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D ESOXYCORTICOSTERONE isolated* as one of the principles of 
the adrenal cortex, is synthetically prepared and supplied by Ciba in 
the form of the acetic acid ester, known as PERCORTEN. Percorten is 
indicated in Addison’s disease as shown by various investigators. 

In a detailed study on 8 patients. Thorn and associates* describing the 
effects on body weight, blood pressure, plasma volume, sodium-potassimn- 
chloride balance demonstrate the improvement ■iv'hich can be obtained. 
From these studies it also appeared tliat 1 mg. of desoxycorticosterone 
acetate -was equivalent to about 3 cc. of adrenal cortical extract injected 
subcutaneously in divided doses. 

Other conditions in which insufficiency of the adrenal secretion has 
been assumed, such as are associated with surgical procedures involving 
the adrenal gland, post-infectious asthenia, acute infections, surgical 
shock, etc., have been experimentally treated ivith Percorten and en- 
couraging results have been reported. 
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The SOMOGYI 
URINE SUGAR 
COMPARATOR 

For the rapid 
estimation of 
urine sugar 

This comparator has been prepared for use in the quantitative determination of reducing 
^Kars m the urine, according to the Somopyi Carbonate Method, described in this issue, 
to consists of a series of seven permanent color standards representing O.S^o 

U , sugar in steps of l^o, mounted in a sturdy hardwood comparator block, 
bu^lt^ evenly dispersed through standards and specimen by means of a milk glass plate 
back of the apparatus. In use, a specimen which has been heated with 
/o sodium carbonate solution, is compared with the permanent standards in the 
arator. Test tubes of selected uniformity should be employed for the specimen 
° assure accurate results. 
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■500 Urine Sugar Comparator, Somogyi, as described above, complete with seven 
No three “Pyrex” brand glass test tubes selected for uniformity . . $10.00 

-160-S ^Test Tubes Only, “Pyrex" brand glass, with inside uniform diameter of 
4 mm. Dozen $0*42 
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Ciba MALE SEX HORMONES 

Now in 3 Convenient Forms 


PERANDREN* “Ciba” represenis a cbemically pure and synthetic 
testosterone propionate, the most potent androgenic substance known. 
Supported by an important clinical literature. In ampules of 5, 10 and 
25 mg. for injection. 


PERAIVDREIV OINTLETS* are individual-dosage tubes each con- 
taining 4 mg. of testosterone propionate in a bland unguent base. 
Administration is uniform, clean, easy. 


METAIVDREIV* is Ciba’s orally administered synthetic, crystalline, 
chemically-pure methyltestosterone. Male sex hormone efficiency dem- 
onstrated in animals and humans. Scored tablets, 10 mg. each. 

Indications;.^ PER ANDREN is used in disturbances of male sexual 
development such as cryptorchidism, hypogonadism, dystrophia adi- 
posogenitalis; also when impotence, sterility, male climacteric and 
prostatism are due to androgenic deficiency. For females, in some 
menorrhagias, metrorrhagias, dysmenorrheas, and to inhibit post- 
partum lactation, peraivdren oinltets and metandren may he used 
in conjunction with or as substitute therapy for perandren where the 
physician deems this logical. 



Word "Perandren” identifies the product 
fden”fi« the ‘""oufacture. Word "Metandren" 

OINTLETS ®* I7-niethylt«tosterone of Ciba's manufacture. 

Ciba a ointment tubes containing accurate doses. 
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When the demands upon your laboratories 
are greatest you appreciate Balanced Glass 

PYREX most. For this is the ideal laboratory glass — 
the all-around glass. You turn to it confi- 
dently, sure of its strength, certain of its 
stability, and positive of its thermal resistance. All of these 
properties are balanced one against the other. Not one has 
been enhanced at the expense of another. All are present in 
the desired proportion for virtually any laboratory work. All 
are combined for maximum value — maximum laboratory 
usefulness. 

In these days when time is such a factor, when tests, re- 
ports, and findings are more urgent than ever, standardize on 
Balanced Glassware. Always specify Pyrex brand Laboratory 
Ware, the only glassware made of Pyrex brand Chemical 
Glass, the Balanced Glass. Available from your regular 
laboratory ware dealer. 

PYREK is a registered trade-mark and indicates manufacture by 

CORNING GLASS WORKS • CORNING, N. Y. 


Corning 
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New 1941 Model Harwood Rotary Microtome 


f^rice Noiu Reduced to $67.50 
*Ojc Harwood Microtome has been 
completely revised and is now oiTcred 
''u- ^ clamp securely holding 

w/eec blocks Up to one inch, and allow- 
ing the object to be rotated. The nis- 
gedness and rigidity of the 1941 model 
»"akes it suitable for cutting all parafTm 
sections encountered in routine use. The 
positive mechanical feed is held under 
spring tension and is warranted not to 
or wear. The off-center knife clamp 
tevents the object from contacting the 
I c Center and hence permits u.sc of a 
hy reversing 

\ ® *1^ fhc clamp. The adjustable 

standard micro- 

Rotarv Harwood 

Each ^ model, Without knife. 

' • 
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— REAdVmyOU NOW! ~ 


A NEW, ENLARGED AND COMPLETELY REVISED 

“PYREX” LABORATORY GLASSWARE CATALOG 

Presenting 358 New Items 
and Two New Lines 

VYCOR BRAND LABORATORY WARE 
PYREX BRAND FRIHED WARE 


• This new 160-page Catalog is the 
most comprehensive listing of labora- 
tory glassware we have yet published. 
It lists approximately 2700 items of 
which 358 are new. Included is a' 
complete listing of the items available 
in the new PYREX brand Fritted 
Ware, as well as the VYCOR brand 
Ware fabricated from the new 96% 
silica glass No. 790. 

Prices have been reduced on a number 
of items. Consumer quantity dis- 
counts apply to practically all items 
when ordered in full original pack- 
ages, except for a few items which 
are packed one piece per package. 





' lij 


Further economies can be realized if 
ware is purchased in assortments of 
20, 50, or 100 original packages. All 
items listed are available through 
your regular laboratory supply dealer. 


CORNING GLASS WORKS • CORNING, N.Y. 



Please forward to me a copy of the new “PYREX” Laboratory 


Glassware Catalog* No. LP-21. 

Name 


Position 


Company or Inslifution 


Address 


CHy Stale 


Please place roy name on your regular mailing listO 
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New Serological Baths 

for the 

Kahn Verification Test 

With Built-in Pipette Compartment 

These new serological baths have been especially 
made for use in the Kahn Verification Test, ac- 
cording to the author‘s specifications. Two types 
arc offered: an electric Warm Bath for use at 37*^ 
C., (which may be used for temperatures up to 60° 
C.). and a Cold Bath for use at 1° C. with ice. The 
Warm Bath consists of a well-insulated inner 
chamber measuring 16 x 19 inches, with a perfo- 
rated shelf for accommodating serological tube racks in the usual manner. The shelf rests 
on two pipette compartments with doors opening on the exterior front of the bath. A pre- 
cision hydraulic thermostat with an expansion element in conjunction with a positive-acting 
maintains the temperature within J/fo C. No micro switches are necessary 
has * ^ ^hermostat employed. The Cold Bath is similar in all respects to the Warm Bath, but 
1 heating elements. In use, cracked icc with water is placed over the removable inner 
c causing cold water to surround the pipette chambers. 

994— Kahn Verification Serological Water Bath, for 37® C., comclete with electric im- 
rsion heating element, thermostat, etc., for 110-120 volts A.C. or D.C., Each $140.00 
995 Kahn Verification Test Water Bath, for 1® C., Each 75.00 



Write for complete descriptions of these and other serological water baths 

A. S. ALOE COMPANY CXINICAL LABORATORY EQUiPMENT 

i^rL-OUIS. MO. 
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THE SILVER ANNIVERSARY NUMBER 


We Celebnite Our Silver Anniversary 


Tlic twenty-fifth voluino of Tin; Jouuxai- or Laiiouatohy and Clinical 
^ii^DiciNE is comiilctod. This issue inaujnu’atos a second riuarter century of 
service to medicine. 


Twenty-five and more years ajjo no sinj;lc medical periodical adequately 
filled the gap between laboratory research and the ai)pliealion in the field of 
clinical medicine of those discoveries coming from this research. This Journal 
■'vas inaugurated primarily to serve ns the eonnecMing link between the labora- 
tory and clinical medicine. Clinical pathology was then in its infancy. Com- 
mon interests developed witli those who were applying laboratory methods to 
clinical investigation. Tlio Journal .soon became the standard medium for 


presentation of advances in clinical pathology. 

In the first volume the section on Laboratoiy iMcIhods was written by the 
editors, as critical reviews. It soon became apparent that this department was 
the only available classified medium for the iircscutalion of new laboratory tech- 
niques and apparatus. Contributions became so numerous that in the second 
\olume the editors discontinued tlicir review contributions. 

AVith the appearance of Volume XI original contributions to the section 
on Laboratorj' Slcthods required so much space that it M’as deemed advisable 
lu inaugurate an additional department, Selected Abstracts and Eeviews. AVitii 
Ihis, the Journal could still call the attention of the readers to new advances. 

The Editorial Section continued witli longer reviews, but as the Journal 
pew, the volume of good material submit led was so large that the interval 
etweeu the time of aeceptanec and the date of publication became too long. To 
piovide more space editorials were discontinued in A^olume XXI. 

^ Major emphasis througli the twenty-five yeai^ has been on laboratory medi- 
®iue. At the same time, to retain broad perspective, a reasonable proportion of 
clinical articles have been regularly accepted. As a rule, contributions 
''ll' clinical application have received precedence, although a number 

ich might be classed under pure research have been published, especially when 
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the editors have recognized the possibility of future use in clinical laboratory 
medicine. In this way the Journal has helped to facilitate the application of 
]iure researcii to clinical problems. 

The Journal has served another function, important for medical progress. 
Prom time to time it has opened its pages to new medical societies whose fields 
of interest combined the laboratory and the clinic, that they might have a 
medium for presentation of their transactions until tliey could organize and 
support their own jieriodicals. This service has been given to The American 
Society of Clinical Pathologists, The American Association for the Study of 
Allergy, and The American Rheumatism Association. 

The editors in celebration of the Journal’s twenty-five years of service, 
believe that, instead of reviews of medical progress during that period, a sym- 
posium discussing most recent developments and their probable future implica- 
tions would be more consistent with the past and present policy of facilitating 
the progress of research. This Anniversary Issue looks forward, not backward. 
For this reason, it has seemed appropriate to celebrate the event at the inaugura- 
tion of the second quarter century, in Volume XXVI, rather than at the end 
of Volume XXV. 

The editors express their deep appreciation to the authors who have con- 
tributed to the Anniversary Number. They hope that their readers will derive 
as much satisfaction from perusal of these pages as they have in their prepara- 
tion. They believe that the subjects discussed will become increasingly impor- 
tant. Special effort has been made to avoid repetition of discussions which are 
readily available elsewhere. This applies, for example, to the sulfonamide com- 
pounds. 

The make-up of the Journal has been altered from time to time to pro- 
vide for needs as they have arisen. A journal whose function is to mirror 
progress should not be static ; it should experiment with new methods of pre- 
senting subject matter, with full realization that some of the trials may he 
unnecessary or unsatisfactory. In this event, there will be no hesitancy in 
altering or abolishing them. 

The commencement of a second quarter century of publication is an appi'O- 
priate time to put some of these tentative ideas into effect. To this end the 
Journal announces certain additions to its departments. 

Clinical chemistry has assumed steadilv increasing importance in lahoia- 
tory medicine. Articles in this field have been scattered in the departments 
devoted to Clinical and Experimental Investigation and Laboratory Methods. 
It is believed that a separate department of Clinical Chemistry wall focus in- 
terest in this field and will facilitate classification of the material presented. The 
new' department of Clinical Chemistry will be edited by Dr. Victor C. My^is 
and Dr. Edwmrd Muntw'yler of AVestern Resei’ve University. 

The number of letters discussing editorial reviews of medical progress has 
in the past made the editors deeply conscious of the interest w'hich they haic 
stimulated. It is I'egretted that space limitations required their discontinuance. 
Believing that progress reviews of this tyjie serve a real function, the editois 
of the Journal w'ill again inaugurate reviews, hut with a new', and it is hoped 
improved, method of approach. 
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Tlie men best (jualificd to write progress reviews arc tliosc who arc tlicm- 
sclvcs concluotinjr pioneer investigations in the fields. From time to time there 
will appear, therefore, as leading artieles, invitation eontribntions on subjects 
analofious to those ])resentod in this Annivei*sary Number, and written by out- 
standinjr investigators. If these ade(piately fill a need, they will be made rej^- 
nlar sections of the .louuN.vn. 

The imi)ortanee of jjood illustrations has been vecofinizcd from the out.set. 
Tlic JouHNAi/.s excellent liliotojirapliie reproductions have been an outstanding: 
feature. Not only has medical illustration become a specialty in its own riffht. 
hut witli the improvements of the la.st decade in precision i)lioto'iraphy, the 
physician often illustrates bis own articles. Many have fonnd photography a 
pleasant bobby and a useful one, since it can be used in connection with one s 
work'. 

The Jnur»al of (hr liiolngivai /*hoto{fniifhic Assocutiion serves those decidy 
interested in seientiflc photography. Not limited to medicine, it covers all fields 
of scicnec. 

Tlic editors are of the opinion that a small department of medical illus- 
tration, eovcrinp; pliotograj)hie and other methods, will be of sufficient concern 
to those readers now interested in photography, or to those who may become 
mtevested, to justify its establislimcnl. This department, !)y broadening interest 
in tlie subject and jjroviding an alternate mediinn for ))ublieation, will not 
compete with the Jourua! of (hr Uiolotjiatt Photographic Association^ but will 
complement it and jirovide a classified dcpurtmenl oji other methods of medical 
illustration. It will be inaugurated in January under the editorship of Cai’l 
H. Clarke, Professor of Art as Applied to Jlodicino and Director of the Depart- 
uient of Art of the University of Jiaryland Medical School, wlio organized and 
first edited the Journal of the Biological Photographic Association. 

During it.s existence the Joi’knai. has grown from approximately 950 pages 
of Volume I to over 1,300 pages in Volume XXV. The new departments will 
require either the addition of about 400 pages or .some limitation on the natirrc 
of subjects now considered apiu'opriatc for acceptance. Suggestions and con- 
structive criticism on tliis point and on other subjects herein discussed, but par- 
ticularly with regard to any subject matter in the last few volumes which may 
have^ been of interest to loo small a proportion of the readers to justify its 
publication, are welcome. 

Tlie editor expresses liis deep appreciation to all the writers who have 
contributed to the Journal during liis seventeen years of editorship, and to 
those wliose earlier papers were accci)tcd by the first editor; ^\Titers whose eon- 
iibutions have given life to tlie Joitrnal and enabled it to serve adequately 

a functionary in the progrc.ss of medical knowledge. 


AVarrf.n T. Vaughan 



THE AUTONOMIC NEEVOUS SYSTEM CONSIDERED IN RELATION 
TO EXPERIMENTAL AND CLINICAL PHENOMENA*' 


Dennis E. Jackson, Ph.D., M.D., Cincinnati,' Ohio 


I N A MANNER cliaraeteristie of the history of our times a contemporaiy 
wag has defined an adult as one who has stopped growing at both ends biit 
continues to grow in the middle. This conception of a generalized entity com- 
posed of two ends and a middle, in either division of which growth, or at least 
change, may occur, coincides very well with our present conception and 
knowledge of the autonomic nervous system. Within recent years many 
changes, and a good deal of growth, have occurred in our understanding of tins 
system. But not infrequentlj^ a change, which at first appeared as growth has 
ultimately been found to be merely an -added source of confusion. And m 
many respects our knowledge of the involuntary nervous system is still in an 
infantile or even an embryonic state. Current medical literature contains 
hundreds of references to such subjects as renin, renin-activator, angiotomn, 
ischemin, sympathin E and sjnnpathin I, and intermedin ; the carotid and aortic 
bodies and the corresponding sinus structures; choline-esterase, amine' oxidase 
(see “sulfosynthase”), adrenergic and cholinergic nerves, benzedrine, veritol, 
corbasil, “933F,” prostigmine, paredrine, beta-ery.throidine, and trasentin 
and trasentin-6H ; failures frequently following surgery on the sympathetic 
nervous system because sensitization to adrenalin develops at the nerve end- 
ings; the remarkable and peculiar symptom complexes which occur in the 
presence of pheochromoeytoniata ; desensitization to food proteins by piO' 
longed administration of mecholyl; the strange and often depressing menta 
and physical manifestations resulting from disturbances of the hypothalamus 
and related structures — these and numerous other new^ and unexpected experi 
mental or clinical observations all tend to reveal the vast territory which the 
autonomic nervous system is rapidly usurping in the field of modern medicine. 
The names “sympathetic,” “autonomic,” “involuntary,” and “vegetative 
are often (but not quite correctly) used synonymously in referring to this 
system. 

Anatomically the autonomic nervous system is considered to eonsist of 
two parts, the true or thoraeicolumbar sympathetics emerging from the eig i 
cervical, and the thoracic and lumbar (to the third or fifth) divisions of t le 
spinal cord, and the parasympathetics which pass out from the central nervous 
system in the third, seventh, ninth, and tenth cranial nerves and from t e 
second to the fourth sacral segments of the cord. These primary emerging 
fibers are preganglionic, and they pass through greater or lesser distances to 
communicate with the nerve cells of the postganglionic fibers. The post 
ganglionic fibers are highly specialized both as regards their anatomic is 

•From the Department of Pharmacology of the University of Cincinnati Medical Colleg . 
' Cincinnati. 
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Iributiou and their individual functions. All these fdiers are efferent in 
clinractcr (.see below for sensory counterparts). 

Returning to the structural eonec])tion of two ends and a middle, we may 
note that centrally the autonomic nervous system iirimarily originates in 
nuclei in the hypothalamus and in the medulla, lint these centers have numer- 
ous connections, often unknown or at best only vaguely surmised, with higher 
divisions of the brain or with other neighboring nervous mechanisms. Mystery 
surrounds tiincli of the workings of the hypolhalamns, hut it undoubtedly 
exercises a dominant control over many, ))erhaps most, of the functions of the 
autonomic nervous system. Through the hypothalamus and medulla impulses 
from above permit mental stresses or strains or other psychologic .states, gen- 
erally entirely uneonseiously, to e.vcrt their- influences on the more distal por- 
tions of the autonomic nervous sy.stem. Drugs may affect all these regions and 
the pharmacologic interjiretatiou of these reactions may be exceedingly diffi- 
cult, and especially so if the effects are obscured, as would usually be the 
case, by more peripheral actions. If pathologic conditions in the lij^po- 
thalamus, or in higher related structures, produce serious mental or ph.vsical 
changes, one can only conjecture as to how drugs may act on these structures 
in order to be therapeutically valuable to the patient. 

In recent years, a vast amount of woi-k has been done to explain the actions 
which take place at the peripheral endings, both of the preganglionic and of the 
postganglionic neurones. Already one Nobel jirizc has been granted for work in 
this connection. Perhaps there is still room for another. 'When impulses pass 
outward over preganglionic fd)ers, both true sympathetic and parasympathetic, 
these impulses arrive in due course at the endings of these neurones around 
the nerve cells of the postganglionic neurones. At this point each impulse is 
now presumed to cause the liberation of a minute quantity of acetylcholine 
which transmits the excitation to the nc.xt receptor, that is, the cell of the post- 
ganglionic neurone in this case. The liberated acetylcholine lasts for only 
the briefest instant of time, and then it is equally rapidly hydrolyzed by choline- 
esterase which is always present duo to its wide distribution in the tissues. An 
exactly similar action is also believed to occur in striated muscles when 
nervous impulses pass out from the central nervous .system over the cerebro- 
spinal motor nerves to striated muscle nerve endings. All preganglionic nerve 
endings, and all parasympathetic nerves whose endings are thus stimulated 
|>y acetylcholine, are designated as cholinergic. If eserine in small quantity 
IS applied to these endings previous to stimulation of the nerves, it is pre- 
sumed to take up and destroy a certain amount of the esterase normally 
present. Thus, when a nerve impulse passes down the nerve fiber and 
liberates a charge of acetylcholine, the action of the latter will be prolonged 
as manifested in the muscle or gland cell by its increased or prolonged 
activity. In certain instances, such as the sweat glands, nerve fibers which 
anatomically belong to the thoracicolunibar sympatheties are cholinergic in 
fiction and pharmacologically react as do tlie parasympathetic nerves. 

For many years a queer problem was presented by the results following 
e ectneal stimulation of certain true sympathetic nerve fibers. In some cases 
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smooth muscle contracted, iu others it relaxed. When adrenalin was found 
to produce similar results, it was surmised that there must he some difference 
in the chemical constitution of those muscles, yet no analyses could demon- 
strate this. A little later on a considerable shifting of viewpoints led to the 
almost universal use of adrenalin to detect the presence or ahsence of true 
sympathetic nerve endings. But the problem of contraction in some eases and 
inliihitiou iu others still remained' Within recent years, however, a number 
of new conceptions have been advanced in the hope of explaining these 
phenomena. It is now presumed that impulses passing down the time simi- 
pathetie nerves (except those which are cholinergic in nature) cause the 
liberation of adrenalin (Dale) at the terminal endings of these fibers, and that 
this adrenalin transmits the excitation to the muscle or gland cell. Cannon 
and his co-workers have advanced the view that either adrenalin or some 
similar substance is liberated by the nerve impulses, and that this substance 
at once unites ivith oue or the other of two substances (E and I) already 
present at the nerve endings to form sympathin E (effector) or sympathin I 
(inliibitor). If strong stimulation of the nerve leads to formation of exces- 
sive amounts of either sympathin E or sjunpathin I, then this may he carried 
away in the blood stream (or perfusion fluid) and produce corresponding 
results on other similarly innervated tissues. Nerves of this character are 
designated as adrenergic. 

The method by which adrenalin is inactivated in the body has been a 
standing question. Gaddum and Kuiatkowski^ (1938) have advanced the 
view that adrenalin is oxidized in the body by amine oxidase. As supporting 
evidence of this, they note that ephedrine increases the action of adrenalin and 
also that ephedrine inhibits the action of amine oxidase. This view corre- 
sponds to that of the action of choline-e.sterase and eserine as they affect the 
action of acetylcholine. 

Opposed to this view, recent admirable work has been published by 
Richter- in which he finds that adrenalin is excreted in the urine in a con- 
jugated (sulfate ester) form. This conjugation probably takes place largeh 
in the liver, and while some adrenalin may be oxidized by amine oxidase, still 
conjugation is a more rapid pi'ocess and is jirobably the method by which 
most of the adrenalin disappears from the body. The conjugation is effected 
bj' the '‘sulfosynthase” system which is responsible for the conjugation of 
sulfate with phenols in the body. The liver is particularly effective in re- 
moving both adrenalin and phenols from the circulating blood. Since poly- 
phenols use up ‘ • sulfosynthase ” in the process of conjugation, it might be 
expected that administration of polyphenols, together with adrenalin, would 
lead to an augmentation and prolongation of the action of the adrenalin. This 
has been shovni to occur. In a general way, therefore, the interactions of 
eserine, choline-esterase, and acetylcholine in the cholinergic system would 
correspond to poh-phenols, "sulfosjuithase,” and adrenalin in the adrenergic 
system. 

A further interesting point has also been brought out by Richter. It 
has generally been stated that adrenalin is only slightly, if at all. active when 
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taken by stomach. Richter has found that adrenalin is active when admin- 
istered orally and will produce, over an extended ])criod, the usual actions of 
the drufr, hut in a less acute doj;rce. As adrenalin is ordinarily taken by mouth, 
most of the druf; is oxidized in the «rut. This oxidation can be mainly avoided 
by taking: the adrenalin (e.^r.. dose 15 iiij?. adrenalin) with 0.1 Ci'm. frlycine 
and 10 e.c. of 1 per cent acetic acid in 50 e.c. of water: uj) to 70 j)cr cent of the 
adrenalin thus taken has been recovered (in conju'rated form) in the urine. 
No free adrenalin has been found in the urine, and the presence of the drujr 
cannot bo detected until the eonjujraled dru^ Jins been Iiydrolyzcd by boilinir 
(the urine) with sulfuric acid. After ]Hirifiention and jiroper chemical 
manipulations the recovered free adrenalin drives a positive reaction with as 
many as seven chemical and color tests and also produces inhibition of isolated 
.strips of intestine. It has also been sliown that eorbasil, ejiinine, and d- 
iidrenalin, as well as 1-adrenalin (the natural form), are all eliminated in the 
urine in corresponding eonjusated forms. In all the.se cases the derivatives 
formed arc apparently the sulfate ester.s, and eonjutjalion occurs on one of the 
phenolic hydroxyl groups. This molhod of inactivation of .sympathomimetic 
amines probably holds good also for many other members of the group, but not 
for all. 


It has been the usual custom to consider the autonomic nervous 
system as a purely and solely eftcrent or motor system. But it must be 
fully recognized that there is a sensoiy counterpart in mo.st, if not in all, 
autonomic actions. The scn.sory iin]m]ses which initiate autonomic motor 
effects are transmitted centrally over sensory fibers belonging to the cere- 
brospinal system. Those fiber.s have their sensory cells in tlio posterior root 
ganglia of the spinal nerves or, in the case of the cranial norve.s, in the cor- 
responding sensorj' ganglia on the coiu’sc of these nerves, such as the Gasserian 
ganglion on the fifth nerve and the ganglion jugularc and the ganglion nodosum 
on the tenth nerve. Tliroughout life enormous number.s of sensory impulses 
uuist be constantly passing into the central nervous system from most of the 
organs and structures of the body. TJicse impulses set up numci'ous reactions 
lu the .sympathetic nervous system that mitst very generally he considered 
as reflex in nature. Some of these reflexes may be fairly simple in cliaractcr, but 
others are extraordinarily complicated. Clinically they may represent the 
uenous mechanisms involved in an endless variety of aches, ])ains, swellings, 
^udigestion, cardiac irregularities, blood pressure clianges, secretory disturl)- 
ance.s, metabolic or temperature variations, etc. 


observed by Dale many years ago that an injection of adrenalin, 

0 o\Mng ^ sufficient dose of ergot oxinc intravenously, caused a fall in blood 
pressure instead of the usual rise. This was interpreted as being due to a 
paraljsis of the vasomotor constrictor nerve endings by the ergotoxiiie, so tliat 

oumg this adrenalin could only stimulate the vasodilator endings whicli 
Prgotoxino was presumed not to paralyze. Eothlin arrived at the conclusion that 
*^rcOtox!nc, at least in large doses and in some locations, had a paralyzing action 

1 certain sympathetic inhibitory endings as well as upon the motor endings. 
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In recent years various observers have obtained different reactions in tissues by 
a number of different drugs when different anesthetics were used. In certain 
instances this phenomenon may be very striking; perhaps it has not been 
sufficiently appreciated in the older investigations of sympathomimetic drugs. 
A relatively new preparation, “933P” (F stands for Pourneau who introduced 
the substance) piperidomethyl-3-benzodioxane, has been found to have a para- 
Ij^zing action on sympathetic endings similar to that of large doses of ergotoxine. 
Small doses of ergotoxine stimulate motor sympathetic nerve endings like 
adrenalin, but large doses paralj’^ze these endings. 

Page^ and his co-workers have recently made a number of interesting ob- 
servations on the vasopressor substance obtained from the kidney. This sub- 
stance is called renin, but renin is not active until it has combined with an 
activator contained in the blood, and this combination (of the two substances) 
has been named angiotonin. Crystalline derivatives have been prepared from 
angiotonin which is an active vasopressor substance. It appears to act pharma- 
cologically in a manner similar to that of pitressin. Another substance ob- 
tained from the kidney by Prinzmetal, Lewis, and Leo^ also has a vasopressor 
action and has been named by them isehemin. The chemical constitution or 
identity of these preparations has not yet been worked out. One can only 
speculate at the present as to what relationship, if any, these kidney products 
may bear to clinical hypertension. There appears to be some connection be- 
tween the action of these preparations and the influences which the central 
nervous system exercises over chronic hypertension. The sympathetic nervous 
system is probably involved in the pathologic reactions necessary to the main- 
tenance of this state. The work of Goldblatt and the recent experiments of 
Dock® throw some light on the still obscure problems here involved. 

JIarrazzi® has recently advanced the view that adrenalin, or an adrenalin- 
like substance, produces inhilntion when present in minute (but sufficient) 
quantities (generated at the inhibitory endings) in the synapses in sympathetic 
ganglia. This counteracts the stimulating effects of acetylcholine which is gen- 
erated at the (motor) synapses in these ganglia ivhen nerve impulses from the 
cord or brain reach the ganglia. Experimentally adrenalin (or sjnnpathin) 
may be produced in the body in sufficient quantitj' to bring about this type of 
inhibition by stimulating the nerves to the adrenal glands or other sjnn- 
pathetically innervated organs. 

A generation or so ago hopes were held out that a careful study of the 
chemical structure and formulas of drugs would ultimately lead to a rational 
explanation of how the.v act. In particular, a careful comparison of the 
formulas of related substances, such as the sjonpathomimetic amines like 
adrenalin, tyramine, epinine, etc., was expected to throw great light on the pre- 
diction of how any given compound would act in the body even without trying 
it out. This was a kind of biochemical conception of pharmacology. To ivhat 
vagaries and delusions this line of reasoning may lead one is well illustrated by 
observations made by Koppanyi and his co-workers' relative to the so-called 
vasomotor reversal produced by ergotoxine r ergotamine with reference to 
the rise or fall produced in the blood pressure by adrenalin when different 
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aiicsthotics are used. These authors fomul tlint er^'olaminc or ergotoxine in 
(loses of 0.2 to 4.0 mg. per hihigrain in cals usually produces vasomotor reversal 
to adrenalin under urethane, hut n(»t under ])arl)ilurate anesthesia. In the 
latter, the adrenalin ])ressor etVects were usually increased in height and .always 
in duration. Thus urethane anesthesia constitutes the most favorable, and 
barbiturate narcosis the most unfnvoralilo, condition for the elicitation of 
v.'isomotor reversal to adrenalin. Under barbiturate narcosis there is a dis- 
tinct synergism between ei)inephrinc and the ergot alkaloids. Ulood pressure 
rises produced by adrenalin are often higher after ergotoxine or ergotamine 
than from control injections, and are nhva 3 *s more prolonged. Massive doses 
of ergotoxine or ergotamine in barbiturate narcosis diminish or abolish the 
rises from epinephrine without producing reversal. Physostigminc or pros- 
tiginine facilitates vasomotor reversal under \u*cthanc anesthesia, while large 
(loses of ntro])ine administered iiefore the ergot alkaloids in urcthanized animals 
prevent revcr.sal Ijy epinephrine. Kopjmnyi and Ids collaborators further find 
that since the action of a single efiVetive dase of ergotamine lasts for several 
hours, it is possible to prcaluee vas(nimlor rcvoi’snl under urethane anesthesia, 
and after recovery from urctlmiu* to adnunister a short-acting barbiturate and 
produce in the same animal a jmtenlialcd, instead of a reversed, epinephrine 
effect. Conversely, it is possible to use a short-acting thiobarbituratc, such as 
pentothul, and obtain a potentiated epinephrine response following ergotamine, 
and after the recovery of the animal from the barbiturate, to give urethane and 
obtain a vasomotor revcr.sal to adrenalin. Thn.s the difficulty of determining 
how or where a single member of a scries of compounds acts is seen. The 
complications will increase when i>redictions for otlicr members of the scries, 
or for entirclj' different drugs which have similar pharmacologic actions, are at- 
tempted. 

Barbiturates^ aiJi)car to dei)ress or paralyze the vagus ganglia in the heart. 

1 iIocari)inc or acelyleliorine may still .slow the heart, while cscrine maj* restore 
the excitability of the vagus but may not .spontaneously slow the heart rate. 

Actions mediated partl.v or entirely through the autonomic nervous system 
aiay be so extensive and involved that one cannot fathom all the changes that 
may be taking place at a given moment. But by special e.xperiments in which 
t'oly a small number of reactions may be studied at any one time, a fairly com- 
Pjete, composite picture mav usuallj* be built up to explain anj* special 
phenomenon as a wliole. 

One of the simpler antonomic reactions is lliat by which the systemic blood 
piessure is raised in the presence of asplij-xia. The asphyxia may be produced 
in many ways, but cxperimentallj* stoppage of the respiration by electrical 
stimulation of a vagus nerve is perhaps the most common. Fig. 1 shows the 
e ects oi asphyxia, not by vagus stimulation, but by stoppage (twice) of the 
I’espnatiou (which was artificial) in a eurarized dog. "When the respiration was 
opped (at “off”), asphyxia quicklj” developed. The blood pressure promptly 
rose. This was due primarily to stimulation of the aortic body by lack of 
*i^}gen in the blood (hypobxia), but also partly to the stimulating action of 
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carbon dioxide in the venous blood on the vasomotor center in the medulla, 
and to some further stimulation (by the hypooxia) of the carotid body 
Sensory (chemo-) reflexes pass from the aortic body (over the vagus neive) 
and from the carotid body (over the branches of the sinus nerve) to the 
medullary centers in vhich the necessary readjustments are made, so that 
etferent impulses can be sent out over the true sympathetic system to cause 
the rise in blood pres.sure. Resumption of respiration (at “on”) quickly 
causes a return to normal as the blood is again reoxygenated. 

P 

tk 



Fiff. 1. — For discussion see text. 

I’ig. 2 shows the action of paredrinol on the ■walls of the nasal sinuses and 
passages, on the blood pre.ssure, and on the respii’ation. Here marked stimu- 
lation of the vasoconstrictor nerve endings caused a prompt and prolonged 
constriction of the vessels in the walls of the nasal passages (nose record) and 
a rise in blood pressure. As the blood pressure rises, the heartbeat becomes 
.slower (increased pulse pre.ssure shown by the mercury manometer tracing), 
until Anally, at the highe.st point, the pres.sure .suddenly drops and an extended 
series of very slow beats ensue. These slow beats are due primarily to the 
reflex action of the carotid sinus nervc.s. These nerves (endings) are stimu- 
lated by the increased tension (.stretch) in the walls of the carotid sinuses, 
and impulses are quickly sent to the medullary center from which reflex im- 
pulses are sent to the heart over the inhibitory vagus fibers. These slow the 
lieartbeat. A vasodilator action (not identifiable in this record) may also 
have been present but concealed by the peripheral action of the drag. See 
also discussion of Fig. 12. 
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I-'iit tf\t. Tin* no**'* m-cokI whs iiuiiIi* hv of Ji tainbour c’OTt- 

'yjtli MJbbcr in oin* nontill Into which :i >hort i>i«*<**' oi tiihiJifj 'va** 

lairtlffjjt). 'piif. other n«i**(nl \va*< llKhllV l»\ tuean*. of a churp The '-oft ImI'IU' \\a^ hold 

Pwshoil back agiiJn**t tho post, tint wall of the iri'-ooii.irx ii\ by means of a soft rubber 
ii«i! to the end of a m«*tal hmI. The fte<* end of tlie rod lesicd tiuhlly apalnst the 

t«’cth, and the whole rod was held In phic* h> means (»f a el. imp which closed 
Bin. oround the animal's nose. This artaiiKement hehl the posterior nasal cat Sty 

^'V^lRhl. M) that cimnyes In the \4-ssels .if the walls of the sintises and air passapes could 
rcadllj recorded by air transnii5slons to the taiiihoui-. 



Fiff, 3. — For discu.s*?ion stc text 
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Pig. 3 shows actions similar to those of Fig. 2, but in Fig. 3 paredrine was 
injected and the inhibitory action of tlie carotid sinus refle.N was very much 
more extended. Artificial respiration was being carried out in this experi- 
ment, and this may have infiiienced the depth of the anesthesia somewhat. The 
more lightly the animal is anesthetized, the more active the inhibitory reflexes 
are likely to be. Formerly this vagus inhibitory action (slow heartbeat) was 
supposed to be due entirely to mechanical stimulation of the inhibitory center 
in the medulla by increase in intracranial pressure from the marked vaso- 
constriction produced (peripherally) by such drugs. Carotid reflexes have 
been found by various investigators to be greatly reduced, or abolished en- 
tirely, by certain anesthetics such as ether and most of the barbiturates. 
Clinically one might consider whether or not such an action would be bene- 
ficial or otheinvise to a patient who was anesthetized for an operation. 









/' 
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Fig. 4. — For discussion see text. 

Fig. 4 illustrates the action of propadrine. A slight stimulation of tlm 
respiratory rate is present here, and it is often much more marked, for this 
and various other members of the sympathomimetic amines often stimulate the 
central nervous system in addition to their peripheral actions. 

Fig. 5 illustrates the action of benzedrine. It should be noted here that 
the drug was injected into the femoral vein. This is far removed from the 
mucous membranes of the nasal passages, yet these membranes show' an im- 
mediate shrinking. The constriction of these vessels is exactly analogous to 
that which occurs in the kidney or spleen. 

Fig. 6 shows the action of neosjuiephrin, but in this ease a striking ab- 
normality in the respiration is noted. This change is a variety of Cheyne- 
Stokes respiration and is due to the effects of the anesthetic (nembutal) 
rather than to the neosj-nephrin. The interrelations between the blood pres- 
sure and the respiration .should be noted. 



JACKKON': AMTONOJUC NnitVOUS SVSTKJI 


13 


lloAoUd 





^ neymAUc^ 

Jh&yn^exi/U/yVi - lO 



rjgr, 5,_Kor *llsc»if!«lon pec text. 



6. For discussion see text. 


A section of the record was omitted between the two parts 
here shown. 





Fig. 7. — Here nembutal dilated the vessels in the nasal walls. Drugs which stimulate the medullary center, or asphyxia, may act in exactly 
the opposite manner, and cause constriction of these vessels. For discussion see text. Also see discussion of Fig. 11. 
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Fig. 7 demoiistnites ii vm-icty of nutoiiomic efl'octs. At the lio^'iimiiif' 
of ttie traeiiis iiijoclioii of ;! e.c. of iioinbiilal solution loiuls to a inarUcd dilata- 
tion of tlio vessels in the nose. This is ))rriiaps imTtly iieripheral hnt inninl.v 
central in action. It may also he partl.v due to fiannlionic jiaralysis, for 
Koppanyi" has noted that the vairus pniiplia in the heart are jiaralyzcd hy 
barhitnrate.s. It is to he noted (near the middle of this record) that stininla- 
tion of the ri;:ht (intael) va^ns caused only a sli'jht inhihilion of the heart. 
The .sympathetic fibers to the no.se (with their .synapses in the sn])erior 
cervical fraiifrlion) were still able to )>roduee a nasal vasoeonslrietion. I’are- 
(Irine .still jirodneed its normal reaction. In the cervical rcfiion in dog-.s the 
s.vmpathelic nerve.s for the head run (peripherally hnt n)i into the head) in 
the vagus trunks. lienee slimnlation of the vagns trunk causes vasoconstric- 
tion in the nasal walls. 



Fis. S.— For SCO text. 


S and 9 .sliow the aetioii ol* ])arasymi)at]iotie drills. TIic fii’st record 
^ ows the effects of two injections of acetylcholine In-omide. The rapid re- 
from large doses is evident. This is due to ra]>id destruction of the 
acotjicholine hy esterase at tlie endings of the vagi nerves in the heart and 
'■'SO in the lungs, for the bronchi are strongly contracted hy this drug. 

9 illustrates the action of arecoliiio (after nicotine) on the post- 
i-aiiglionie terminations of the vagi nerves in the heart. Thi.s leads to a 
jaaii^ed inhibition and weakening of the heart with a corresponding fall in 
oott pro.ssure, producing an aspliyxia which is still further increased hy 
bronchial constriction. The animal resists this asphyxia by increasing and 
ftieatlj accelerating its respiratory efforts. This results in a somewhat ob- 
seuring effect on the respiratory tracing which was made hy a tambour eon- 
•i^cted with a side tube of the tracheal cannula. 

Fig. 10 illustrates the ganglionic type of autonomic action. Nicotine first 
•ttii atos and then, if the dose is large enough, paralyzes all autonomic 
(Fig. 8) also has this ganglionic (“nicotine”) action. 
^ ffs peripheral (cholinergic) “muscarine” action may generally over- 
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Fljf. 11.— For dlacu^.olon pc*c text. 
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1-. For discussion see text. The stomach record was made by a device attached to the 
pyloric end of the stomach. Contraction is the upward movement. 
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.shadow its ganglionic action. The primary vagus ganglion stimulation i.s 
not very evident in Fig. 10. lioeause the dose of nicotine was so large that 
these ganglia were paralyzed before their inhibitory effects on the iiearf 
could be recorded. 

In Fig. 11 the action of an ergot alkaloid (basergin, ergonovine) is il- 
lustrated. The marked contraction of the vessels of the nose may be largely 
due to central stimulation as a result of the a.sphyxia produced by depres- 
sion of the respiration. This shows the roundabout iiiethods by which the auto- 
nomic mechanisms are frequently brought into action. But ergot alkaloids 
also have a peripheral action resembling that of adrenalin. In this record, 
however, the .slight change in ))lood i)re.ssure rather indicates a different 
origin for the nasal constriction in which most of the systemic arterioles did 
not take part. 

Fig. 12 demonstrates an entirel 3 '^ different action from any of the other 
drugs, j"et its resemblance to the other records is so close that one must 
be impressed by the nature of the mechanisms involved. What appear to he 
veiy slow beats (carotid sinus inhibition) along the higher parts of the blood 
pressure tracing are more likely in this instance 1o be due to extraventricular 
•systoles. This type of action may also occur with the true s.vm])athoiuimetic 
amines, and with both t.ypes of drugs carotid and aortic sinus reflexes maj’' also 
oeeui'. With barium, however, the stomach .shows marked contraction (muscle 
stimulation), while with adrenalin-like drugs inhibition generallj^ occurs ex- 
cept at the sphincters (and even these have an obscure innervation). 

Bai’iinn and some other metals, jmsterioi- pituitaiy extracts (pitvessin, 
pitoein), probablj" angiotoniu. histamine, nitrites, and various other drugs act 
on smooth muscle to ])roduce either stimulation or de])ression. The.se actions 
are generallj' considered to be directlj' on the muscle fillers. Probably the 
perqrheral actions of some anesthetics should be included here. It seems 
quite possible, and even in-obable, that .some, and ma.ybe all, of these drugs 
really do effect their actions through nervous elements or receptors which 
are not jmt understood. There are special indications for this view, especially 
in the case of posterior pituitary extracts. 

The nature of the points on which sjnnpathomimetic drugs, act has long 
been discussed. Earlier workers called these iroints “end plates’’ or simplj' 
“nerve endings.’’ Later the term “myoneural junction’’ was introduced, 
and finallj^ the word “receptor.” The history of the changing viewpoints 
which these terms have signaled in the past fortj’ .veai-s constitutes one of the 
most interesting chapters in the records of modern medicine. The very re- 
cent introduction of the concejition of adrenergic and cholinergic nerve end- 
ings paves the waj^ for another, perhaps equallj^ evanescent, chapter. 

There are .still manj^ obscure phenomena connected with the pharmacologj' 
and phj'siology of the autonomic nervous sj^stem ; and prohablj’^ mechanisms 
of great importance connected therewith have not .vet even been surminecl. 
The very recent discoveiy of the special significances of the carotid and aortic 
bodies and sinuses, the meanings of wdiich are still far from being completely 
understood,® serves well to illustrate this. From the standpoint of patiiolog.v. 
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the pos^ihi.a^l?”^ points at which diugs may affect the autonomic ner\ous system •with 

cord ° exception of some centers in tlie hypothalamus or other parts of the brain and 
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n more bejriniiiii^' lias heiMi made. Not infrequently one may stand in the 
presenee of the direst elinieal j)lienoinena, and feel and see dimly as if in a 
dream, or sometimes as if in a nifrhtmare, that the symi)toms lie observes must 
of neeessity be birjjely, if not eonqdelely, due tt> aetions of the autonomie nerv- 
ous system. And yet ns death hovers near, or evm\ .seizes tlie vietim, the most 
astute physieian may sometimes not be able to determine wliat meclianisms are 
involved, let alone eure the patient. Katal attaeks of anj^ina iieetoris, or the 
origin of the obseure and sometimes fatal attaeks in the presenee of plieoehro- 
moeytomata. and probably other eauses of death not now reeojrnized clinieally, 
may serve to illustrate this point. 

A eonsideralde numlier of elinieal eonditions are now known or Iielieved 
to hear a more or less direet relationship to the autonomie nervous system. 
Amoiif; these may be mentioned va.somotor rhinitis, bronchial a.sthma, urti- 
caria, anjrioneurotie edema, e<die in hollow visceral orjrans, motor distiirbanees 
of these orjjans, hiccups, angina pectoris, disturbances of cardiac rhythm, 
mifiraine, diabetes insipidus. ]»yr«xia. hypertension, and the like. Un- 
doubtedly a number of others .sbimld be added even tbouj»b tbeir rolnttonsbip 
to the nutonomic nervous .system may not be known tmtil far in the future. 

The ancients were accustomed to orient their historical jicrspectivc of 
civilization with reference to their seven womlers of the M’oidd. Idodern man 
has added many more wonders. Vet not <nie of these, either ancient or mod- 
ei’ii, prc.sents a more remarlmlde ])henoiiien(Hi than do the aetions of .some of 
the.se drujjs on the autonomie nervous .sy.stem. such, for example, a.s the 
action of 1 or 2 m<;. of atropine or adrenalin when injected intravenously into 
a man weijrhinjr ns much as loO imunds. 
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INTERACTION OF VITAIMINS AND DRUGS WITH CELL CATALYSTS* 


Frederick Berxheim, Ph.D., Durham, N. C. 


T O THE clinician and physiologist the results obtained with isolated enzymes 
and tissue suspensions may seem to have only remote application to the 
processes in the Imman and intact animal. It is the purpose of this review to 
correlate, in certain selected instanee.s, the physiologic and pathologic findings 
in man and animals with what is known of the concomitant changes in tissue 
metabolism and the catalysts involved. 

In the first part, four vitamins will be considered. Each of these vitamins, 
or its derivative formed in the body, combines with a specific protein and this 
combination is an enzyme, the absence of which in deficiency .states causes 
metabolic disturbances whieli may ])artly account for the accompanying .sj'mp- 
toms. In the second part, drugs will be discussed which either (a) combine 
with specific enzymes, thereby inhibiting their normal catalytic activity, or 
(b) arc attacked and rendered pharmacologically inactive by enzymes. 


P-VBT I 

Thiamin: (a) Carhohrjdratc MctahoJmn . — The work on thiamin may be 
divided into two parts. The first definite evidence about the nature of the 
disturbance in the central nervous system in thiamin deficiency was obtained 
by Peters.^ He showed that the minced optic lobes of the pigeon with beriberi 
were unable to oxidize p\’riivic acid and that the addition of small amounts of 
thiamin in vitro restored the oxidation. Lohmann and Sehuster- identified the 
substance necessary for the decarboxylation of pyruvic acid bj" j’east as thia- 
min pyrophosphate. This is also the active form in the animal body,® which 
combines with a specific protein to form the enzyme which oxidizes pyruUc 
acid to acetic acid. 

It follows from this that pyruvic acid should accumulate in the blood of 
thiamin-deficient animals. This has been shown for i>igeons* and man,®' * al- 
though in the latter other keto acids beside pyi'uvic are also present. Feeding 
thiamin reduces the keto acid level of the blood to normal. That pyruvic acid 
is a normal intermediate in carbohydrate metabolism in man was shorni by 
Johnson and Edwards,' who found high values in the blood after severe exercise. 
The impairment of this important phase of carbohydrate metabolism in thiamin 
deficiency pi'obably accounts for the decreased glucose tolerance.® The relation 
of thiamin to insulin and diabetes is still not clear. 

It is not surprising to find a close relationship between thiamin and the 
thyroid because of the marked effect of this gland on carbohydrate metabolism. 
There are no in vitro experiments to explain the exact mechanism of the inter- 
action, but the experiments on animals show clearly that thiamin counteracts 
the toxic action of thyroxin,” prevents weight loss’” and loss of liver glycogen”^ 

•From the Department of Plij-siologj' and Pharmacolosj-, Duke University School of 
Medicine, Durham. 


20 



IlKHNIIEIM : INTEKACTION’ OF VITAMIN'S AND DRUGS 


21 


in thyroicl-fcd rats, and is helpful in the preojicrativo treatment of Graves’ 
disease.^* Conversely, tliyroid fcedin" increases tlie thiamin re(piirement of 
dogs’^ and depletes the thiamin in the kidney and liver of rats.’^ 

(h) Interaction unth Acctijlcholine . — The central nervous symptoms of 
beriberi can he explained by the disturbance in j^yruvic acid metabolism. Tlic 
edema can also be explained on this basis because the pyruvic acid metabolism 
of the kidney, and conseciucnlly kidney function in general, is very sensitive 
to thiamin deficiency.*'^ It is difficult, however, to explain on this basis the 
loss of appetite, achlorhydria, loss of tone in the gastrointe.stinal tract and 
arterioles, and tachycardia, espceiatly as ]tyruvic acid in concentrations found 
in beriberi has no toxic action,*'* The following experiments witli thiamin and 
acetylcholine offer a jmssihlc explanation for these symptoms. (It is not the 
purpose of this review to enter into the debate on the exact function of acetyl- 
choline in nervons transmi.ssion. It is generally agreed, however, that acetyl- 
choline is ])rodnecd at most synapses and myoneural junctions, and it follows 
that a disturbance in acetylcholine metabolism will he rcficetcd in the tissues 
supplied by cholinergic nerves. The enzyme eholincst erase specifically hydro- 
lyzes acetylcholine.) 

Thiamin augments the action of acetylcholine on the blood pressure of the 
cat and on the isolated rat intc.stine.*' It sensitizes various nerve trunks to 
electrical stimulation,*" and it is liberated when cholinergic nerves arc stimulated 
electrically.*" Jfost of these effects could he explained on the bn.sis of cholin- 
esterase inliihilion by thiamin. Thiamin docs inhibit the cliolinesterase,-** 
although a relatively large concentration is rcciuired. TJierc exists the possi- 
bility that, because of physical conditions or local concentration effects, thiamin, 
m vivo, doc.s control cholinesterase activity. Its affinity for the enzyme is twenty- 
six times that of acetylcliolinc. But whatever the mcclianism of the interaction 
between thiamin and acetylcliolinc, such interaction can explain the cardiac 
find gastrointestinal symptoms of thiamin deficiency, symptoms which can be 
relieved temporarily by choline esters. Also part of the protective effect of 
thiamin in hyperthyroidism may be due to its inhibiting action on the serum 
cholinesterase, which is higher than normal in jiatients witli this disease.^* 

liihoflavin . — ^Warburg and Christian' firet demonstrated the catalytic im- 
portance of riboflavin in yeast. As a phosphate ester- attached to a specific pro- 
tein, it fonns an enzyme which oxidizes cozymasc (sec under nicotinic acid) 
^hich in combination with another protein is reduced by hexose phosphate. 
Its importance in animal metabolism was shomi when riboflavin was identified 
as vitamin G." Recent in vitro work on various oxidases of animal origin have 
shown that dinucleotide derivatives of riboflavin, rather than riboflavin itself, 
form^ important enzymes when combined with specific proteins. These dinu- 
c eotidc derivatives are decreased in the heart and liver (bnt not in the brain 
and kidney) of rats on flavin-deficient diets and arc rapidlj' synthesized when 
pure riboflavin is fed.'* The following enzymes, which are found in a variety 
0 tissues, contain a flavin dinucleotide: Diaphorase 1 and 2 which oxidize 
re need eozymase (eoenzyme I) and coenzyme IP’" and which are in turn 
ized through an intermediary hy the cytochrome-cytochrome oxidase sj’s- 
xanthine oxidase, which oxidizes xanthine and hypoxanthine to uric acid 
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and oxidizes aldehydes to aeids;' and d-amino acid oxidase which oxidizes the 
“ nonnatural ■’ isomers of the amino acids to koto acids.® Other less well-defined 
enzymes have also heen described. 

It follows that the activity of tlic.se enzymes should he diminished in flavin- 
deficient animals. This lias heen shown in the rat for xanthine oxidase and 
d-amino acid oxidase.® The over-all oxygen u])take of tissues taken from 
flavin-deficient rats is, however, little affected, with the exception of the dia- 
phragm which is increased 30 per cent'" and the skin which is decreased 37 per 
eent.“ This latter finding may account for the characteristic alopecia and 
dermatitis in rats and the cheilosis and seborrheic lesions in man.^®’ The gen- 
eral weakness, fall in body temperature, sudden collapse in deficient dogs,”’ ” 
and lack of growth in rats and chicks’" can conceivably be explained by the 
impairment of certain essential oxidases. It is more difficult to explain the 
cataract’’ and corneal vascularization'® in rats, the iiitc.stinal hemorrhage,” 
and degeneration of the axis cylinders in the iiosterior columns in dogs'® on 
this basis. These symptoms may be the indirect expres.sion of a general meta- 
bolic disturbance. There is also no explanation for the effect of riboflavin on 
the regeneration of hemoglobin in the anemic dog.®" 

Xicotinic Acid .- — Warburg and co-workers' first demonstrated the biologic 
importance of nicotinic acid when they showed that its amide was part of a 
compound containing as well two pentose, one adenine, and three phosphate 
molecules. They named this sulxstance coenzyme II and showed that, in com- 
bination with a specific protein, it formed an enzyme which oxidized a hexose 
phosphate. The sugar was oxidized by reducing the coenzyme which in turn 
was reoxidized by an enzyme containing riboflavin (see under riboflavin). 
Nicotinic acid amide was then shown to be a ])art of coenzyme I®’ “ which dif- 
fered from coenzyme II in having one less phosphate molecule and which was 
identical with cozymasc, the substance that Harden and Young’ many years 
previously had shovii to be essential for the fermentation of yeast. One or 
the other of the coenzymes has been found to be essential for the oxidation of 
important metabolites, for example, lactic acid’ which requires coenzyme I- 
(The oxidation of lactic acid thus needs a nicotinic acid derivative, which m 
turn needs a riboflavin derivative, and the pyruvic acid formed from the lactic 
acid then requires thiamin for its oxidation.) 

When nicotinic acid was found to be the specific cure for black tongue m 
dogs" and for pellagra in human beings,’"® the possibility arose that some of 
the symptoms might be explained on the basis of a low coenzyme concentration 
in the tissues, with a consequent impairment of metabolic jiroeesses. Since no 
chemical methods were available for the estimation of the normally very small 
amounts of coenzymes present in tissues, Kohn’" devised a biologic test based 
on the fact that H. parainfluenzae required coenzyme I and/or II for growth. 
Although this test seems specific for the two coenzymes, there remains the pos- 
sibility that other similar, but as yet unlaiown, compounds may act as growth 
factors for these bacteria. With this method, the normal coenzyme value of 
human blood was determined, and it was shown that all the coenzyme was car- 
ried in the corpuscles. The value for pellagrins was within the normal range. 
This was confirmed later in a larger series of cases,’® and Axelrod and asso- 
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cintes’-' obtniiu'd similar itsuUs. The low valurs ohtaiiu-d by Viltor, Viltor. 
and Spies” far ])ella'^riDs ininlit be (‘xplniiiod by llu-ir use of (liffereiU baelcria, 
or by the fact lliat tlicir ros\ilts were expressed in terms of wliole blood instead 
of cor)>uscles. Kohn was also able to show llinl the J)ral administration of nico- 
tinic acid rapidly raises the eoenzyine eoneeiitration in the red blood cells of 
normal subjects and pellajirins. 

Furtber investiixation of this findinir'* showed that buman corpuscles were 
able to synthesize coenzyme from nicotinic acid in vitro and that they were 
then able to oxidize lactic acid more rapi<lly. The inability of Vilter, Vilter, 
and Spies”' to obtain this synthesis of cociizyme from nicotinic acid with washed 
cells is ex])lained''' by the fact that their method of washing definitely injures 
the colls. 

The fact that the blood of human pellajrrins showed no mai'ked variation 
from normal in coenzyme concentration made it necessary to study the concen- 
tration in the tissues. For this the black loii<'tie dojx was used.” It was found 
that the eoonzymo of the liver was reduced 70 per cent and that of striated 
muscle 3.7 jjor cent in black tinijme. but that otliei- tissues had normal values. 
These results, whieii were confirmed by Axelrod and associates,” indicate that 
the liver was .sacrifieintr its store of coenzyme to nmintain the level in other 
tissues. The oxypen uptake of the is(dated liver tissue was, however, increased 
37 per cent (sec oxyjren uptake of diaphrairm in rihofiavin deficiency). 

Xo symptom of black tonirue or pcilajrra can be directly explained on the 
basis of im])nired metabolism caused by ilcficiency iu coenzyme. It i.s always 
possible that tlie symptoms are an indirect expression of such an imiiairnicnt, 
but the in vitro results leave open the possibility tliat nieolinio aeid may have* 
other functions in the body. 

Tlic concentration of coenzyme in the blood has been measured in a variety 
of diseases. It tends to be low in diabetes'--”' and bi^b in ])novimonia,” but 
d IS normal in cardiovascular and y:astrointeslinal disturbances.” It is very 
low- in tumor and embryonic fissne.-**’ '' 

^ tfdmin A . — Of the various aetions of ^^lami^ A in the animal, the only 
Olio tliat lias been elucidated by in vitro experimentation is its action in the 
eye. The relationship of diet to ni^bt blindness rvas recognized by a mimber 
of investi^^ators, but was clearly slated by Bloch.* Fridericia and Ilolm^ and 
IIolnF w-ere able to show that the rcfnoncratioii of visual purple after bleaching 
jyth light took place moie slowly in vitamin A-deficient rats which w'ere night 
> md. The normal pig eye was tlien found to be one oj* tiie richest .sources of 
'damin A* The correlation between a low concentration of vitamin A in the 
’ ood and night blindne.ss in human subjects w-as made by'Sie.'^ Numerous 
adaptation tests have been inadc"’ " in an attemjjt to use thi.s as a measure 
0 Mtamin A deficiency, and it has been showm'' that administration of vitamin 
^ to human subjects deficient in vitamin A causes rapid improvement in their 
dark adaptation. 

The exact part that vitamin A plays in rod vision and its relation to rhodop- 
sin (visual purple) was first elucidated by AVald.'’’ *” He was able to show that 
'e follow-ing cyclic mechanism occurs. Illumination rapidly bleaches rhodop- 
sm e\en in solution extracted and separated from the retina, and the yellow 
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pigment retinene is formed. Some of the retinene can be directly reconverted 
in the dark into rhodopsin, bnt some is converted into -idtamin A. Tliese two 
reactions occur to a slight extent in solution but take place readily in the iso- 
lated retina. The vitamin A formed is then sloivly reconverted into rhodopsin. 
This reaction, however, occurs only in the intact eye, where rhodopsin, retinene, 
and vitamin A are all loosely combined with protein. 

This mechanism explains not only the night blindness in A deficiency, but 
also the rapid dark adaptation following an intense flash of light on the dark 
adapted eye. During the short flash, a large amount of retinene acciimnlatos, 
but relatively little is converted to vitamin A. In the dark, retinene is rapidly 
converted into rhodopsin. After long illumination a steady state is reached 
ivith a small amount of retinene and a relatively large amount of vitamin A 
■which is now the main source of t he rhodojisin. Since this conversion is rela- 
tively slo^w, dark adaptation after prolonged illumination should be .slower than 
after the short flash, and experimentally this is found to be so. According to 
the Janesos,” the pigmented epithelium converts vitamin A into rhodopsin 
ivhich then migrates into the rods, and retinene migrates from the rods to the 
pigment cells -where it is converted into vitamin A. 

AVald^- -was also able to show that mammals and salt-water flsh use vitamin 
Aj, whereas fresh-water fish use vitamin A„ in their visual cycle. The differ- 
ences in the absorption bands of A, and A, ai'e carried over -when they are con- 
verted into rhodopsin and porphyropsin, respectively, and into retinene 1 and 
2. From the chick eye, which is almost completely made up of cones, "Wald^ 
has extracted another pigment, iodopsin, which is also a protein-carotenoid 
complex. It seems probable that vitamin A plays some part in the cones of 
the human eye, as .several investigators*’ have found that cone and rod 
thresholds vaiy in the same way in vitamin A deficiency. 

PART II 

Eserine (Pliysostujmhic) cnid Prostigminc. — Dale,’ Bro-wn,- and Cannon® 
have revie-wed the evidence that the production of acetylcholine is part of the 
mechanism for synaptic and myoneural transmission. The cholinesterase, which 
hydrolyzes acetylcholine into choline and acetic acid, thus making it inactive, 
is an intimate part of this mechanism. It folloivs that any drug that inhibits 
the activity of this specific enzyme and thus alloivs acetylcholine to accumulate 
in vitro maj’^ have definite effects when injected into the animal. In assessing 
how far the in vitro effects arc jiaralleled by the in vivo action of such drugs, 
the distribution of the drug in the bod.v and the consequent inhibition of the 
esterase in situ must be taken into consideration. For instance, tw’o drugs may 
inhibit a solution of esterase to the same extent, hut when injected into the 
animal, one may cause excitation, the other depression (see beloiv), either be- 
cause their locus of action is different or because different amounts of acetyl- 
choline are alloAved to accumulate. In most ganglia, acetylcholine in small 
amounts causes excitation; in larger amounts, depression.'*’ 

Kahane and Levy,® using the single drug, eserine, showed that the effects 
of various choline esters in the body ■were potentiated bj^ eserine in proportion 
to the rapidity ivith w’hich the different esters Avere hydrolyzed by the cholines- 
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tciaso. Blit will'll .sovi'i'iil tlrutrs and one ester were used, there was no eorre- 
lation hetween the extent of tlie inhihition in vitro and the potentiating effect 
in vivo," presnniahly hecansc the drnip: varied in tlieir aliility to penetrate to 
tiic enzyme in situ. Siieii eonsiderations may also explain tlie results of Scliwcit- 
zer and AVri!;lit" wlio sliowed tlint eserine increases rellex exeitaiiility in tlie 
rat and tiiat ]irosti"mino di’liresses it. 

Bespite tins and otlier minor variations, tlie efl’ects of eserine and pros- 
tisimine injected into tlie aiiinial closely parallel the efi'eets of acetylcholine, and 
in all cases potentiate the effects of the latter. This has heen shown for the 
huraaii eye,” respiration in cats,"’ sympatliclic "an"lia,'' niaminalian sUcletal 
muscle," the hnman Rastrointe.stinal tract,’- when injected into the ventricles 
of man," and on the T-wave in the dog heart.'* Clark and Kaventos’’ have 
shown that the action of eserine on the frog heart can he accounted for quan- 
titatively hy its inhihition of the esterase. Userine and pro.stigmine, when 
injected, decrease the esterase activity of the cireiilating hlood as has heen 
demonstrated many times in myasthenia gravis. (Bov tlie literature on the 
treatment of this disease hy prostigmine, .see reference Ifi. The .symptoms of 
niyotonia are increased hy injection of prosti'gmine"). 

.1/orp7iiiif. — The effect of various eentrally acting drugs on the eliolincstcrasc 
of the hrain has heen inve.stigated.’' llorphinc and apomorphino were found 
to cause significant inhihitions in low concentrations. Because intraventricular 
mieetions of acctyleholiiie in man'' and injections into the hypothalamic re- 
gions in eats''' usually cause nausea and vomiting, it is ]K)ssihle that morphine 
and n])omorphine may produce these effects through the accnmnlation of acetyl- 
choline in regions affecting the vomiting eentei-. Kuhn and Siirles"" investigated 
other compounds of the nioridiine groiijr and found a parallelism between the 
central emetic action and the inhibitory effect on the esterase in vitro. Moreover, 
emetine was the only other drug tested that hiliihited the enzyme in e(|uivalcnt 
eoncentrations. The hlood and tissue eholineslerasc was hiliihited in the same 


way hy these drugs. Besides giving a possible explanation for the central 
enietie action, this inhihition liy morpliiue eonld also exidain its oilier effects 
m tlic body, sncli as tlie slowing of tlie licart, increase of .S[)inal reflexes, and 
spasticity of tlie intestine witli consti|>ntinn. Rcecntly, Sliinglitcr and Gross-' 
and Slaiiglitcr and Jlimscll-- liavc confirmed tlicse findings and liavc shown 
that tlic inliilntion occurs in vivo. Tlicy Iiave also sliown tliat eserine poten- 
tiates the action of inoridiino and that with small doses of eserine it is possible 
to decrease the tlicrapeutie dose of morpliinc hy half. Tliis suggests tliat sensory 
impulses may also lie mediated liy acetylelioliiic. The fact tliat strychnine-" also 
inhibits the eliolincstcrasc may explain how it increases the spinal reflexes. Its 
other effects whicli differ from tliosc of morpliinc may well lie e.xplained on the 
ifferent distribution of these two drugs in the body. 


Amines (Except Histamine), Adrenaline, and Sympathomimetic Substances. 
’ n enzynio wliich .specifically oxidizes certain amines was first isolated from 
t le liver and studied hy Hare' and Beriiheim." It was thought that tliis 
enzjnie had a protective function in the liver in oxidizing amines formed hy 
lacteriai decarboxylation of amino acids in the intestine. Tlie aldehydes formed 
lem this oxidation wliicli were no longer pharmacologically active could re- 
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enter into normal metaliolie ])roeesses. The fact that animals, in. ivliicli the 
cecnm is lariie, as in the guinea ])ig and rabbit, have large concentrations of this 
enzyme in their livers su])ports this idea, as does the fact that mescaline, the 
active principle of the Mexican cactus i Anhrilonium Icivhni), is also oxidized by 
the enzyme." In tliis case an acid is formed which is identical with that isolated 
from the urine of men fed me.scaline.'' The finding of amine oxidase in the 
brain"’ and in a number of other tissues.’’ and tlie identification of tlie adrenaline- 
oxidizing catalyst' with it" sugge.st other functions for this enzyme. 

Because of the two hydroxy groups in the ortho xiosition in the benzene 
ring, adrenaline is an autoxidizable com]iound which in oxygen is oxidized to 
a melanin-like substance. It vas thought that this oxidation accounted for the 
evanescent effects of in.iccted adrenaline. It was shown, however, that body 
fluids, such as blood and lym])lL‘' extracts of heart,” extracts of uterus,'*” and 
mixtures of amino acids,** esiiecially cysteine and glutathione,*- delay or prevent 
this oxidation. The amine oxidase, therefore, may be important for the oxidation 
of adrenaline, although its affinity for the enzyme is low.*^ The products of 
the oxidation arc etliylaminc and an aldcliydc wliieh is inactive.** The two 
hydroxy groups are not oxidized by the enzyme. It has been suggested*” that 
the amine oxidase may oxidize the adrenaline-like substances (sympathin) pro- 
duced at certain postganglionic symiiathetic nerve endings, although its pres- 
ence at such endings has not yet been demonstrated. Eiihedrine and benzedrine 
inhibit the amine oxidase,*" and it is po.ssible to explain their peripheral action 
on this basis, i.e., the prolongation of symiiathctic effects. 

The amount of central excitation jiroduced by benzedrine, ephedrine, and 
allied substances closely parallels the amount of inhibition produced by them 
on the amine oxidase in vitro.” This raises the (piestion of the function of the 
amine oxidase in the brain, klann and Quastel** have shown that aldeliydes 
formed from the oxidation of amines sucli as tyramine markedly inhibit the 
respiration of the brain. Benzedrine, by inliibiting the amine oxidase, prevents 
the production of .such aldehydes and thus increases the brain respiration and 
may thereby produce excitation. This ex]ilanation assumes that small concen- 
trations of aldehyde regulate directly or indirectly central excitation, and con- 
versely that an increase in the amount of aldehyde may lead to narcolepsy and 
similar depressed states. 


An attenijit has been made to show that the potentiating action of cocaine 
and related substances on the sympathetic system is due to the inhibition of 
the amine oxidase by these drugs.’” Inhibition has been found to occur, but 
only in the presence of exceedingly high concentrations of these drugs. It is 
possible that the enzyme in situ is moi’e sensitive. 

Other mechanisms for the oxidation of adrenaline have been suggested. H 
is oxidized to form a red pigment, adrenochrome, by certain dehydrogenases, and 
the pigment in turn is oxidized by the cytochrome .system.*” This may be the 
mechanism of the “pyroeatechol oxidase” investigated by Heirman”” and Bacep 
which oxidizes adrenaline to adrenoxine, a com]iound that lowers the hlood 
pressure of rabbits and .slows the frog heart.”* 

Histamine . — Although the original finding of Barger and Dale* of histamine 
in the intestinal mucosa raised the question of whether it was actually present 
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in tlic cell or formed by tlic metliods of extraction, il is now recognized as a 
normal constituent of most cells.® In the dog** the largest concentration of 
histamine is in the duodenum, lung, and liver, respectively. Within the cell 
it apparently has no pharmacologic action, but when released into the blood 
it gives many symptoms of shock. "With modern inicromcthods for its estima- 
tion, the concentration of histamine in the blood in various conditions has been 
measured. Blood under normal conditions contains very small amounts. It 
is increased in perfusates from the lungs of sensitized guinea pigs* and from the 
lungs of guinea pigs perftised with snake venom,'"*’ stapliylococcus toxin,' and 
peptone,® It is increased in the blood of dogs and guinea pigs during ana- 
phylactic shock®'''’ and insulin shock" and is released from tissues injured by 
various chemical and jdiy.sical agent.s." Its concentration is high in tJie blood 
of patients with migraine, asthma, urticaria, and other allergic diseases,'^ and 
when injected, it increases migraine bcadacbe, probably by increasing the pulsa- 
tions of the pinl and dural arteries."* *•* Histamine will cause spontaneous 
contractions in the isolated auricle of the guinea pig”’’ and is produced con- 
tinuously hy the dog heart," the amount produced l)eing a function of the 
work done hy the heart.'® Its production hy the normal heart, however, has 
f)ccn questioned.'® It is also produced by active skeletal muscle,®” by sensitized 
red blood cells in vitro,®' and in the skin by painful stimuli.®® 

The presence of an enzyme in tissues that inactivates histamine was first 
deserihed hy Best and ArcIIenry®® and studied hy McHenry and Gavin.®* Re- 
cently it has been studied in detail,®'**®” ami it has been showm to produce 
ammonia and hydrogen peroxide and to rociulro oxygen for its action on hista- 
nnne. It also oxidize.s cadavenne ami pulrescine,®' and the name diaminoxldase 
has been proposed for it instead of the original histaminnsc. The enzyme i.s 
rapidly inactivated by acid and by trypsin and pepsin.®”' ®‘‘ It is present in the 
tissues of most animals, and in man the kidney has more than tho liver.®® 


Preparations of the enzyme given twelve hours before tlic antigen to sensi- 
tizcd guinea pigs decreases tlic severity of the anaphylactic shook,'® and it 
has been (daimed that histaminnsc in the blood of allergic patients is lower than 


normal." A commercial preparation from the intestinal mucosa cjilled torantil 
os been used for various allergic conditions, especially serum sickness®®’ and 
h> I'crsensitivity to cold.®*’ It is given in .salol-coated pills to prevent its 
estriiction by acid in the .stomacli, and on liberation in the intestine it must be 
rnpidly absorbed into the mucosa to jirevent its destruction by trypsin. In 
10 mucosa it may lower the concentration of histamine by oxidative deamina- 
hon, and thus lower the concentration in the blood, wJiich presumably is higher 
lan normal in allergie cases. The best preparations of the enzyme act very 
s owly in vitro, requiring twenty-four hoiu*s at 37® C. to oxidize 1.0 mg. of 
amine. Any rapid improvement cannot be expected from the administration 
1 enzyme, and further work is required before its clinical value can be 
0 nitcly established. Equivocal resiilts with the enzvme have recentlv been 
^Warned.®''' 


i^eairse of lack of space, no discussion is possible of the enzymes in tissues 
ydrolyze atropine and homatropinc®' and acetanilid,®® or of the effect of 
^rious anesthetics on the enzyme systems of the brain.®'* 
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CORNZVMKS I AND 11 IN IIL'MAN BLOOD* 


S. P. ViLTnit, PnJ)., Jl. B. Kocii, B.A., and T. D. f^piKS, M.D. 
CiNTiNNATi, Ohio 


iNTiionrrriDN 


F or many years the two dietary defieieiiey diseases, eaninc ))laektongue and 
human pella^'rn, liave been rejrardod as niialojxoiis syndromes. The belief 
that Imtli of them miylit result lV<nn a defuMeiiey of the same chemical siib- 
stanpo or sul)stanecs was su])]H)rted !)y the fact tlmt the symptoms of botli dis- 
eases were relieved by tlie administration of liver extract. In 1037 Elvc- 
hjem, Gladden, Stronjr, and Woolley* isolated the amide of nicotinic acid from 
liver extract and reported that it was this substance in liver extract which cured 
Idaektonguo in dogs. Following this observation, nicotinic acid and, later, 
nicotinic acid amide were used clinically with spectacular success in the treat- 
ment of human pellagra.'’'* 

Naturally, the striking clinical results from the use of nicotinic acid and 
nicotinic acid amide in the treatment of pellagra Imvo led to increased interest 
in the respiratory cocnzyines I and 11, cozymase and eoformont,t respectively, 
which arc known to contain nic<tlinic acid amide. These coenzymes arc, by 
definition, specific organic catalysts which are relatively heat-stable, dialyzable, 
and which retain activity when separated from the living cell. Each is specifi- 
cally necessary in an enzymatic reaction, and each is produced by living cells 
from nicotinic acid amide, I'ibose, adenylic acid, and phosphoric acid. 

A general survey of the literature during tlic past thirty-six years shows 
notable advances in scientific knowledge dealing with coenzymes I and II. 
Harden and Young (1906)^ found lliat a dialyzable fraction of boiled yeast 
juice stimulated alcoholic fci'mcntation. Later Meyerhof (1918)” showed 
that these coenzymes occurred also in mnscle.s and animal organs and tliat they 
<’onld function in vitro to increase tlic respiration of fresh minced muscles. It 
'\as not until 1932, however, that nicotinie acid amide was isolated from the 
Piiiest preparations of these coenzymes.’"*” The present knowledge of the 
^ constitution of coenzymes I and II indicates that these substances 


Cincinnati Studies in Nutrition at the Hillman Hospital, Birmingham, 
went nf of Internal Mcillcliie, University of Cincinnati, and the Depart- 

reventlve Medicine, University of Texas. 

I^oundatio^n S **^*itf*'^ Rreat part by grants from the John and Marj' R- ^larkle 

cofermem coenzynie 1 will be designated ficquently as cozymase, and coenzyme II, 

codehydrorpn names for coenzynie I are diphosphopyricline nucleotide D.P.N., or 

T.P.N •, ®**^*'^’*y- other names for coenzyme II are trlpliosphopyrldine nucleotide 

\V ''0‘^elWdiogenase II. 

Sweden verj* grateful to Professor H. von Euler, Biochemlska Institutet, Stockholm, 
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differ chemically in their content of pliosphoric acid, hnt are similar in that 
both are pjmidine nucleotides whieli are indispensable for carbohydrate and 
protein metabolism. 

The principles involved in the problem of the stimulation, cessation, or in- 
hibition of cellular growth have been studied in a number of ways. It is 
perhaps wise to review briefly our present thoughts on this matter. We con- 
sider that the growth and respiration of cells, of which rapidly growing bacteria 
are excellent examples, involve the sjmthesis of complex substances from 
simpler compounds and the organization of these substances to form proto- 
plasm. The pattern of growth is attended by numerous side reactions 
and energy changes which occur at body temperatures and therefore must be 
catalyzed. This physiologic catalysis can take place only with the aid of metallic 
ions, specific enzymes of a protein nature, and certain erystalloidal organic sub- 
stances which work with the enzymes and arc designated eoenzymes. In many 
instances, coenzymes can be synthesized by lower forms of life as is true in -tbe 
case of most strains of the dysentery bacillus, tbe growth of which can actuall.v 
be used as -a measure of the amount of nicotinic acid' amide or nicotinic acid 
(eoenzjnne I and II precursors) which is pre.sent in the medium.. Other organ-, 
isms, such as the influenza bacillus, differ in that the.v require co’enzyme I and II 
preformed in order to grow. Accordingly, we can obtain a measure 'of the 
enzymatic growth factor in tested material by bacterial growth, and thus obtain 
an index of the amount of the substance present, when, and only when, the 
specific baeteriurii is unable to sjmthesize the essential substances. _ . • 

METHODS AND MATERIALS 

Since the methods for studying coenzymes I and II in the blood are not 
simple and are not always satisfactory, several methods have been tried in this 
laboratory: (1) A specific biologic method for the determination of cozymase, 
using yeast, “Kochsaft” (fluid obtained from blood and soft tissue after ex- 
traction with boiling water for two minutes), and a manometric apparatus.; 

(2) a chemical test for pyridine nucleotides, in which a colorimetric test for. 
nicotinic acid amide is used before and after hydrolysis of the test material, 
by this method the increased amount of nicotinic acid amide found after 
hydroly^sis can be calculated in terms of either cozymase or coferment (3) 
two bacteriologie methods using the growth properties of either B. influenzae 
or B. parainfluenzae^^’ for the estimation of the total concentration of co- 
enzymes I and II and possibly of unknown substances with similar properties. 

A bacteriologie method’^ has been used chiefly by us because it seemed that 
the principles concerned with the metabolism of these living bacterial cells were 
similar to those which govern the metabolic changes in the cells of the human 
body. The following detailed information concerns the method as originally 
iniblished,^'' with a number of modifications. 

The Reproducibility of the Method . — The reproducibility of the metho 
has been tested bj^ making from six to ten determinations on the same bloo , . 
using the same medium and culture. The dilutions of blood in broth vane 
from 1 :1,000 to 1 :12,000 as has been reported previousljL^'^ and the series o 
dilutions included several dilutions closely spaced near a previously determine 
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end point of prowtli. In llicsc tests, the pi-owlli ve"ularl.v stopped at the same 
dilution, as ivas determined by several observers, and tlio sliar|) end point oc- 
curred where the dilutions of blood were from 10 to la i)or cent apart. There- 
fore, the largest error possible was il5 per cent. 

Compufntions I}a:icd on Visiml Comiiarison.i. — Alon"; with the series of ex- 
periments described above, standards were jircimred from ton concentrations 
of von Euler’s purest cozymasc (0.01 to 0.003 /nr. lier cubic centimeter in the 
basa) medium), and the tubes were inoculalcd from the same culture. After a 
twenty-four-hour ]>eriod of iucubation, the tubes containinj? the eozymase 
standards and the test determinations on blood were examined visually before 
a divert lipht. The tube that contained the hitrhest dilution of blood which 
supported visible "rowth was matebed with the tube eontainiii" cozj-mase stand- 
ard most nearly identical in ojitical density. The blood dilutions factor, e.g., 
S,000, was multiplied b.v the eoneentration of eoz.i’mase, e.g., 0.005 /ig. jicr 
cubic centimeter, in tbc selected standard, and the result expressed as cozymase 
equivalents ])cr euhie centimeter of whole blood (40 /ig. jier cubic centimeter). 
Next, from five to ten determinations were made on blood samples from seven 
nOrm.al persons, and the results were compared with a cozymase standard as 
before; The average error of these determinations was ±8 per cent. 

The term “eozymase eiiuivalents’’ has been used'' to indicate that all the 
coenzynie-liko substances in lllood which function as factor V for Hemophilus 
psrainflucnzac can be calculated arbitrarily as eozymase cijuivalcnts. AVe have 
adopted this estimation for the dotenninalion of coenzymes I and II with the 
influenza bacillus.' Tliis calculation Is useful, but tlie jiroof that coenzymes I 
and II can act interchangeably in all reactions and to the same extent as growth- 
limiting factors (factor V) for H. paroinfluenzne and H. influenzae is inade- 
quate; that is to say, in the pro|>er medium (lacking only these cocnzj’ines), and 
within certain ranges of concentration, the extent of growth (or more properly 
the rate of reproduction) of a twenty-four-hour culture of either of these or- 
ganisms is dependent upon the quantity of either coenzyine, I or II, that is 
present. 


. Jlecovcnj of Cozpnia.se . — In assaying the recovery of eozymase, the end 
point of growth in a normal blood was determined first in the routine manner. 
Twenty-four hours later another sample of the same blood was tested. The 
procedure for each sample was to prepare three laked solutions of the blood ; 
the first was dcprotcinized*'' without any further additions; to a second, 10 or 
20 pg. of eozymase were added ju.st before the sample was deproteinized ; and 
to a third, 10 or 20 pg. of eozymase were added after the deproteinization. In 
six series of determinations where the dilutions near the estimated end point 
of growth were from 10 to 20 per cent apart, the end point of growth was the 
same whether the eozymase was added before or after deproteinization. The 
■a ded eozymase which was recovered from different visual or photometric de- 
terminations varied from 80 to 95 per cent with several samples of eozymase. 

Calculations Based on Phoionietric Comparisons. — As in the visual com- 
Pai i.son of bacterial densities, photometric studies of the relation of the growth 
a B. influenzae in autoclaved hemopeptonc broth (which contains added 
ematin) have shown that only in a limited range of concentrations is the 
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growth proportional to the concentration of pure cozymase added. Even though 
there is blood present in the basal autoclaved medium, other factors affect the 
density of bacterial growth since large concentrations of fresh blood support a 
more luxuriant growth in the autoclaved blood-peptone broth than does an 
excess quantity of cozymase. In the liigher dilutions of blood which support 
gro'wth, however, the influence of these secondary factors appears minimal. 
Therefore, we consider the end point of growth to be a most sensitive test for 
the eoenzymes (Pig. 1). As was suggested by Kohn’® for his standard yeast 
extracts, we have found that photometric comparison of the density of bac- 
terial growth in dilution of blood with the turbidity of bacteria grown in 


BLOOD OF A NORMAL PERSON SUPPORTS GROVVTH 
OFB. INFLUENZAE TO /(.ooo OR /aooo IN 
HEMOPEPTONE BROTH 



HCT40 

SHADED AREAS = 
TURBIDITY DUE 
qo BACTERIAL GROWTHy 


BLOOD OF A CLINICAL PELLAGRIN SUPPORTS 
GROWTH OF B. INFLUENZAE TO /zdoo OR /4ooo 



HCT4I 


Pis'. 1. — Each row of tubes shows Uie sharp end point of tlie growth of .p. 
which is supported by dilutions of blood in autoclaved hemopeptone broth. The msi i 
of tubes contains aliquot portions of blood from a "normal" person, and the secona » 
comparable portions of blood from a patient with clinical pellagra. 


standard cozjmiase solutions (0.01 to 0.003 fig. per cubic centimeter of basal 
medium) has simplifled the determinations and recoveries of the coenzyme 
equivalents in blood. A curve of the optical densities plotted against the con- 
centration of the standard cozymase solution is of value, however, only for the 
day of the test, for the culture of B. inftuanzae varies slightly from daj^ to day 
We recommend either the preparation of t%vo cozymase standards* each daj 
to compare with points on a concentration curve so that the value of the 
cozj^mase equivalents in a dilution of blood which supports B. influenzae can 
be interpolated from the curve of turbidities and multiplied by the dilution 
factor to obtain the cozymase equivalents per cubic centimeter of blood, or a 
determination on “normal” blood. In the latter case one can use the calibra- 
tion curve only for relative comparison. 

Normal Values . — Values obtained in normal blood for ai’hitrary cozjnnase 
equivalents, determined by the two hacteriologic methods of estimation, are o 

•At the suggestion of Dr. A. E. Axelrod, the standards were kept frozen. auO 
found that under such conditions, they were more constant than at the temperaiuit: 
refrigerator. 



VILTKR KT M..: COKXZYMl^? I AND II IN HUMAN lU.OOD 


35 


Tai-.i.k I 
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32 

70 



28 

01 




“Nornial'’ a\ciu(;c of cozymasc oquhiilrnl^ |mt cubic c^’iitlructer of wliole blood « 51 
or 3.1 mff. Der cent. 


A.. A nvfratjc of cozyniHsc cqulv.alcnt!* per cubic centimeter of pnckwl cells *» 05 fiB; 

o« li.i) ms. per cent. 


nomewlial simUar ordci* ol! inn'inUtuk*.'* Tlic viilues obtnincil here arc remark- 
ably consistent for any individual blood, nsinji any sinjrlc rozinnasc standard. 
We have found by the dilution and end imint method and by photometric eom- 
panson of cozyma.se standards witli the jrrowth in liiglicr dilutions of blood 
that normal values range between 20 and 50 /ig. of cozymase equivalents per 
cubic centimeter of normal blood, and between 55 and S5 /tg. per cubic centi- 
meter of packed cells. The normal values, shown in Table I, have been obtained 
by photoelectric comparison in the Evelyn colorimeter of the growth of B. in- 
fluenzae in accurately prepared serial dilutions of blood and in aliquots of a 
standard cozymase solution, Tiie higher dilutions were used for the calcula- 
tions, to minimize the effect of other growtli-stimiilating factors in fresh blood. 
Blood from a normal i>ersoii was tested under identical conditions as a control 
lor the experimental determinations. 

CLINICAL APPLICATIONS 

1- Pellagra . — In 1939, at the Hillman ITaspital Nutrition Clinic, coenzyine 
studies with a bacteriologic method*® were made upon 145 selected cases of 
pellagra. Similar studie.s have been made upon 45 patients so far in 1940. 
i ost of the subjects were ambulatory and subsisted on the deficient diets which 
typical of the pellagrins in this clinic. For the purpose of special observa- 
s, some of these patients were hospitalized and maintained on glucose and 
These eases were selected for studj' because it was believed that they 
'\ere deficient in nicotinic acid and might be lacking in the dinueleotides, co- 
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enzymes I and II, which contain nicotinic acid amide. In these studies, it was 
observed that the degree of the deficiency of coenzymes I and II in whole blood 
and in packed cells did not parallel the severity of any one of the pellagrous 
symptoms, but in general paralleled the clinical state of the patient. There 
were, however, a few noteworthy exceptions. Table II shows the results of the 
initial assay of 45 clinical and subclinical cases of pellagra and indicates that 
in pellagrins there is a decrease in the content of the coenzjTne grovdh factor in 
the whole blood. In the anemic patients, there frequently is an apparent com- 
pensation for the lack of cells, so that the total coenzyme value per cubic 
centimeter of cells is much higher than in normal red blood cells (Pig. 2). 


COZYMASE. 

EQUIVALENTS 


.'lEMATOCRIT 



LQ 


LD 


RS 


Fig. 2. — Relation of cozyniase equivalents in whole blood and in 
Figs. 2, C, and 7 illustrate the various ways of considering the cozymase eqw\a - 
in blood. In this figure, the cozymase equivalents in the whole blood of three » 

essentially tiie same, whereas the percentage of packed cells varied in the three 
shows three cases where there was paralleli.sm in the content of cozymase 
whole blood and in the percentage of packed cells. In contrast. Fig. < shows inar. 
the same percentage of red blood cells in the blood of three persons, the cozymase equn» 
in whole blood may varj- considerably. These findings suggest that it is best to von 
the coenzyme content of the blood as a functional unit rather than to set up aro 
standards which may not always correlate with any particular determination of tne 
elements of the bloo<l. 


In many of our mild eases the results arc consistent with the results of 
Kohn and Bernheim,’" who found that, in nine cases of pellagra, the eoncentia- 
tion of cozymase equivalents in packed cells was “only moderately low.”® 
if one compares the results in Table II with those in Table I, he sees that the 
concentration of the coenzymes in the blood of persons with optimal nutrition 
is consistently higher. It is to be noted also that nicotinic acid therapy produces 
clinical improvement, that it never fails to increase the content of the b oo 
coenzymes in persons with uncomplicated pellagra, and that the ingestion o 
nicotinic acid by normal persons also increases the concentration of these su 
stances in the blood. 

2. Diabetes MelUtns . — Some years ago we learned that the adniinistiation 
of large amounts of glucose over a period of weeks to chronic pellagrins pie 
disposed many of them to a recurrence of their disease. This observation, to- 
gether with the knowledge that patients with diabetes mellitus not infrequen 
have pellagra, suggested that the metabolism of glucose is associated with le 
antipellagra factor and that patients with diabetes mellitus should be selec e 
for a coenzjmie study. 

•Our experience with the culture of H. parainfluenzae has been 
normal and pella^ous blood. The particular culture of H. parainfluenzae for ^jensit}' 

indebted to Pr. Kohn is -well suited to turbiditv measurements in our bands, but ^ to 

of growth is ppportional to the concentration 'of cozjmase only in a bmited ^yiture 

0.003 This finding is similar to the observation which we have made using o test 

of K. influenzae. For that reason we believe the highest dilution of blood usea in 
to be the best index of the coenzyme content. As parallel studies using both m«ti 
not always given comparable results, further investigations are in progress. 
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Yawlk II 

VaIA’F.S or COKN7.YMKS I AN1» II IN' Bl.OOU OK PkI.I.AORINS 
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47 tip. 

ii.i.fi fig. 

,S!I 

IS Mg. 

59 Mg. 

11.3 Mg. 



Miujt! Djooii, or 1.72 niff, por cent. 

Daotp.i o«iulvi\lcnl5 of 45 cnsc.*» of pcUnsm » 5^ MK- Per cubic centimeter of 

Rjv, “ “ ”*■ 

clinical I5i. tlil-iniln «lcnclcncy. Nicotinic acid clcnclency. +-, sub- 

> i^Kra ; nilld relapse; ++, moderjitc relapse; +++. severe relapse. 


Ten cases of extreme dialietic .ncitlosis, in juklition to tlie tliree previously 
Joported/® were tested (1) before insulin therapy, (2) after insulin and glucose 
'3 been injected and the patients liad regained consciousness, and (3) again 
&^ter they Were “regulated” on a dialietic diet ivithout special vitamin prepara- 
tions. The red blood cell count of these patients on admission ranged from 
'^>500, 000 to 6,000,000 per cubic Tnillimcter because of dehydration; the bemato- 
tallies were above 50 per cent. In contrast, the coenzyme content of the 
j low on admission, with an average limit of growth in a dilution of 

»000. "When the patients were “regulated” as to diet and insulin reqnire- 
*^^cnt, the red blood cell counts and hematocrit readings were lower, and the 
^ content of the whole blood was increased so that the average 

1*600^^ after successful regulation of the same seven patients was 

• ’ • Kohn and Ilernheim*" ha^'e reported partial confirmation of this ob- 

1 ‘csult of their study of 23 regulated diabetic persons not in a 
• a e of acidosis. In a more recent study, Sydenstrieker, Geeslin, and AVeaver''’ 
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have shown clinically that a very delicate balance exists in certain diabetic 
persons who have subsisted for long periods of time, on inadequate and im- 
balanced diets and who have frequent bouts of active pellagra. The use of in- 
creased quantities of insulin and glucose in these patients induced an exacerba- 
tion of their pellagrous symptoms. 


Dilutions of Blood 



daqs 


Fig. 3. — Maximum blood dilutions of a patient with chronic lymphatic leucemia supporting 
growth of B. influenzae. This figure illustrates the low values for the coen 2 :>'nie I ana li 
content of the blood of persons who have severe leucemia. This particular patient bad a 
^ectacular increase in the coenzyme content of blood following oral administration of yea^^ 
This increase paralleled the patient’s greater strength and sense of well-being, 
there were no demonstrable changes in the number or charactci* of the cellular elements as 
seen in blood smears. 


3. Leucemia . — Studies of the blood coenzyme values of patients with 
lymphogenous and myelogenous leucemia liave not led to conclusive or con- 
sistent results. In 23 of 27 cases studied by us, tlie coenz.iTne values were found 
to be lower than normal, as was described in an earlier study.“° In four se- 
lected cases of lymphatic leucemia, nicotinic acid, administered orally or intra- 
venously, repeatedl}' failed to increase tlie level of the coenzjTues. In three of 
the four cases the dail_v simultaneous injection of 25 mg. of nicotinic acid and a 
mg. of riboflavin induced a slight, but temporary, increase in the coenzyme 
level, but the oral ingestion of from 60 to 100 Gm. of brewer’s yeast daily im 
creased and maintained the coenzyme level for weeks (Pig. 3). Of these 27 
cases, one patient, H. G., was admitted to tlie hospital with moist sores around 
the lips of several weeks’ duration. After riboflavin (5 mg. daily) was given 
intravenously for five days, the sores liealed and never returned throughout a 
six weeks’ period of observation. Another interesting case in tliis group vas 
P. H., who, when admitted to the hospital in extremis, had coexisting clinical 
pellagra. These two persons were the only ones of the group of 27 who showed 
clinical'eviclenee of a specific vitamin deficiency. 

4. Fneumococcal Pneumonia . — A recent reporP^ of 20 cases of pneumo- 
coccal pneumonia, which were studied before and after serum or sulfapyridme 
therapy, has shown that 17 of the 20 patients studied had blood eoenzjme 
values which were below the lowest normal limits found during a simultaneous 
study of 50 normal persons. The low values rose spontaneously to normal m 
these 17 patients following the crisis of their disease. 
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5. Uocntycn Sickness . — The stmly of the coDiizyinc content of blood was 
extended to ))ei-sons who experienced acute hut teiniiorary roentgen sickness, 
hecausc it had been ohserved“= some time ago that jicojile receiving therapeutic 
closes of roentgen rays excreted abnormal (piantitics of a ])orphj'rin-like pig- 
ment after cx])osnre to the radiation. Studie.s on 10 selected jiatients receiving 
couises of deep roentgen thcraiiy have shown a rapid decrease within twelve 
hours in the coenzyme I and II content of whole blood which was not associ- 
ated with any change in the hematocrit^’ (h'ig. 4). Nornnd levels per cubic 
centimeter of blood M'cre obtained, however, on the.se same patients from twenty- 
four to thirty-six hours after the exposure. Unpuhlished results of Bean, 
Vilter, and Spies have shown that roentgen radiation of blood in vitro did not 
cause a decrease in eoenzyme content. 


Difutiona 

o{ blood 



two the docrcn.so In the eoenzyme I and 11 concentration of the blood of 

In dh persons following roentgen thenipy. as sliown by the growth of /?. infliicnsae 

Quot dilutions of blood In licmopcptonc broth. 

DISCUSSION 

It has been sliown in two laboratories*®* that nicotinic acid or nicotinic 
3cid amide, given orally or intravenously, increases the measurable concentra- 
bon of coenzymes I and II in the blood of normal people and pellagrins. Along 
'^ith the increase in the blood, there is a concomitant increase in the normal 
cj^cietion of nicotinic acid and of coenzymes I and II in the urine. In this 
low values for coenzymes I and II liavc been observed in the blood of 
Gcted patients with pellagra, diabetes mellitus, acute pneumococcal pneu- 
monia, and roentgen sickness (Table III). Those findings suggest that the ad- 
^^■nistration of vitamin B concentrates or nicotinic acid to persons with other 
‘^oute infections or metabolic disturbances might well be evaluated clinically 
a large number of oases. The use of nicotinic acid is accepted in the treat- 

of pellagra and has been suggested in certain cases of roentgen sick- 
ncss^*' 24 1 ° 

‘"ina untoward sulfanilamide reactions.®® 
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Table III 


Twenty-Four-Hour Growth of B. Influenzae in Dilutions of Blood in Autoclaved 

Peptone-Blood Broth 


— 
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pneumococcal pneumonia, diabetes mellitus, lymphatic leucemia and roentgen sickness 
ing nicoLnic acid, sulfapyridine, insuiiii and well-balanced diet, riboflavin and yeast, 
lively. Controls were made, adding" cozymase to the same samples of blood, and mo 
normal persons was used as an additional control in every instance. 


FACTORS WHICH OPERATE TO DISTURB NUTRITIONAL BALANCE AND TO AFFECT THE 
COENZYME I AND II CONTENT OF THE TISSUES 

External and internal causal factors associated with the development of 
dietary defieiencies are detrimental to the proper physiologic function of th® 
body. The most frequent cause of nutritional deficiency disease is a decreased 
intake of vitamins and other nutritious substances. In addition, some peisons 
develop deficiency diseases because of faulty assimilation, even though tlie 
dietary intake may be adequate. Particularly in these persons does the con- 
tinuous excretion of nicotinic acid and other vitamins operate against tlie» 
general well-being. Excessive exercise taxes their strength and appears to 
precipitate relapse and clinical manifestations of deficiency disease, wheiea 
acute infection and fever place still greater demand for vitamins upon i 
body. It appears likely that some of the same infiuences operate against i 
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imtritioiiiil licalth of a “iiormar’ pci-soii, 1ml bciipficial mcclianisms act more 
efficiently and against lesser odds and tliiis succeed in niaintainin" llie homeo- 
static Cfinilihrinin. 


rACTORS WHICH OI'KRATK TO MAINTAIN NUTRITIONAL nALANCR 

Even as there are conditions which upset nutritional e(|uilihrium, fhcrc 
prohahly are ns many factors which function to iirescrve the iihysiologic hal- 
ance. Ijoui; lieforc the ctioloL’y of pelhipra was in any way understood, rest in 
hed was advocated as the host treatment for the disease. The effect ivenc.ss of 
tins treatment is still observed, for a certain iicrcentaye of pellayrins in mild 
relapse, when piven rest in bed without specific medication, return temporarily 
to apparent nutritional balance. Coeuzyme I and 11 studies have been made 
on such cases, and it was found that the initial concentration of coenzj'mes I 

effect of rest in Bed 


Dilutions o| Blood 



vkhn the Inltftil low coenzynic I nntl II content of the blood of a pellagrin 

of Incioane to normal IcMda following real In bed and a caloric rnamtenance 

type of ob5cr>'atlon atrlkliigly Illustrates the necessity of considering the 
patient from n physiologic point of view. 


^iid II per culjic centimeter of lilood increased spontaneously along with the 
clinical improvement that occurred in 30 per cent of the patients who were 
liospitalized and maintained on glucose and water without specific therapy 
pi?. 5). Similar phenomena occurred during the initial treatment of persons 
diabetic coma, for no nutrients, other than saline and glucose, were given. 
Since it was thought that the presence of interfering substances had been ruled 
out by the addition of standard eozymasc solution to blood control tubes, the 
observations suggested that in these eases there was sufficient storage of nicotinic 
acid and the eoenzymes in various tissues. The observations of other workers 


seem to support this theory in certain particulars, for the studies of Axelrod 
and Elvehjem^'® and of Kohn, Klein, and Dann®" on dogs with blacktongue, 
and the unpublished detenuinations of Axelrod on the cozymase content of 
•’ e etal muscle in human beings with pellagra in relapse have shown that the 
of these coenzymes, particularlj’ cozymase in the blood, brain, and kidney 
cortex, remains at a fairly high level in blacktongue, although it decreases in the 
ver and muscles of dogs with blacktongue and in the muscles of human beings 
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MTtli pellagra. It seems that there is protective homeostatic control of the stor- 
age and distribution of these vital substances in the cells. The process miv 
carry on for the benefit of some organs and at the expense of others, and the 
equilibration becomes more difficult as the stores of these eoomvme precursors 
are depleted. ' ^ 
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Piss. 6 and ,. Variations in content of coz.vmase equivalents of red Wood cells. 

FACTORS concerned WITH THE CONCENTRATION OF COENZYMES IN WHOLE 
BLOOD AND PACKED CELLS 

flip nip't been considerable question as to the most preci.se method of expressing 

fhporipa these blood coenzymes, principally becau.se of different 

should ip 1 formation and function. It has been suggestedi= that the calculation 

of Tiopi-pr! fbe concentration of cozyma.se equivaJent.s per cubic centimeter 

calciilntp/I these coenzmnes are largely intracellular. Cozymase equivalents, 

blond p u rnanner, appear to compensate for differences in the total volume of rei 

, ^ f during any clinical .study. It pre.suppo.se.s a constancy of ah 

actor.s other than the hematocrit values (percentage of cells per volume of blood) and 
_ s mes that coenzjraes are .synthe.sized and used only in the individual cells in rvhich 
thej are contained. It assume.s also that the nicotinic acid amide in ti.s.sue fluids and the 
coenzymes of the cells are in constant equilibrium which is unaffected by changes in the 
number or size of the cells. Such a consideration would seem to exclude the possibiiit.v 
of anj transfer of preformed coenzyme. The presence of these coenzjTne-lihe substances 
in lac ena ree res urine, however, requires some e.xplanation and further investigation 
of the extracellular existence of these sub.stanee.s. Studie.s of the excretion of thc.se .‘=nh- 
stances suggest either a diffusion of these coenzjm.es which may be protected in some no.'' 
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from dc'Jtruction by t]io iiucleolitinses of the pcnini, or j5yiit}i0‘'is and fiocrction of co- 
enzymes by tlie cells of the kiduoy tubules, for nornmJ, frcslily voided, storilo urine con- 
tains about one to ten times ns mnny cozynmse equivalents ns does blood plasma. Little 
is known about the relative solubilities of the difTofent nutipelbiRric substances, their 
rates of difTusion, or their selective uptake by different types of colls. The in vitro 
s.vnlhcsis of the coonzynies in whole blood from nicotinic acid or nicotinic acid nmide^s, 20 
shows that some of these substances can enter celhs, and it is known^o that coz^Tna.se is 
taken up from a niediuru withiu cijjht secoiidji by bacteria which require it for fjrowlh. 
The rate at which nicotinic acid amide or the cocnzynies leave cells, however, is not 
known. The very small quantities of coenzymos in the scrum suggest that many factors 
control the distributiorj. 

An alternate method of cxprcs«5ing the concentration of the.se coenzymes in the blood 
is in units per cubic coiitiinctor of whole blood. The reasons for thi.s are sot’cral; (1) In 
anemias of uncomplicated blood loss, cor.ytna^ti equivalents per cubic ccatimcter of whole 
blood are usually within the normal range, while \'alucs per cubic centimeter of colls are 
usually high. (2) Some pellagrins with anemia have low values for tho coz 3 *mnse equiva- 
lents in whole blood while these values per cubic centimeter of packed cell.s raaj* bo ivithin 
the norainl or high range. In contra.st to this, pellagrins with normal hematocrit read- 
mgs tend to have low values per cubic centimeter of cells as well as per cubic centimeter 
of whole blood (Table 11). (3) There is no evidence that the coenz^uno content of the 
red blood cell is proportional to cell size. It is labile anti in most cases seems to bo do- 
termined chiefly by tho concentration of the nicotinic ncid in the surrounding fluid, for it 
has been shown'S. Jo that tho red blood cell can almost double its coenzymo contoui follow- 
ing the ingestion of nicotinic acid. It appears to us that a calculation using the hemato- 
crit reading as reference is based upon three or more variables: the concentration of 
coenz^ttics in the red blood cells, tlio size of the cells, and the number of red blood cells. 
These may vary independently and in direct or indirect proportion (Figs. 2, 6, 7), 


SU^tMAnY AND CONCLUSION’S 

1. Ill an extended study of mixed deficiency diseases, it has been observed 
that the concentration of tiic su!)stanccs in wiiolc blood which have the growtli- 
stimulating properties of tlic pyridine luicicotides for tiie influenza and para- 
influenza bacillus is lower in persons suiisisting on deficient diets than in normal 
persons on optimal diets. 

2. Low values for the coenzyme concentration of wliole blood have been 
0 served also in diabetes mellitus, Icuccmia, roentgen sielmcss, and pneumococcal 
pneumonia. 

3. The concentration of these coenzymes in the blood of malnourished 
persons was decreased also by exacerbations of the deficiency symptoms, con- 
current infections, and fever, or by excessive physical exercise. When these 
patients improved clinically either after rest in bed, improved dietary intake, 
01' specific medication, a parallel inci*ease in the concentration of these eo- 
enz>-mes in the blood was observed. 

4. These studies suggest indirectly that coenzymes I and 11 in the blood 
are in homeostatic equilibrium with the acid amide and the same coenzjTnes in 
the other tissues of the body. 
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TT IS im])ossil)U>, in a slinrl artielo, to coverall tlie plinscs of clinical laboratory' 
A determination of vitamin nutrition, to j'ive anytbin" approacbing a complete 
})il)lio*;raphy of the s\il)jcct, or to discuss in detail conlrovci'siai matters. ‘With 
the introduction of siini>lc methods for analysis of a.scorhie acid, clinical labora- 
tory diafinosis of vitamin nutrition bcjian to he possil)le and its importance is 
increasingly recognized. Scurvy was formerlj' considered a rare disease. It 
has been surprising to find how many people have l)lood levels of ascorbic 
acid in or near tlic range at which clinical scurvy oeeur.s. Likewise, when 
attention is paid to the symptcuns which have been known to occur in classical 
pellagra and to the lessor objective manifestations of it, the number of patients 
whose symptoms may bo alleviated ]»y the administration of nicotinic acid or 
the vitamin B complex has been remarkable.* 


Our position in respect to vitamin dcncicncii*s is now much the same as 
that of clinicians in respect to thyroid disease l)ofore clinical observations 
could be chocked by basal molabolie rate determinations. The more extreme 
deficiencies usually can be recognized, but for eaeli one of these there arc, pre- 
sumably, many cases of less apparent deticicuey disease causing ill health. 

Tlic development of means of laboratory diagnosis of deficiency for many 
vitamins does not now appear to he as simple a problem ns it has been for 
vitamin C. It may be cxi)ccted, howevci*, that means will be found. Tlien many 
cases of ill health of obscure cause may be explained. Jinny patients who arc 
now commonly called psyohoncurotics may receive a different diagnosis and 
juore appropriate treatment. The lesser symptoms of deficiency disease may 
ecoine familiar enough so that j)atienls may commonly be given appropriate 
supplements without laboratory tests. Jlorc will be learned of the effects of 
Vitamin deficiency on body function, such as the i)arallelism between the ascorbic 
acid and the complement activity of tlic blood oliscrvod by Eckcr and Pillemer^ 
m two scorbutic patients during treatment. The levels of vitamin nutrition be- 
>ond which further imjirovemcnt will not benefit the individual mav be de- 
termined. 


. t^jveinical and biologic methods have been developed for the assay of certain 
Vitamins in the body fluids. Tlie finst chemical method w'as based upon tlxe blue 
eo 01 which develops wlicn vitamin A reacts with antimony trichloride in chloro- 
oim solution, oh-served by Can* and Price'* in 1926. This ■was first used for the 
vitamin A in fish oils. The earlier analyses of vitamin A in 
serum were unreliable because of inadequate methods of extraction and 
^aiat ion from inlcrfering substances. A^on Eckelcn and Emnicrie^ in 1935 
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introduced the important step of heating serum Avith potassium hydroxide before 
extracting it. This aa'^hs used in the extenshm studies of LindqAust.® Dann and 
Evel3Ti® in 1938 used the EA'eljm photoelectric colorimeter to permit reading of 
the blue color at its maximum and therebj’’ avoid errors due to the Avaxing and 
Avaning of the color. Kimble' described procedures to permit the use of this 
determination on small amounts of serum. 

Ascorbic acid AA'as the next vitamin to be measured bj^ chemical analysis. 
Zihm in 1927® reported that there Avas in fresh fruit juices a substance that 
Avould reduce pheirolindophenol A\'hich Avas closelj^ associated Avith the Adtamin 
but Avas not, he thought, identical with it. Tillmans® was able to eliminate the 
apparent discrepancies AA^hieh Zilva had reported and established that vitamin 
0 Avas a reducing substance. On the basis of extensive studies on oxidation- 
reduction potentials of dj^es bj”^ Clark, Gibbs and associates'® he chose to use 2, 
6-diehlorophenolindophenol AA'hieh has continued to be used. Other chemicals 
have been used for titration but haA'e not found mucli favor. 

Because other constituents of bods’- fluids are also reducing substances, 
the reaction is not specific for ascorbic acid. In blood other reducing sub- 
stances are present in small amounts and cause reduction sIoaa’Ij’-. Consequentl.v, 
by proper speed and choice of end point satisfactory results maj’^ be obtained 
Avith blood bj’ the titration methods of Parmer and Abt/' and Pijoan and 
Klemperer,'® AA-hich have been used exteusivelA^ in this countrj’-.* In urine, horv- 
eA’-er, Eveljir, Jilalloy, and Rosen,'^ and Roe and Hall'® report that a large 
part of the reducing capacitj’ is due to substances other than ascorbic acid. 
Previous studies of urinary ascorbic acid by titration methods, accordingly, 
need re-evaluation. 


IMindlin and Butler'® described a method using the photoelectric colorimeter 
which eliminates the error due to other reducing substances. Using a larger 
quantitj’- of dj^e than AAdll be reduced, the residual color is read at thirty seconds. 
Correction for other reducing substances may be made by extrapolation to zero 
time from subsequent readings. Bessej>^'® added the further step of dropping 
in a erj^stal of ascorbic acid after the detei’mination to complete the reduction 
of the dye and obtain a subsequent blank. 


The status of chemical methods for Autamin Bj determination is less com- 
pletely established. The thiochrome reaction, Avhich permits measurement of the 
fluorescence of partialty oxidized thiamin, first obserA’^ed by Peters,'* studied 
fui-ther by Jansen,'® and applied to the analysis of urine by 'Westenbrink and 
Goudsmit'® is capable of detecting small amounts of thiamin. With it there are 
possibilities of error AA’hieh aa’c haA’e pointed out®® and which are cA’idenced by 
the variety’ of procedures used in the attempt to aA’oid them and the Avide varia- 
tion in the range of values obtained by the different methods. The thiochrome 
method Avill be an asset to the clinical laboratory if reasonably accurate re- 


sults may be obtained without too time-consuming procedure. 

We have worked out a method®®’ ®' based on the reaction of thiamin Avith 
p-aminoacetophenone reported by Prebluda and McCollum®® Avhich is higWl 
specific and accurate. With urine, the necessity of concentration of 1 ® 
Autamins into a small A’olume and its separation from substances Avhich inter 


»See Table I o£ Mindlin and Butler.^ 
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fci-e with the reliction makes the tost timc-fonsiimiii^. lienee tlie inetliod is 
suited to tlie researcli laboratory and for the routine analysis of materials with 
a high content of the vitamin. 

Jlcicklejohn-^ used its growl h-promoting cfi'cct on Phycomye.s blakcslccamis 
to measure thiamin in blood. Sinelaii"' lias shown that the increment of growth 
is not specific for thiamin and has proposed to neutralize the innucnce of other 
substances by the addition of whole blood to tbe medium. Goodbart and Sin- 
clair-^ have also measured by a fermeiilatioii method eoearboxylase in blood, 
where it comprises the ma.ior fraction of thiamin. 

Before analyses of vitamins in the body tlnids arc clinicallj- useful, it 
mu.st be shown that the figures obtained refleet the level of vitamin nutrition 
in the tissues. In the case of a.scorhie aeid, blood values aiiiiarentlj- do this. 
Van Eckelen”'' reported a straight line relationship between blood levels and 
the doses required for saturation. This de.scrve.s further investigation, but a 
correlation between intake and blood levels of ascorbic acid lias been observed 
repeatedly. 

W' have ohserved a close correlation between dietaiy history and urinary 
e.\cretion of thiamin. Our studies^' on cxiieriincnlal thiamin deficiency indicate 
that urinary c.Ncretion falls off very promptly when an inadequate diet is taken, 
and that the excretory resimnsc to a lest dose is then needed to evaluate the 
body stores. On the other hand, when a peixon who has been depleted is given 
a normal intake of thiamin, the depleted stale of the bod.v stores continues to bo 
shown by a low urinary excretion for a long time. In a large number of de- 
terminations of the blood eoearboxylase in a large variet}’ of conditions Good- 
hart and Sinelair”'’ obtained deviations from normal in the expected directions. 
The wide range of values which they found in the samo normal individuals at 
different times indicates the nceessit.v of taking blood samiiles at a constant, 
longer time after meals or a largo possibilil.v of error in tbe method. 


Relatively little study has been made of riboflavin in human body fluids. 
SebrelP'’ and Sydenstrickcr^' and their associates bave recently described mani- 
festations of riboflavin deficiency wliicli we now find to bo fairly common. 
Ferrebee’- has recently described methods for nicasiiring riboflavin in urine, in 
which the optical system is a considerable improvement over that of previous 
methods and for which the reported comparative results indicate good specificity 
and accuracy. The findings of an early drop in urinary excretion of riboflavin 
uring experimental deficiency in rats reported by Vivanco” and in human 
emgs by Emmerie,®' together with the subsequent response to test doses reported 
} the latter, indicate a relation of urinary excretion to riboflavin nutrition 
similar to that which wm have found for thiamin.-'’ 


In the case of nicotinic acid, there is no close correlation between the content 
0^ lody fluids and that of tissues. Both Kolm“ and Blvehjcm^' and their co- 
' or vers, using biologic methods of assay, have reported that the nicotinic acid- 
containing enzymes in the blood are not significantly diminished in experimental 
or in human pellagra, although the tissues arc depicted. Using 
our e emical method^' and trying various methods of “saturation” tests, we“® 

■ « not found much promise for the direct laboratory diagnosis of nicotinic 
ocid deficiency. 
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The significance of blood analyses of vitamin A remains to be determined. 
Wide variations in apparently normal people have been found by Lind- 
qvist.® McCoord and Luce-Clausen^® liave found no significant increase in the 
blood content of rats fed supplements of vitamin A, although the content of 
their livers was greatly increased over the controls. Lindqvist'' found no 
significant change in the blood values of human beings fed large supplements of 
vitamin A. 

Vitamin A is insoluble in water. Josephs'"’ has reported a rough cor- 
relation between the vitamin A and chole.sterol and total lipids in the blood 
in persons whose nutritional status was not evaluated. This had been previ- 
ously a subject of interest. Lindqvi.st/” reported that during convalescence 
from pneumonia serum vitamin A values rose before there was any change in 
blood cholesterol. It might be expected that there should be a closer correla- 
tion of the vitamin A of the serum with its neutral fats than with its lipids. 

Another approach to the clinical laboratory diagnosis of vitamin deficiency 
is the measurement of resultant disturbances of body function. When the 
specificity for a vitamin deficiency of the disturbance of body function and its 
sensitivity are established, such a method may help to establish a normal level 
of vitamin nutrition. The que.stion of specificity and sensitivity makes most of 
such methods of doulitful value. 

Attempts have lieen made to diagnose vitamin C deficiency by measure- 
ment of capillary fragility. As in other studies, without chemical control, Abt, 
Farmer, and Epstein"- did not find any uniform relation between capillarj 
fragility and blood ascorbic acid or dietary history. Considering the numbei 
of factors concerned in purpura and its inconstaney in scurvy, this is not sur- 


prising. 

Pyruvic acid in blood and urine has been studied in relation to thiamm 
nutrition. Embden and associates'*''’ showed that pyruvic acid is a normal 
intermediary in the carbohydrate metabolism of muscle. Peters and Sinclair 
identified pyruvic acid in lactate solutions in which avitaminose pigeon brain 
had been incubated. Thompson and Johnson'*'”’ demonstrated an increase o 
pyruvic acid in the blood of avitaminose pigeons. Platt and Lu'"’ have shoum 
increases of pyruvic acid in the blood of all cases of fulminating beriberi but 
in only a portion of their subacute cases. They have proposed"' the determina- 
tion of the increase of blood pyruvate after exercise as a test for thiamm 
deficiency, but their reported results were inconsistent. They did not repoit 
the amount of exercise used and their test perhaps deserves further investiga- 


L, I i-x . 

Attempts have been made to replace the tedious hydrazone method oi 
blood pyruvate analysis bj^ determination of bisulfiteJiinding substances 
(B.B.S.) in the blood. Bisulfite-binding substances include other carbonj 
compounds. While in experimental animals the blood bisnlfite-binding su 
stances have been found to be well correlated with thiamin deficiency, in 
such correlation has been found neither with clinical evidence of thiamin 
ficiency"® nor with our determinations of urinary thiamin."” Baiierp an 
Harris”” have shown that the addition of sodium lactate to the diet cause m 
creased excretion of bisulfite-binding substances in the urine of rats with ^al.l 
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ini' gratlos of tliiainiii deficioney. They proposed a similar procedure for test- 
ing Imnian beings, l)iil slated tliat preliminary tests indicated that it may be 
necessary to modify the ]>i’oceduie in some details. 

Night blindness has been known since the days of lIip])oei'ates wlien one 
of the methods of its treatment was a liver diet. IMock in 392P^ suggested 
that it was due to vitamin A deficiency. Frklcrieia and IIolm°* showed that 
in experimental animals the concentration of visual purple in the retina was 
dependent upon vitamin A in the diet and that without it they became night 
blind. 

Attempts to apply determination of dark adaptation to the evaluation of 
vitamin A nutrition have resulted in mo.st contlieting reports. It seems 


probable that these discrepancies arc due to varying techni{iucs which may not 
adequately control the biochemical factors involved, and possibly to the in- 
fluence of other vitamins upon dark adaptation. Harris and Abbasy^"* point 
out that most of the failures to correlate dark adaptation with vitamin A nutri- 
tion have been by those using the biophotometcr. Possiiile inadequacies of 
the procedure used with this apparatus have been discussed by them, by Ilecht 
and Mandclbaum,'’^ and by Thomson and eo-workers.^'* The extensive study of 
dark adaptation by Ilceht”'^ furnishes a basis for clinical application. Thomson 
and co-workei's“''' rctiorted that ten minutes of preliminary dark adaptation, fol- 
lowed by four minutes of blenching with a bright light, was not adequate to 
eliminate the citcct of previous light. Even twenty minutes of dark adaptation 
was not adequate for some subjects.''^*' Harris and Abbasy'-'’ considered the 
bleaching light of the bio])hotometer too weak. Ilecht"''* has shown the differ- 
ence in the dark adaptation of cones and rods and the desirability of testing 
a known segment of the retina because of the different distribution of cones 
and rods. It will always bo necessary to have calibrated accurately the in- 
tensity of the measuring light, and to eliminate the influence of unrelated 
ocular conditions. Nevertheless, the results which we have seen obtained by 
Curtis and his associates®^ indicate that useful studies can be done with the 
biophotometer — perhaps because these .studies were on in-patients protected 
from strong light. 


The suggestion of Ilecht and Mandcllmum®' that the slow recovery of 
dark adaptation in their patients receiving large supplements of vitamin A, 


^omparod with the very rapid recovery of dark adaptation in the patients of 
aid, Jeghers, and Anninio®® and others, was due to their failure to add 
^^pplemcnts of other vitamins to their experimental diet is probably correct, 
e retinas of many species of animals have been found by von Euler and 
01“^ and others to contain relatively high concentrations of riboflavin which 
^as been supposed to be concerned with dim vision. Sydenstricker and his 
associates’^ fkat dimness of vision is a common sjuiiptom of riboflavin 

e eiency in human beings. Kimble and Gordon®® reported that individuals 
^ 0 had failed to improve their dark adaptation with supplements of vitamin 
restored when riboflavin was also added. In some others 
? ° failed to improve -with riboflavin, ascorbic acid supplements were followed 
^ y satisfactory improvement. It is possible that some of the discrepancies in 
J ® ^^Poi'ts concerning the relation of vitamin A and dark adaptation are due 
° ^ikire to eliminate the influence of other vitamins. 



50 


THE JOURNAL, OF L,VBORATORY AND CLINICAL jMEDICINE 


The relation of abnormal pigments in urine to pellagra will become of 
especial importance if a method for direct determination of nicotinic acid 
nutrition is not deidsed. Beekh, Ellingcr, and Spies®* reported the occurrence 
in the urine of pellagrins of large amounts of porphyrins. Later Spies and Ms 
associates®- called the pigment “porphyrin-like substances.” They reported®* 
that the pigment excretion returned to normal in from one to six days in 16 
pellagrins receiving vitamin supplements. But in 4 pellagrins on a basal diet 
without supplements, the pigment excretion also returned to normal, although 
only after four to six weeks. Watson®'' and IMeiklejohn and Kark®'' have identi- 
fied the abnormal urinary pigment as urorosein and probably another related 
pigment. They report the occurrence of these pigments in the urine of patients 
with diseases other than pellagra. The possibility of an associated vitamin de- 
ficiency in such patients and the relation of such pigment excretion to liver 
diseases requires further investigation. 
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THE BOLE OF BLOOD CLOTTING ANOMALIES IN THE 
HEi\IOKRHAGIC DISEASES 


John H. Ferguson, M.D., Ann Arror, jMich. 


F) DEEDING involves laclors ol positive eaiisalion as well as of failure to 
control. Causes include injuric-s and faclor.s relating to capillary fragility. 
The latter is increased in sciuu'y^ and in capillary and thromhoeytoponie pur- 
puras. It has not been convincingly proved that the citrus juice factor which 
appears to control capillary resistance is the vitamin P of Szcnt-Gyorgyi and 
his colleagues,’ vitamin C, or an unidentified agent. Vitamin C is ascorbic 
(cevitamic) acid,- whereas vitamin P or eitrin consists of flavone-ghicosidcs,’ 

Arrest of liemorrhagc and plugging of the vasculai- leak involve vasocon- 
striction and thrombus formation. Tlicse are illustrated in some published e.\'- 
periments’* on frog mesenteric capillaries. Fig. shows an endothelial cel! 
selectivelj' stimulated by micromanipulation. The ensuing contraction pav- 
tiallj’’ occludes the lumen of the cajiillary. As .shov'n in Fig. 2,t a more vigorous 
pricking of the endothelium has caused iiptury (o tlio vessel wall, but the escape 
of blood is prevented by the foimiation of a thromlnis consisting, at first, solely 
of cells. If the blood flow i.s sufficiently slow, the red blood cells take part and, 
in the example cited, they foi'in the wliole mass, oxcojjt for a single white cell 
(IT ) seen clinging' to the distal end of the clnmp. With a faster blood flow 
only the stickiest” cells adliore and agglutinate. In the mammal the.se are the 
platelets, some of which are shown in the blood clot in I'flg. 3. Note the little 
vesicles visible under the dark-field illumination. Thase represent the re.siilt of 
a peculiar form of lysis which occurs in platelets just prior to blood coagula- 
tion. ^ The altered platelets provide some agent wdiich lakes part in blood co- 
apilatlon, and a network of fihi-in threads (a few of which are seen in Fig. S) 
binds the cell thrombus more firmly togetiier. The point to he empiiasized, how- 
ever, is that the special function of platelets and other cells in thi’ombns forma- 
tion is to adliez’e together and add mechanical strength and tenacity to the clot. 
Platelets are believed also to aid in the clot retraction ■whieli makes for addi- 
tional fiimness. We shall make fiu’ther I'cfcrencc to their role in blood coagula- 
tion. 

Ihe following deals principally -with the clotting mechaJiism proper in 
attempt to show hoAv our cuiu’ent knowledge,''’ largely derived from in vitro 
experiments, heljrs to rationalize many of the clinical problems of the so-callcd 
'Tiemorrhagie diathesis” or ‘‘bleeding ten deney.” 

Pig. 4 presents a scheme of the essential clotting reactions. The main phe- 
nomena are wmll understood; a eoagnlant (thrombin) is first formed from an 

“Refevence 3, Fig:. 2, p. 403. 

tReference 3, Piff. 4, p. 404. 
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inadivc iiivcursof (i)rollii'oinl)in) iiml llicii Jicls on fil)fiiiogoii to rorni filn-iii. 
l’rotliroml)iii mid filii'iiinf'on ai-c jii'i’iiiiivd by oiiipii'ical inetliods from tlie !>:Iolm- 
lin fraction of tlie ])lasma protoiiis. The eoiivor.sion of protlironiliin to thrombin 
rcqnire.s certain activatintj at'ents. The fii'sl is ionized calcium salts." Tlie sec- 
ond is tlie so-called tlironihoiilastie factor which has come into new jn'orninenee 
in the last few years. Tlie ]ihn.s))holii>id ceidialin has an important role, but 
there are nndoiihtedly other nece.s.sory factors (vide infra). The clotting re- 
actions may he inhibited by specifie agenl.s, acting either upon the proce.ss of 
lirotliroiiihin activation (whence the designation ‘'antiiirothromhic”) or upon 




auatlon photomicrograph (frog mesentery), showing (1) maximal capillar)' 

blood cfii '‘fu^ blood flow due to incipient Inflnmmaloiy reaction: (2) formation of red 
slncle wiiUft site of endothelial Injury, effected by microdlssectlon needle [a 

attached to lower pole of thrombus]; (3) the constricting effect 
If’E throiiph (•!) a marglnatliig leucocyte (iV/) : and another (£) emigrat- 

hu xne wall of capillary (( 7 ). 
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the throinbin-filirinogen interaction (hence the term “antithromhic”). The 
fundamental reactions are sidiject to a variety of nonspecific influences, such as 
temperature, pH, salt concentration, “wetting” (lowering of surface tension), 
dilution, and the like. 




Fig. 3. — Dark-field photomicrograph of coagulated human blood drop. Note especially 
the vesicular formations from altered platelets and the "needles” of fibrin. The field also 
includes numerous retractile erythrocytes and a single polymorphonuclear (neutrophlle) leu- 
cocyte. 


ACTIVATORS* 


FIBRINOGEN 


PROTHROMBIN 

1 — 

THROIJIBIN 


INHIBITORS** 

■INHIBITORS*** 

FIBRIN 


, Fi?. ■l.—‘ Activators; (1) Calcium .salts. (2) Tliromboplastic agents, including 
phospholipids (cephalin), (b) ? tliromboplastic enzyme, and (c) ? diffusible factor. 

‘•Inhibitors: Antiprothrombins, including heparin and other sulfonic substances. 

Inhibitors : Antitlirombins. including hirudin, lieparin plus plasma-albumin. 
Nonspecific factors: Temperature, pH, salt concentration, "wetting,” etc. 


(a) 


etc. 


Fig. 5 shows the chief steps in a typical experiment to analyze the clotting 
mechanism by purifying its components with modern methods.* The diagram 
illustrates the clotting time on reealcifying (with and without added cephalin) 
the various fihrinogen-containing materials. Each interval represents one min- 
ute. An especially careful technique in collection of the blood, repeated 
eentrifugalization, and Berkefeld filtration of the plasma insure a plasma quite 
free from any products of tissue, platelet, or other cellular (including bacterial) 
origin. Such' plasma invariably clots in about ten minutes or less on simple 
recalcification (No. 4). This is a minor delay over the two to four minutes for 
unfiltered plasma, but the clotting time is easily restored to normal by adding 
a trace of pure cephalin (No. 5). The important conclusion is that the blood 
plasma itself contains all the essential factors for clotting, including much more 
phospholipid than the whole of the platelet content. Of course, maintenance 
of the normal fluidity of blood must mean that these factors are not all “avail- 
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able.” It is quite possible that the tliromboplnstic factor in the platelets is 
more readily available than that of the plasma, but wo are inclined to minimize 
the role of platelets and similar material in blood clotting. Hence, we do not 
attribute the bleeding in cases of tbromboeytopenia to any significant clotting 
anomaly, but refer to other e.vplanation.s, including (1) decreased capillary 
resistance to in,iury, and (2) poor thrombus formation in terms of mechanical 
properties, such as adbesivene.ss and relraetibility. These have already been 
discussed. Clotting time is normal in tbroinbocyto])cnic jnirpura ; it is only the 
bleeding time which is prolonged. 

CLcmra ntcrERTiss ar imica:TS rBErntn) rRou mo blood 
Protocol* Teaporature : 36®C. pK : 7*5 


j Preeh Qog Bloo4 

J Cltreteil ploson 4 -calclun 

j Citrate^ plaaoa 4 caphallR 4 Ca 

J (V) - flltarad plaaaa 4 Ca 

1 BerV«feld«flltered plsica 4 eephalln 4 Ca 


X4aofta4 UV.lOWlg «T AlWHJji plaioa 4 Ca 
Idaerbed plaaaa 4 cephalln 4 Ca 1 


?lbrlnos<n (3 pptna. with (m^JsSOf) 4- ca 


Plbrlnogen ♦ caphalln ♦ Ca 

fibrinogen 4 (5 nln* prothronoln *cepballn« Ca} 
)«e. •Plbrlnogen 4 (5 nln. B.e.-protbroabln eceph.a Ca) 
-Fibrinogen 4 (10 nln. B*e*-protbronbla 4 Ca) 


Returning to the fibrinogen, it is seen that the final preparations (Nos. 8, 
) show no clot on rccalcification even with the addition of cephalin or other 
lomboplastic agents. This means that we have eliminated all traces of pro- 
^^rombin. Clotting occurs, however, in less than one minute on the addition 
an active thrombin preparation. AVe have recently succeeded in obtaining 
Imogen in the dry state by means of the lyophile technique.® 

, of course, is the sine qua non of the fibrin clot. It is found 

a the fibrinogen concentration in experimental tests may be varied -widely 
'''■1 1 only a minor influence on coagulation time. The ehai-acter of the clot 
ars. Below a certain concentration, the coagulum formed is very weak, 
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suggesting tliat the equivalent in vivo -woulcl not lie much good for the arrest of 
liemorrhage. There are marked variations in llie blood fibrinogen content in 
various diseases, and hemorrhagic conditions associated with lowering of the 
plasma fibrinogen arc clearly recognized although they appear to be rare. 
Pseudohemophilia is said to fall into this class. The typical case is familial 
and has a long bleeding time, liut a normal platelet count.” A simple plasma 
protein analysis would establish the fibrinogen deficiency but, as far as we are 
aware, this has seldom been reported in the clinical literature. In the fibrinogen 
deficiencies accompanying liver dysfunction, the prothrombin is usually lowered 
as well and this often precedes the fibrinogen decrease. Naturally, one would 
not expect to benefit these patients with any measures aimed solely at increasing 
the thrombic function. The rational treatment is to tide over the hemorrhagic 
crisis with transfusions and sub.sequently to Iniild up the blood proteins by 
dietary and other means. 



Fig. G.— Prothrombin activation curve. This afforcls information as to the ” of 

amount of thrombin formation. The role of calcium is evident from tlie different entci» 
oxa,late (or citrate) at the three zones depicted. In Zone 1 thrombin formation is “ter- 

inhibited ; in Zone II tlie oxalate progressiveiv removes calcium and inactivates |„t 0 

mediary” complex; in Zone III the “ripe” thrombin resists tlie decalcifying action ol ■ 

electrodialysis, etc. 


Most of our recent work concerns the process of conversion of prothrombin 
to thrombin. We have little to say as to the nature of prothrombin. It is 
obtained from plasma by various precipitation methods." The best preparations 
contain proteins, phospholipids, salts, etc. However, it is significant that the 
agents necessary to activate prothrombin are being more and more clearlj 
defined. Prothrombin, in our experience, is never activated spontaneously. H 
needs calcium salts and usually some thromboplastic agent in addition. In the 
last two experiments of Pig. 5, the prothrombin and fibrinogen solutions veic 
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extracted with henzcnc ])rior to tlio losts.*' The emphasis is on the result 
rather than the iutcrpretatioii of the technique. Kxpcriinent Xo. 11 shows that 
the henzeiie-oxtrnctcd fil)rino»;on is readily clotted hy a tlirombin made from 
the benzene-cxlractod prolliromldn by five inimites’ incubation with calcium 
and cephalin, Kxperiment X(k 12 show.s that calcium alone is insufficient. AVe 
shall return to this point later. 

Fig. G iliu.slrate.s the standard technique witli which wo follow the process 
of thrombin formation. A mi.xture of i)rothrombin and calcium salt plus any 
activator or inliibitor we wish to investigate is inciilmted, preferably at a cool 
temperature (10 to 20° C.), in order to control possible deterioration.' At 
various time intervals, eliarted on the abscissa of tiic graph, a mea.sured sample 
is removed and added to a fixed amount of fibrinogen (under constant condi- 
tions), and the clotting time is noted and plotted on the ordinate of the graph. 
Clotting time is a measure of thromhin concentration and gives us a relative 
value for the amount of thrombin present at the lime the test is made. The 
shorter the clotting time, or the lower the curve, the more potent is the thrombin. 
AVe may tenh the graph the “activation curve’' of the particular tlirombic mix- 
ture. AVc have published*" a series of .such curves with varying amounts of 
cephalin. The more jihospholipid, the lower the curve, i.c., the greater the 
thromliin fonuation. The same sort of thing occurs, hut even more strikingly, 
when we vary the calcium,*® 


T.MUX I 

OK TiiiioMniN FonMATiox 


riusma globulins (excluiling 

1. Plasma lipoproteins 

Blood calcium 


fibrinogen) or ngont nsso- 

2. Platelets 




cmled with protein-* 

a. Other cells and tissues 




j 

Protliroiiibin 

1 

“ A\:nlal)le'’ eophaljii 

Calcit 

im salts 

Zone I 

(1 protein) 

(pliospliolipid) 

fionuod) 



Intermediary complex 



Zone II 


(protein-pliospliolipid-calcium) 




- 

1 

thrombin 



Zone 111 


Table I summarizes our view as to the fundamental reactions of thromhin 
formation. Evidence previously published** supports the view that there is the 
ormation of an intermediary colloidal complex containing prothrombin, ceph- 
o^in, and calcium in definite quantitative proportions. The final, older (“ripe”) 
lombin may he prepared free from all traces of calcium; it retains consider- 
? ® activity after aleohol-otlier (3;1) extraction (at room temperature) and 
Js well preserved under acetone. 

It is only the ionized form of calcium which takes part in the conversion of 
piothrombiii to thromhin.*^ Ransmeier and jMcLean*^ have recently found the 
“Ptimum calcium ion concentration for plasma clotting to he almost identical 
"ith the normal value for “diffusible” calcium in serum. Too much calcium 
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is inhibitory, a nonspecific salt (cation) effect.^'* Too little fails to convert all 
the prothrombin. The minimum calcium ion concentration for clotting is beloii 
the lowest serum calcium level compatible with life, at least in experimental 
dogs. It would seem unlikely that clinical variations in the serum calcium 
level can materially affect clotting time or that calcium administration can be 
expected to exert any therapeutic benefit attributable to assistance in the 
clotting mechanism. 


Tj^ical prothrombin preparations are very poorly activated by calcium 
alone, and some solutions (Fig. 5) are quite unable to clot fibrinogen on simple 
recalcifieation. In this ease a so-called “thromboplastic agent” is an essential 
addition. The phospholipid cephalin, as isolated from brain and other tissue 
sources, is such a thromboplastic agent. Crude aqueous tissue extracts, knovm 
as thromboldnase or thromboplastins, act similarly,^'^ but we shall later point 
out some significant differences. Pure cephalin is surprisingly active, a solution 
as great as 1 ;1,000,000 exerting a definite thromboplastic effect. Some snake 
venoms are more than one hundred times more active than this.’® "We have 
analyzed blood plasma, platelets, and corpuscles from the various hemorrhagic 
diseases without finding any significant decrease in total phospholipid or 
cephalin content.” 

Prothrombin solutions, which were veiy poorly activated by calcium alone, 
analyzed some 8 to 30 mg. per cent of total phospholipid, of which about 40 
to 60 per cent was cephalin (choline-free). These amounts of cephalin, added 
in the form of a solution of the isolated phospholipid, produce rapid and 
abundant thrombin formation. There is an experimental difference, therefore, 
between cephalin in simple solution and the form in which it oceui's in the 
natural materials. "We now have clear evidence” that the cephalin in prac- 
tically every crude material studied (and this applies to plasma, prothrombin, 
platelets, lung and brain extracts) is all in firm combination with the proteins 
present. This is true, at least, of the ability to extract it with simple fat 
solvents, such as ether, benzene, and the like. "With I’egard to the crude thromho- 
plasthis (or aqueous tissue extracts), it has become emdent in contemporarj' 
methods of prothrombin estimation’® that these materials are much more active 


than the equivalent of their isolated phospholipids. Our quantitative data prove 
this beyond a reasonable doubt. "We are thus led to two conclusions, viz., (1) 
that the phospholipid of the natural thromboplastic system is not necessarilv 
“available” for clotting, and (2) that a new factor must be sought for to ex- 


plain the full meebanisni of thromboiilastic action. The latter conclusion is 
foreshadowed in the investigations of plasma or serum globulin in hemopHba 
by Bendien and xun Creveld,®" of Amsterdam, and also by a group of Harvar 
workers.®’ Howell, of Baltimore, has I’eported preliminary attempts at isola 
tion, hut his published data®® neither suggest the possibility of an enzjmie nor 
do they suffice to rule it out. In deference to these and other claims,-® xve have 
included a possible diffusible factor among accessory thromboplastic ageufs 


(Fig. 4). ^ 

An extensive series of comparative experiments with Kunitz and Aor 
top’s crystalline trjTpsin leads us to believe that such an enzyme may be the 



rmnusoK: ni-oon ci.ottin'(i .\xomaui:s i.v iinMonmiABic disbashs SO 

tliromboplnstic factor for wliicli ivr are lonkiti". Tlic initjlislied data'’ may bo 
condensed into tlie statcnioMt tliat an artificial system of trypsin plus calcium 
closely resembles aqueous tissue extracts in every reaction tested. Cepbalin is 
also adjuvant, and, in such experimental differences between cepbalin and 
crude Ihromboplnstin ns can bo defined, the new mixt\irc provides a means of 
bridgiii" the divergence of finding.s. The accessory tbromboplastic action of 
crystalline trypsin is evident in the tbroadiiii formation data of Table II. 

T.mii.i; It 

The Itoi.E or C.u.ciuar, Ctrn.M.ix, .rxa 0 :yst.vi.i,isi; I'kvi’sis i.x ftxrri:iMn.\T.\i. 

Tnr.oMiiix J'oirM.rTios 

Tlironitiic mixtures (T) = -t.O e.c. ]>rntltronil>in snhjlicm + 1.0 r.o. netiviiting agents 
(syitalily dilutctl). Calcium is e.xjire.ssed in niillieqiiivalenfs, unit trypsin nnd ceplinlm in 
milligrams, per 5.0 c.c. of tliromldc mixture. Tliromliin foriuntiim at 15* C. Clnttiug times 
for O.S c.c, T + 3.0 c.c. filirlnnccn solution (protliroiutiin-frcc) at .'IS* C. 


H 

ACrnWTI.N'G agents in 

THKOMIIIC MIXTUni: 

TIIUOMIUN IWt’MATIOV |•rUII)l» (.MINtTFsl AT 1 

5“ c. 

2' 

5' 

10' 1 

20' 1 

:\o' 

‘15’ 1 

00' 

18(1' 

HDf 

Calcium (O.Ol’o) 



107' 


2S' 

10’ 1 

l.T 

•17" 


Calcium (O.OJo) + coplialin 


•IT- 

25" 1 

25" 

22" 

10" 1 

38" 

18" 


(o.:3) 










Calcium (O.OCj) + copltaliii 

*10" 

27" 

20" 1 

20" 

20" 


20" 



(0.25) + trj*psin (0.05) 










Calcium (0.025) + tn'pdn (0,05)1 


ISO" 

1 15" i 

25" 

20" 


20" 



Tryr’in (0.05) 




120" , 

•10" 


25" 



Tryptic activity in blood lilnsma and tissue extracts lias been proviousl}’ 
established and is a complex story, involving an inactive enzyme proour.sor 
"'liieh must be freed from a specific inhibitor nnd then activated by a special 
Einase.’* IVe are currently engaged in the task which has been opened up for 
correlating all this with blood coagulation. In the meantime, it can bo stated 
that the ability of both tryiisin and tissue extracts to restore the coagulability 
of hemopbilic blood in vitro is due to the acceleration of the convoi'sion of 
prothrombin to thrombin, dcliiy in which has long been rccogidzcd to underlie 
the coagulation defect of hemoiihilia.’' This is shown for tryjisin in T.able III;® 
tissue cxtr.acts are similar; cephalin has little or no influence. There docs not 
seem to be anything wrong with the tissue factor in heniojihilia, which probably 
accounts for the normal bleeding time which is usually obtained by the Duke 
test in which, of course, the blood flows over the ti.ssucs damaged bj' the puncture 
needle. There is an nniisiinlly slow breakdown of platelets in hemophilia,® but 
Jt is cliflicult lo say whether this is the cause or the efCcet of the plasma de- 
iciency. Our suggestion is that hemophilia is a deficiency in the plasma con- 
tent of the ncAv thrombojdastic factor, wliioh we arc tentatively calling “throm- 
Joplastic enzyme.” AVc have reason to believe that the enzyme normally acts 

mobilizing” calcium and cephalin for llic conversion of prothrombin to 
tnrombin.^7 

I rotlirombin is the protein component of the clotting agent. "We are not 
Pi'cpared to discuss the hj'pothesis adv.anced by Eagle, which suggests that it 
^ssumes an enzyme-character after convex'siou to thrombin, but we would like 
^ current methods of prothrombin estimation and the role of ■^ntamin 

•Reference 18. Table II. 
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K in the treatment of prothrombin deficiencies. Clotting time in fibrinogen- 
thrombin mixtures is a linear function of the thrombin concentration. If, 
therefore, adequate calcium and thromboplastin are added to convert all pro- 
thrombin to stable thrombin, it is possible to obtain a measure of prothrombin 
concentration in plasma, etc., in terms of an empirical standard control. 

Table III 

Activation of Recalcified Hemophilic “Globulin Substance” (Prothrombin) by 

Crystalline Trypsin 

G, = 2.0 c.c. hemopliilio “globulin substance” (G) + 0.4 c.c. distilled water -t 1.6 c.c. N/10 
CaCL. 

G„ = 2.0 c.c. hemophilic “globulin substance” (G) + 0.4 c.c. (=: 0.1 mg.) trypsin + l.G c.c. 
N/10 CaCL. 

Mixtures held at 24° C. ; 0.25 c.c. te.st portions added to 0.5 c.c. quantities of hemophilic 
citrated plasma (same case) at times shown. Clotting times, seconds, at 38° C. 



Controls. — 1. 0.5 c.c. hemophilic plasma -t 0.3 c.c. distilled water -|- 0.2 c.c. N/10 CaCl, 
= 720" (C.T.) 

2. 0.5 c.c. hemophilic plasma -f 0.1 c.c. H.,0 + 0.2 c.c. “G” -f 0.2 c.c. N/10 CaCl, — 

275" 

3. 0.5 c.c. hemophilic plasma + 0.3 c.c. H,0 + 0.2 c.c. (= 0.1 mg.) trypsin = no clot 

4. 0.5 c.c. hemophilic plasma + 0.2 c.c. “6” -f 0.2 c.c. CaCL -t- 0.2 c.c. trypsin = 70 


There are many teehnical difficulties, the least controlled being the possibility 
of prothrombin deterioration. Quick’s tesfi^“ is a relatively simple attempt, 
consisting of oxalated plasma plus calcium plus brain thromboplastin, the clot- 
ting time of which is compared under standardized conditions with a normal 
control (or series). Hoivever, the test is really timing two independent re- 
actions, viz., the conversion of prothrombin to thrombin on the one hand, and 
the actual fibrinogen-thrombin interaction on llie other.-' This is an important 


theoretical objection but may not be unduly significant for clinical interpreta- 
tions. Smith and his colleagues-® at Iowa have a moi’C complicated technique 
which endeavors to separate the two phases of clotting. Without entering into 
a technical discussion, it may be stated, for the consideration of those who feel 
critically towards the new prothrombin tests, that they are still in a highly 
empirical stage. There is a tendency to avoid arbitrary “jiercentages” of pio 
thrombin and to be satisfied with a comparison of the actual clotting times of 
the unknown and normal controls. As rough indices of plasma prothrombin 
content, these tests do give valuable information and there can he no doubt 


that prothrombin deficiency is an important factor in certain hemorrhagic con- 
ditions, such as vitamin K deficiency in chicks, certain toxic states in domestic 
animals, experimental and clinical disorders of the liver and biliary system- 
and, of special interest to pediatricians, hemorrhagic disease of the newborn.- 
All these are benefited by vitamin K prejiarations. This fat-soluble dictar) 
factor®'’ discovered by Dam (Copenhagen) and by Almquist (California) has 
now been shown to be a common property of a number of 1, 4-naphtlioquinones, 
and we may shortly expect commercial exploitation of active synthetic products, 
as well as the natural concentrates of alfalfa, kale, spinach, tomatoes, dric 
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cai'iot lops, oheslnul loaves, oak sprouls, soyhoaii oil, piitreficd fish luoal, cte. 
Naphtho(iuinonos are assoeiatod willi haetorinl ]»ijrnioiit motaljolism (as in the 
phthiocol from the tuberele haoillus). Alimeiilnry Iraet inieroorjiaiiisms arc 
thouixht to elaborate adequate vilaiuin K in most animals, with the possible ex- 
ception of very youn;r luiman infants. Bile is probably necessary for absorption 
of the vitamin. Or. A. !M. Rnell'*’ and his colleajjues (Mayo Clinic) emphasize 
the importance of intestinal conditions in vitamin K absori)tioii, and it must 
also be stressed that the efl'ectivenoss of therapetilie use is dependent upon an 
adequate liver function. Use in the hemorrliaj'k' diseases is indicated in, and 
should be confined to, cases with prothrombin deficiency. 


Tahi.k IV 

EfFECT.S of llnCARIS ON- THK I'onMATIOS* OF TllItOMIUS* Kiuni llECAt,Cirn:n PrOTlinOMBIK IX 
THE Pr.ESEN’cE nr Vauioi's TiinoxinocMSTic Aoksts 
Thromblc mixture (T) = 4 c.c. pf 
inhibitor (.suitably iliUited), incul»atoU at lA” c. .Ml iiuNtures i 
per o c.c. T). Oe|ilialin, trypsin, niul liopariii : mjf. por 5 c.c. 
at uS* C. : 1 c.c, filirinopcn (protlir<m»l»in-frco) + 0,.*i c.c. T. 


4 c.c. prottiroiut>in solution + 1 c.c. nclivator (r) pbf'? 
>atoU lit iri* C. .Ml iiuNtures include CaCb (O.Oj raoq. Ca 
' Clottinpj Times (sec.) 


T 

Tiinoxtnoi*i,.\sTi(' auent 

iNHCinTm: 

1 TtntOMhIN yoUMATION JT.IHOn 

1 MIXCTF-S, AT 15* r. 
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4 
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0 
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00 

0(50" I 

70" 1 
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thrPfv /«,.«» * .V” "'as nn olil prep 
-fourths of tt^ orlplnal potency. 

t-xtracteU witli nlcoliol-cUier ( 3 : 1 ); ncctonc-lnsoUible P-liptils 
in ctiicr-pctrolcum ether, dried, nnd prepared In auvieous solution (1:10,000), 
llnGlcates incomplete coagulntton. 


Bleeding in allergic states is no doubt a greater problem than can be cx- 
P ained in the light of current knowledge, but the following experiment from 
c Toronto laboratories'" aiipoars to be of considerable significance. Dogs 
"ere thrown into annph.vlactie .shock after sensitization to alum-treated horse 
serum. During shock tlie blood became incoagulable and this was shown to 
)e as.sociated with a great outpouring of heparin. It conld be demonstrated 
m the blood in several ways, inclnding the aeluivl isolation of the barium salt 
m mj stalline form." Heparin®' is a product originally isolated from the liver 
hh IIolD® in 1918, but now prepared from lung®'' in the Connaught 

oratories at Toronto. It results from the combination of several organic 
eei s, including mucoHm-polysulfuric acids, with the base glucosamine (.Torpes) 
in anaphylactic experiment is repeated after extirpation of the liver 

n an acute e,Kperiment, the dog still’ shows symptoms of shock, but the blood 
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is no longer incoagulable and there is no demonstralile heparin increase. It 
may be concluded, therefore, that in cases with demonstrable increase in the 
antithrombic factors in the blood, bleeding may be associated ivith the outpour- 
ing of heparin from liver reserves. 


Table V 

Synergisji Between Antitiibojibic Actions oi' Hepauin (Connaught Labor.woeies) 
AND Crude Plasma “Albumin” (Dialyzed) 


Thrombin: Stock preparation (prothrombin + calcium + cephalin + brain extract) 

kept under acetone and prepared for use b3’ evaporating acetone and redissolving it in 
0.9 per cent NaCl at pH 7.25. 



thrombin 

(c.c.) 

DISTILLED 

"WATER 

(C.C.) 

HEPARIN 
(MG. IN 
0.25 C.C.) 

‘ ‘ albumin ’ ’ 
(c.c.) 

FIBRINOGEN'' 

(c.c.) 

clotting 

time 
( 38“ c.) 

1 

0.5 

0.5 

_ 

- 

1 

14 sec. 

2 

0.5 

0.25 

- 

0.25 

1 

18 sec. 

.3* 

0.5 

0.25 

_ 

0.25 

1 

33 sec. 

4 

0.5 

0.25 

0.05 


1 

23 sec. 

5 

0.5 

- 

0.05 

0.25 

1 

>4 hr. 

Of 

0.5 

0.25 

0.05 

0.25t 

1 

2(5 sec. 


♦Fibrinogen added immediately, except in No. 3 where the addition was deterred for 
one hour: the increase in ciotting time Is scarcely significant in comparison tvith the immemate 
antithrombic effect noted in No. 5. 


tA weak solution of dialyzed ciystalline serum albumin (McJIcekin) was used in No. C. 

As to the manner in tvhich heparin acts, IIoAvell and Holt (1918)®® postu- 
lated a dual role. The first or “aiitiprollirombic” action (so-called) is the 
prevention of conversion of prothrombin to thrombin. Tliis has recently heeu 
denied by at least four groups of ivorkers (Mellanliy, Quick, Smith and co- 
workers, and Astrup), but the last tivo admit that it can occur in the presence 
of an accessory plasma factor, possibly identical Avitli the second mechanism 
(vide infra). AVe have®“ pointed out that all these recent Avorkers used strong 
aqueous thromlioplastins in couAmrting the prothrombin to thrombin. Ifj 
ever, only the isolated phospholipid is used, the classical antiprothrombic action 
of TIoAvell is confirmed, Avithout any accessory factor (Table IV) 
hibitory action, therefore, refers to the tbromboplastic system rather than to 
the prothrombin itself. There is no doubt as to the second mode of action 
(“proantithrombic” of HoAvell and Holt) in AAdiicli inactivation of fully fornieu 
thrombin is secured if, and only if, an additional factor, believed to be associated 
Avitli plasma albumin (Quick) is present (Table A^). AA^'e have recently performe 
some preliminary experiments Avith a pure crystalline serum albumin kindly sup- 
plied by Dr. T. L. McMeekin (HarAmrd) AAdiicli accords Avitli the findings p 
the Toronto Avorkers®' in failing to show definite antithrombic action Avp 
mixtures of crystalline albumin and heparin. This difference from the ciu e 
' ‘ albumin ’ ’ is unexplained. 

The real nature and mode of action®^ of “ antithrombin (s) ” are not fall? 
understood, but much significance attaches to the data of Fischer (Copen 
hagen)®® shoAAung the ability of heparin to form molecular compounds avi 
proteins and protein split-products to make substances having a shift m i 


♦Reference 36, Table II. 
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isoelectric point in the acid direction. In situations ^vhcrc antitlirombic factors 
arc definitely demonstrable there can be little doubt as to their effectiveness in 
retarding in vivo as well ns in vitro blood clotting. 

SUMMAKV 

Prolongation of clotting time may contribute to those hcmorrliagic states 
in which we can demonstrate (or po.stulate) citlicr prothrombin or thrombo- 
plastin deficiencies or an excess of antitlirombic factors. Calcium maj’ be ex- 
cluded from practical consideration. Pactors such as fibrinogen and platelet 
defects play a role in determining the cffcclivenoss of clotting and thrombosis 
in the arrest of hemoiThagc. All these arc controlling mechanisms, and the 
prior causative factors, including capillary injury, must also receive the fullest 
consideration. 
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rVERY iincmia rosulls from a loss of hnlaiicc lielweoii icd blood cell forma- 
■*— ' lion and red blood cell deal ruction. A licmolytic anemia is one due to a 
more rapid destruction of erythrocytes than the bone marrow can replace. The 
noraial method of disposal of worn-out. or otlierwise iu,iured, cells is by hemol- 
ysis. Almost a trillion, or one twenty-fittb. of all the circulatiu" erytbrocyte.s 
are so disposed of each day. Xorinally a delicate balance is maintained between 
erythrocyte formation and the hemolysis of cells. If bemolyais is excessive from 
any cause, an anemia residts. 

A normal mature erythrocyte is a discoi<l cell composed of water. i)rotein, 
lipoid, and salts. Ponder,' after reviewiii}; various theories coneernins its struc- 
ture, concludc.s that, ‘‘The concei)tiou that the rod cell jmssesscs a distinct struc- 
tural membrane of considerable strength composed of iirotein, lipoid, and per- 
haps other substances, that the interior of the cell contains a fine network, and 
that the hemoglobin is contained in the meshes of this fine .stroma, perhaps 
partially adsorbed to it, meets all arguments.” Ponder' em])basizc.s that this 
shape makes it necessary to consider the cell as being in a state of considerable 
and permanent strain. This strain may be due to the surface membrane of 
protein and lipoids which cannot be demonstrated histologically, or be dependent 
on the nature of the internal stroma. AVhen the strain is released, the cell 
assumes a spherical form, as a result of the action of surface tension. 

Every red blood cell wears out in time. The exact ajian of life is unknown. 
Perhaps thirty days is an average. The preci.se factors influencing the normal 
termination of the activity of an erythrocyte and the method of its disposal are 
not clear. The spleen plays a major role in destruction and seems to be the 
graveyard for the worn-out cell. When a cell has been injured by the normal 
"ear and tear of use, or by some toxic agent, the cell tends to become spherical 
from the loss of the surface or intracellular forces which normally hold it as 
a biconcave disk. Such a change seems the fir-st stage of hemolysis. There is 
much evidence that a substance, ly.solecithin,' wdiich is formed in the spleen 
and makes erythrocytes spherical, aids in the normal hemolysis of old and 
nijured cells and, at times, may bo a factor in abnormal hemolysis. 

nrythrocytes arc taken out of circulation by the reticulo-endothelial 
a s. The cell stroma is completely broken up. The hemoglobin contained in 
^ le stiomatin does not return to the blood as such but is disintegrated by the 
mol™ cells. The globin-hcmatin combination in the hemoglobin 

ecu e IS split up, the iron in the bematin fi-action is set free, and bilirubin 

termed. 

•rrom the ClevelanO Clinic. 
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Tliei’e arc no end ])rodnels o[ the stroma which can he identified in llic 
lahoratorr. TJio licmoijiolnn is qnaniitatively convcried inlo hiliruhin, liowever, 
so if the amount of hiliruhin rorniod is known, the amount of liemoglobin de- 
stroyed and, indirectly, the number of erythrocytes lost, can he calculated. 
The only exact way to mea.surc hiliruhin so formed would bo to analyze the total 
hilc excretion. However, there is no practical way to collect this. Fortunately, 
it. is difficult for the liver or the kidneys to excrete the hiliruhin formed from 
hcmoslohin hecause it. is hound to iirotcin. ^Yith ohsl.i'uet.ive jaundice there is 
a retention of hile salts as well as hiliruhin. These raise the surface tension 
and thus free the hiliruhin fi'om comhination with ]n’otein and make it easy 
to excrete. Since the hiliruhin formed from the homo^'lohin set. free wlicn 
erythrocytes arc hemolyzed tends to he retained, the amount and rate of red 
blood cell destruction are indirectly determined hy measuring the amount ot 
pigment in the plasma, provided there is no disease of the biliary tract. 

In almost every hemolytic anemia due to t.he oxco.ssivc destruction of 
erythrocytes, the hone marrow tries to compensate for the increased lo.s.s of cells, 
Tt is possible that the increase in cell destruction may he fully com])ensatcd for 
hy a. higher rate of delivery of now cells from the marrow. It is difficult and 
rare for this to continue. Even with the most, active marrow there is usually 
still an anemia. The usual finding in a hemolytic anemia is both an increa.se 
in the bile pigments of the plasma paralleling the rate of cell destruction, and 
a high reticulocyte count., indicating that cells arc being delivered very rapidly 
from the marrow. The red blood cell count, and hemoglobin inoasurc only tlic 
halaneo between formation and destruction at the time the count is made. The 
reticulocyte count, together with the total red blood coll count, gives indirectly 
the survival time of the erythrocyte in the circulation. Thus, with a normal 
red blood cell count, of five million jier cubic millimeter and a reticulocyte count 
of 0.5 to 1 per cent, the mean span of life of the red corpuscle is about thirty 
days. If the reticulocyte count, is high, such os 15 to 25 ])er cent, it is apparent 
that t.he mean span of life can he only one to three days. 

Since the cells arc being removed largely hy the spleen, this organ is nearly 
always enlarged from overact ivit.y. The clinical picture, then, of a hcmolyl'C 
anemia is anemia with jaundice and an enlarged silicon, with absence of ob- 
struction of the hilc duets. On examination of tlic blood, besides tlic anemia, 
t.he hilc pigments of tlie plasma are increased, tlic reticulocyte pcrcontagc is 
increased, and usually there arc numerous red blood cells with nuclei, diftnsc 
basophilia, and nuclear remains, .such as Isaacs’ granules and ]Towcll-<Tolly 
bodies. 

Since the hone marrow is overactivc in supplying an excessive nuuibor of 
red blood cells, marrow which is normally yellow becoincs red througli active 
erythropoicsis. In ])atient.s dying of a hemolytic anemia, which has persistea 
long enough for the low bone marrow to react, t,hc marrow throughout, the body 
may be red. A bone marrow puncture shows excessive erythropoicsis also, as 
indicated by the large number of cells of the erythrocyte scries (Pig- I)- 

Abnormal hemolysis may be due t.o the presence of agents toxic for the 
erythrocyte in t,ho blood plasma. These may be: (1) toxins resulting fi’O'” 
bacterial growth; (2) immune hemolysins, such as occur in the transfusion of 
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incompatible blood groups or in paroxysninl licinoslobimiria from cold; or (3) 
chemical poisons, sneb ns tbe pbcnylbydrnr.inc groii]) or sniiUc venoms. In the 
group of cbcmienl poisons mny be included those formed in tbe body as an 
allergic response to an antigen, ns in fnvus-bean poisoning. Tbe meelianism of 
red blood coll destrnetion by malarial and other intraecllnlar parasites is obvious 
though ditferent from the preceding group. Damaged cells arc taken out of 
circulation hy the spleen. JIany other chemical substances will actively destroy 
red blood cells. Among these arc acids, alkalies, bile salts, saponin, and snake 
venoms. Hemolysis is rapid in hypotonic salt solutions. 
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Fie. 1.— Film or marrow obtained by alcrnnl puncture. Note tbe large number of Immature 
colls of the oiythrocytc series. 


An increased liomolysis of cells may also result from a defect in the cell 
itself, rendering it more easily destroyed. The defect may bo an abnormal shape 
of tlie erythrocyte or an imperfection in (piaUty of tlic cell stroma which makes 
it more easily' destroyed. Sometimes abnormal hemolysis seems to be due to 
‘1 perverted activity of the rcticulo-endothclial cells, especially in the spleen. 

ft is difficnlt to make a satisfactory clinical classification of the hemolytic 
anemias. One possible grouping is as follows: 


f’ Increased licmolysis from excessive destruction of cells damaged hy: 
A. Chemical agents, as phcnylhydrazinc. 

I^actorial toxins, as in gas gangrene. 

C. Immune hemolysins, as in transfusion reactions. 

H- Parasites, as in malaria. 


Il- Increased hemolysis due to excessive removal of congenitally abnormal cells : 
A. Congenital abnormality' of shape. 

I- Spherocytic anemia (congenital hemolytic jaundice). 

2. Siekle-ccll anemia. 

3. Oval-cell anemia. 
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B. Congenital abnormality of structure. 

1. Erythroblastic anemia of Cooley. 

2. Sickle-cell anemia. 

III. Increased hemolysis from abnormal hemolytic activity of spleen or otlier 
parts of reticulo-endothelial system. 

IV. Increased hemolysis from unknown cause, as in iiaroxysmal nocturnal hemo- 
globinuria (Marchiafava-JMieheli type) and tlie idiopathic types of hemo- 
lytic anemia. 


CHANGES IN MEASUREMENT OF THE ERVTHR-OCYTE OF MAN 
ON HEMOLVS\N& IN HYPOTONIC SODIUM CHLORIDE SOLUTION 


INITIAL 


FLAT CELL 
OF IDIOPATHIC 
HYPOCHROMIC 
ANEMIA 


VOLUME 
SURFACE AREA 


I.5m-T, 

8.2m-0. 


1\m^ 

143 


VOLUME IF 
CONVERTED 
INTO A SPHERE 



Hm} 

60.<c> 


VOLUME OF SPHERE WHEN 
AREA IS BACH. TO INITIAL 
VALUE AND HEMOLYSIS ENSUES 



162.«.» (-f 128*/.) 
143.«.‘ 


NORMAL 

CELL 


01.9^-T, 
1 7.G*.-D. 


VOLUME 86*.’ 

SURFACE AREA 138*.* 



66 *,» 

85*.* 



152*.’ (-177*/) 
136*.* 


SPHEROCYTE OF 
CONGENITAL 
HEMOLYTIC 
ICTERUS 

VOLUME 
SURFACE AREA 




77*.’ 

85*.* 



101*.’ (+31*/.) 
105 *.’ 


Fig. 2. — Changes in measurement of the erj'throcyte of man on hemolj'zing ’’’JlTh.-forc 
sodium chloride solutions. Tire flatter the cell, the greater the volume the cell can “ 

the original surface area is reached as the cell becomes spherical and increases in volume. 


The exact mechanism of hemolysis varies with the hemolyzing agent. In 
hypotonic salt solutions tlie contents of the cell are altered by the excess of watei. 
The cell becomes spherical, the membrane becomes permeable, and the cell swells 
as Tvater is taken np. In time, the cell ruptures. Such is the mechanism o 
hypotonic hemolysis. With hemolysis by a chemical agent, some constituent 
of the cell is affected so that the structure is altered and the cell breaks up. 
Thus, saponin and bile salts act on the protein of the cell, while snake vemmi 
affects the lecithin and produces lysolecithin, an active hemolytic agent. ^ 
everj' instance there is an alteration of cell structure. If the cell is abnormal a 
the start, it is apparent that the hemolysis may take place much more easi} 
than in a normal erythrocyte. 

With hypotonic hemolysis, the cell changes from a biconcave disk to a spheie 
during the process of dissolution.^ The flatter the ceU, the greater the increase 
in volume possible before the cell membrane, which cannot be stretched, 
rupture. Thus a flat cell, with a volume of 71 cubic microns, a 
8.2 microns, and a thickness of 1.5 miei'ons, can increase in volume 128 pel 




hai)i:n* : iikmoia'tic ankmia 


69 


l)cforc tlio membrane rni)tnres. A normal cell will increase 77 per cent. On 
the other hand, a cell with a \-olinne of 77 cubic microns, a diameter of 6.4 
microns, and a thickness of 2.4 microns, can be increased in volume only 31 i)er 
cent before the cell is a sphere and further tension rui)tufcs the membrane 
(Fi?. 2). It is this fact that cx])lains the increased frafiility in hyj)otonic solu- 
tions of the microsphcrocytcs characteristic of con*xcnital hemolytic jaundice.'' 
Such cells cannot have the normal increa.se in volume wilbonl pulling the mem- 
brnne on tension sufficient to rupture it. 

IVhcncver the cell .striiclure is alterc<l in other way.s, there is a tendency 
for the coll shape to change from the biconcave form to the sphere. The action 
of lysoiccitbin, which is normally present and whicli may be the normal agent 
in red blood cell hemolysis, is to make the cells spherical.'' Likewise, sphero- 
cytosis may lie ehavaetevistie of the homolytie anemia due to Icuccmia, Hodgkin's 
disease, or acetylphenylhydraziiic. On the other hand, the most marked hemo- 
lytic anemia may occur without splicroeytosi.s (Table IV). Here the cells break 
up without going through changes in shapt* already dcscrilied. Perhaps licro the 
essential clement is overaetivity of reticulo-eiidotholial cells which destroy 
erythrocytes without changing them chemically. Ham” has shown recently 
that a change in reaction may also greatly innuonee the speed with which cells 
break ;ip. 

The two factors in inercaseil hemolysis may he summari/.cd : 


I. Increased hcmoly.sis of normal cells damaged by foreign agents, namely: 
a. Chemical poisons, sueli as jihcnylhydrazino, sulfanilamide, or snake 
venom. 

h. Para.sites, as the nnduvial protozoan. 

c. Bacterial to.sins, ns in gas gangrene. 

d. Amboceptor and eomidcinent reactions, ns in transfusion of incom- 
patible blood, or in paroxysmal hcmoglohimiria. 

H. Increased activity of the spleen. 


The action of the spleen may he the normal })hagocytic activity on damaged 
cells as de.scrihcd above, or on ahnormallv shaped, or imperfect, cells as in 
spherocytosis (congenital hemolytic icterus), sicklocytosis, or ovalocytosis. In 
some cases there scorns a true jicrvcrtcd activity of the spleen and perhaps of 
other parts of the retieulo-endothclial system, as in Hodgkin’s disease and 
fiucemia. Tims, the shape and stnietnrc of tlie cell, the activity of the spleen, 
yud the i)reseneo of substances toxic for erythrocytes must be considered as pos- 
sible factors in the ])roduetiou of every liemolytic anemia. 

Congenital hemolytic icterus is the best known example of a chronic hemo- 
y 1 C anemia. This disease may continue active for many years. Here there is 
aiactoristically a chronic anemia, with acute exacerbations, jaundice, reticulo- 
cjtosis, and an enlarged spleen. All the signs and symptoms of the disease 
^^0 ue to excessive destruction of red blood cells. The erytlirocytes liave two 
^ IS inguishing characteristics. In the first ])lacc, they are thicker than 'normal 
litll^ diameter. Since the diameter is usually less than iiovmal with 

c 'luiation from normal in volume, the cells arc usually spoken of as micro- 
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spherocytes. Some of tlie cells are true splieroeytes, but most of them are simply 
thicker than normal (Fig. 3). All observers are agreed on this fundamental 
characteristic of the cell in congenital hemolytic icterus. The second character- 
istic property of the red blood cell is its increased fragility^ in hjiiotonie solutions 
of sodium chloride. This finding is less characteristic than the spherocytosis, 
since factors other than shape of the cell may influence fragility. A thick cell 
with a more than resistant envelope may show little if any change in fragility. 
The cell measurements in ten typical cases of congenital hemolytic icterus are 
shown in Table I. 

Table I 


The Erythrocyte in Congenital Hemolytic Icterus 








PIAM- 









AfEAN 

VOLUME 




NO. 

COUNT 


MEAN 

THICK- 

ETER- 

RETICU- 

TRAGIL- 

ICTERUS 

VOLUSIE 

niAMETER 

TniCIv- 

NESS 

THICK- 

LOCYTES 

ITY 

IKBEX 





NESS 

INDEX 

NESS 

RATIO 





niilliona 

cubic 

microns 

microns 

microns 



per 

cent 

NaCl 

100 

anits 


2.65 

80 

0.4 

2.0 

1.51 

2.6:1 


58-39 

35 


1.82 

77 

0.5 

2.3 

1.44 


22.1 

68-38 

20 


3.73 

84 

0.0 

3.0 

1.73 

2.0:1 

6.5 

68-38 

15 


3.08 

87 

0.6 

2.5 

1.54 

2.6:1 

14.9 

66-40 

15 

5. 

2.13 

76 

6.4 

2.4 

1.46 

2.7:1 

14.7 

64-36 

25 

6. 

2.37 

111 

7.3 

2.6 

1.45 

2.8:1 

31.0 

56-42 

15 

5 

7. 

2.65 

105 

7.5 

2.4 

1.27 


10.8 

56-38 

8. 

3.07 

91 

6.5 

2.7 

1.07 


17.9 

45-34 

23 

8 

6 

9. 

4.43 

85 

7.2 

2.1 

1.18 


3.7 

44-32 

10. 

3.99 

85 

6.8 

2.4 

1.38 


4.8 

47-39 


As the name indicates, there is a large hereditary element in spherocytosis. 
Cases may be sporadic, however, without any evidence of the disease in relatives. 
The degree of spherocytosis may vary greatly. Thus, in a recently case, a 2-year- 
old child had an extreme spherocytosis, while the mother had only a mild sphere 
cytosis wliicli was revealed by careful cell measurements. The congenital defect 
is really an anatomic one, since it represents a variation in the normal shape. 
It is often accompanied hy other anatomic defects, especially steeple skull. 

From the clinical standpoint, the important features of congenital hemol)tic 
icterus or spherocytic anemia are the chronic anemia, the constant, though nii > 
jaundice, and the enlarged spleen. Infections and other unknown factors maj 
greatly speed up the hemolytic process, causing the so-called crises during wine i 
the anemia is more severe, the icterus is more intense, and the spleen is larger 
If there is a family liistory of jaundice and an enlarged spleen, the picture is 
complete. 

The two characteristic findings in relation to the red blood cell already nien 
tioned, namely, the spherocytosis and the increased hypotonic fragility; 
usualty been considered as separate defects of the red blood cells. Chau at 
regards these two features as evidence of the lessened AUtality of the ce • 
Meulengracht® is of the opinion that they are regeneration phenomena secon a . 
to the increased bone marrow activity. Gansslen® expressed the belief that i^^ 
is a primary defect in the marrow which makes it incapable of supplyuiS ^ 
of normal size and resistance. Naegeli^® ahvays contended that the defects lepi® 
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HYPOCHROMIC MICROCYTIC 
ANEKMA 



0.57 

1:7 


053 

1-8 


... _ 2 “The mean re<.l bloo<l coll in conccnital Ijcmolytic Icteni'^ comparci! with the normal 

“weddlnc-rtni:" cr>thr<)c>'tc of hypochronilc microcytic anemia, 
•'oie the characteristic Incro.aso.s In tljlcknos?, docrc.aso in Ulamctcr, with little change In volume. 



shape of the er>'throcyte In congenital hemolytic icterus compared 
to the hemnu-ii “J'Potonic hemolysis. The more marked the spherocytosis, the closer the cell 
*5 SIS point. The fragility thus varies directly with the degree of spherocytosis. 
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sent a congenital anatomic abnormality of the erythrocyte comparable with otlier 
anatomic congenital defects. No one seems to have correlated the spherocytosis 
and the increased fragility. 

There is a direct relationship between the shape of the cell and hemolysis.® 
Ponder has demonstrated that this depends fundamentally' upon how much the 
volume of the cell can increase -without stretching and rupturing the covering 
membrane.^^ This point is best illustrated by comparing the changes in a normal 
red blood cell and that of congenital hemolytic icterus (Pig- 2) in hypotonic 
solutions of sodium chloride. Note again the increase in volume by immersing 
in hypotonic solution of 77 per cent (from 86 to 152 /x®) of the normal cells 
as compared w'ith 31 per cent in a patient w'ith congenital hemolytic icterus. 
The intensity of congenital hemolytic icterus varies directly with the degree 
of spherocytosis. The more spherocytic the cell, the nearer it is to the hemolysis 
point (Pig. 4). 

The relation of the shape of the cell to hypotonic fragility is well illustrated 
by the study of the erythrocytes of different animals. It has long been known 
that the fragility of the red blood cells in hypotonic solution varies greatly in 
different animals. Vallcry-Radot and Lheritier’® first pointed this out and 
concluded that the fragility parallels the diameter of the cells. In Table 
II are shoivn the measurements of the mean cell of a group of animals as 
measured by Emmons,'® and the fragility for the same animals as determined 
by Vallery-Radot and Lheritier. It is apparent that the fragility varies with 
the globularity of the mean cell; hence there must be a direct relationship of the 
two factors. 

Table II 

Relation of Shape of Erythrocyte to Hypotonic Hemolysis 


SPECIMEN 

MEAN 

PIAMETER 

mean 

THICIvNESS 

MEAN 

VOLUME 

VOLUME- 
' THICKNESS 
RATIO 

INITIAL AND 

maximal 

resistance _ 

Man 

mi’croHs 

7.8 

niicroTis 

1.84 

cubic 

microns 

88 

4.2:1 

% NaCl 

0.42-0.48 

Dog 

7.2 

1.70 

69 

4.2:1 

0.50-0.54 

0.52-0.54 

Rabbit 

6.G 

1.84 

63 

3.6:1 

Cat 

5.6 

1.75 

43 

3.2:1 

O.CO-O.Gfi 

Goat 

4.0 

1.95 

25 

2.1:1 

0,72-0.74 


f 30 

Spherocytosis is the one absolutely constant finding in our group o 
cases of congenital hemolytic icteims. The diagnosis is not justified unless " 
characteristic cell is found. The seriousness of the disease can be measuie 5 
the extent of the spherocytosis. Is this shape related to increased 
cells from the blood stream by the spleen in congenital hemolytic icterus . 
immediate cause of the anemia is hyperactivity of the spleen, since the symptoias 
of the disease are all relieved by splenectomy. Spherocytosis always persi 
after removal of the spleen, although it is less marked than before operation. 

The findings in eight patients studied after splenectomy are shown ® 
Table HI. In every instance the anemia, jaundice, and reticuloeytosis 
entirely relieved. The decreased cell diameter and the spherocytosis were s 
present, though to a less marked degi-ec than liefore operation. It is appa' 


TAm.B III 

CJMXGES in EllYTlIItOCYTE AFTER Sri-ENECTOMV >*OR CONCESITAL IlE.MOIA’TIC ICTEtCUS 










74 


THE JOURNAL OF L/VBORATORY AND CLINICAL MEDICINE 


from the beneficial results of splenectomy that the anemia is due to the aetivitj' 
of the spleen in filtering out spherocytes. The exact mode of action of the spleen 
is unknown. Tlie spleen miglit make the cells more spherocytic and thus more 
suspectihle to hemolysis, perhaps through the action of lysolecithin, as suggested 
by Bergenhem and Fahraeus.® Recently I measured the diameter of .the cells 
on a film of blood obtained from the pulp of a spleen immediately after removal 
for congenital jaundice. The mean cell diameter ivas 5.S microns, while the 
mean diameter of the circulating cells determined at the same time was 6,1 
microns. Griiiw’alP® has shown also that the cells from the splenic vein show 
a more pronounced spherocytosis and increased fragility as compared with 
peripheral blood. 



The characteristic changes in the blood after splenectomy for congenita 
hCmoljTic icterus are shown in Fig. 5. The icterus index returns to noi’mal, and 
the reticuloeytosis disappears quickly. There is a gradual steady rise in heme 
globin. The increased fragility of the red blood cells persists to a lesser degi'ee. 
Heilmeyer^'^ has made the same obseiwations. The spleen might also affect t le 
cells in some other way so as to injure the cell envelope and thus make it 
susceptible to hemolysis. The spherocytes of congenital hemolytic icteius ar® 
more susceptible to destruction by heat than are normal cells. The blood o 
three patients who had had a splenectomj* for congenital hemolytic icterus, 
blood of two patients who wei’e suffering from the disease but w'ho were no 
splenectomized, and the blood of a normal individual were heated in a wate 
bath for three hours. There was onty a ti'aee of hemolysis in the normal hloo ^ 
The blood of the splenectomized patients showed well-marked hemoljsis, n 
much less hemolysis than tlie blood of the patients with the active disease. * 
mean cell diameter in the splenectomized patients ivas 6.9, 6.7, and 6.8, wi 
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a Yolunio tliiekncss index of 1.31, 1.43. and 1.33. The mean coll diameter of 
the other patients was fi.H and 0.4. with n volume thickness index of 1.54 and 
1.4G. The hemolysis was most marked with the mean cell diameter of G.4. 
Another patient with a mean coll diameler of G.2 showed the most marked 
hemolysis when his blood was heated for throe hours at 42® 0., with the control 
sliowin^^ only faint hemolysis. 

The ])ersistence of the spherocytosis and increased frairility after si)lencc- 
tomy, without clinical evidence of <lisensc, sliows that the hone marrow is still 
.supplyinj; cells thicker than normal. The fact that the cells are more si)hero- 
cytie, more fratiilc, and more .suseeplihle to hemoly.sis hy heat before the spleen is 
removed proves that the spleen in some way alTects the cell. This may he caused 
by chanuiii" the cell .shape only or hy aftVetinir the constituents of the cell so 
that it becomes more si)herocytie and less resistant. Perhaps the action of the 
spleen on the spherocytic cell is the normal action on every cell. In any event, 
this is .sufiicicnt in eonjicnital hemolytic icterus to cause destruction of the cell 
and a consofiiicnt anemia. Ilawk-slcy'* and flripwalP'’ have emphasized that 
there is a sjdonic factor, as well as a con'icnilal nhnormality of shape, in the 
causation of the anemia. Doan, Wiseman, and Krf"’ arc of the opinion that 
the spleen is the chief or^an in the hemolytic process. Ileihneyer^' considers the 
spleen entirely rcsponsihlo for spherocytosis and increased hemolysis. 

There arc evidently factors other than shape afl'celinfj the frajiility of the 
cell in Qonponital hemolytic icterus. W'hile there is a striking' parallelism hc- 
t^\cen the resistance of the cells to hemolysis in hy]>otonic sodium chloride solu- 
tion and the degree of spherocytosis, there are also exceptions to this rule. Thus 
in one i)aticnt with a marked spherocytosis (volumc-thiekness index 1.C7) the 
red blood cells liavo repeatedly shown a fragility within the normal limits or 
little beyond it. It is evident that the citvclopc of this jjatient’s cells is more 
resistant than the usual cell with such a shape. The cells of another patient 
studied immediately after a hemolytic crisis, during which transfusions were 
given, were more resistant to liypotonic hemolysis than would be expected from 
the degree of si)hcroeytosis. Later there was a gi'cat increase in fragility with 
little change in cell shape. 

While spherocytosis is a constant fmdiiig in congenital hemolytic icterus, 
splicroeytosis may he present without increase in fi'agility, and the increase in 
fragility may not parallel the spherocytosis, dust what are the factors influenc- 
ing the strength of the cell membrane or the stability of the stroma making it 
more resistant to release of strain is not clear. There may well be some qualita- 
tne variation in the protein or lipoids of the cell, or even a difference in the 
cmes.s of the cell envelope. The normal i)i’otcctiYc action of the plasma may 
'HD also. Any such changes might afford a protective action against lysins. 

In congenital hemolytic icterus there is a microspherocytosis throughout 
1 c- After splenectomy the anemia disappears, and the spherocytosis is less 
marved. Spherocytosis may he seen under other conditions also. I have ob- 
'e marked spherocytosis in three patients with outspoken lencemia. The 
from hypotonic solutions was increased as one would expect 

t\Y * nf Ihe cells. In each instance the spleen was enlarged, and in 

0 instances it w-as removed without influencing the extent of the anemia or the 
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course of the disease, Anollior patient with a prol)n])le sarcoid of the hing had 
spherocytosis and increased frajiility of varyin*: intensity, depending on the 
degree of activity of tlic lung disease. The patient has made a complete re- 
covery. The marked licmolytic anemia has disappeared, as has t!ie spherocytosis. 
It seems apparent, as emphasized Ijy Ponder, that a toxic process may so affect 
the cell as to make it spheroid. In the hemolytic anemia j)roduced by phenyl- 
hydrazine, I have demonstrated a spherocytosis whieli is only an evidence of 
damage to the cell, witli release of the internal .strain and the taking on of a 
.spherical form. 



af,„_ 6.-^hangos In llic blood of patient shoxvlnp ncqulrrtl f<|)hurocytosls of unknown origin 
thp hypotonic fragility Is unchanged. Tlio hemoglobin change.s little nntl 

rcyslsts. Tho sidencrtomy did not niter tho mtnl 

cyto.sl*), ns Indicated by the volunic-thlckncsH Index, hecomes i 


. course of the dlsea.'se. 
more marked. 


Damoshek and Schwartz’® studied tlic cliangcs taking place in tlic red blood 
cell when the guinea pig is injected with antiguinca pig licmolytic serum. The 
cells of die animal injected become spherocytic and sliow increased fragility in 
J'potonie sodium chloride solution. They furtlicr demonstrated isohemolysins 
of the immune body type in three patients with acute licmolytic anemia. In 
one spherocytosis and increase in fragility were marked. All three were relieved 
} splenectomy. Dameshek and Schwax'tz conclude from their experimental 
. hemolytic anemias are due to liemolysins and that the splieroeytosis 

ue to hemolysis and not primarily to an abnormal type of cell. These 
0 servatioiis only sliow that spherocytosis can he acquired. It is very doxibtful 
e her they have any application in congenital hemolytic icterus. The spliero- 
cjtosis here evidently results from the reaction of the cell to the injuiy by 
^icmolysis. 


in f studied one patient with marked spherocytosis and a great increase 

constantly had large amounts of lieniolysin in the blood plasma, 
was^l patient had a marked anemia, his volume thickness index 

® • , and hemolysis began in 0.60 per cent sodium cliloride solution. There 
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was no family history suggesting congenital hemolytic icterus, the blood of other 
members of the family was normal, and the patient had been entirely well until 
the onset of his present illness. The anemia was so marked and the response 
to therapy so poor that splenectomy was done. There "was some improvement 
for two months, but the reticulocytosis, the hemolj’’sins, the increased fragility, 
and the spherocytosis persisted. The anemia became progres-sively worse. The 
patient died of the anemia five months after the splenectomy. Autopsy showed 
no trace of a spleen. It is apparent that the spherocytosis and anemia here were 
not due to the spleen. This patient evidently had an acquired spherocytosis, 
and the hemolytic anemia was not dependent on any abnormality or activity of 
the spleen. The changes in the blood (Pig. 6) are in marked contrast to those 
observed following splenectomy for congenital spherocytosis (Fig. 5). 

Sickle-cell anemia and the erythi’oblastie anemia of Cooley are also good 
examples of chronic hemoljdic anemia. In these anemias there is evidently an 
inherited defect in quality of the stroma, so that the cells disintegi’ate and arc 
removed by the spleen. The curious shapes observed in sickle-cell anemia are 
simply the expression of this abnormality of the stroma. As the stroma changes, 
especially with anoxemia, the cell takes on the characteristic sickle form. These 
diseases must be looked upon as congenital defects in quality of the stroma. 


There may be other unrecognized congenital defects in the stroma. 

I have recently observed a mother and tivo children, all showing an identical 
hemolytic anemia. The mother’s mother had died with jaundice, anemia, and 
enlarged spleen at an early age. All three patients showed icterus, reticiilo- 
cytosis, and free hemoglobin in the blood plasma without hemoglobinuria. Re- 


peated study of the red blood cells showed no increase in hypotonic fragin ) 
and no spherocytosis. The cells hemolyzed rapidly, however, under conditions 
in the laboratory which ivould not produce hemolysis of normal cells. A 
tomy was done for the mother wdthout influencing the hemolytic process (Fig- 0- 
It seems apparent that the only logical explanation for such findings is a con- 
genital -weakness of tlie erythrocyte which makes it more susceptible to liemoljsis. 
The presence of free hemoglobin in the plasma should have shown that splenec- 


tomj^ was contraindicated. 

The anemia of malaria and other protozoan diseases in which the red oo 
cells are invaded and destroyed by parasites needs no discussion. Likewise, 
there is nothing unusual about the anemia dependent on the destruction of ce 
by various poisons which affect the different constituents of the red^ blood ce^- 
The anemia of snake venom poisoning is one of the most interesting o 
group, because it has been provmd that the venom removes the unsatiuate 
acid from the lecithin molecule, thus producing lysolecithin which is a 


hemolytic agent. ■ . 

As red blood cells are destroyed, hemoglobin must be set free. 
curious fact that even with most marked hemolytic crises in congenital hemo 
icterus no free hemoglobin is ever demonsti-ated in the blood plasma. Li ^ 
in a sickle-cell anemia, Cooley’s anemia, and the so-called idiopathic 
anemia, free hemoglobin is not demonstrable. In this group of cases 
apparent that the cells are destroyed within the spleen or other parts o 
reticulo-endothelial system. It is in these cells also that hemoglobin is 


integrated with the production of bilirubin. 
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In anotlicr group of licniolytie nnemins, however, hemoglobinuria is a strilr- 
ing clinical feature of the patient’s disease. Thus, in transfusions with incom- 
patible blood, b.v the action of isobcmol.vsins, hemoglobin is set free; if it rises 
above a certain level in the blood plasma, it is exerelcd b.v the K’idnoys. The 
parox.v.smal hemoglobinuria due to cold is again due to the overflow of free hemo- 
globin through the kidney ns a result of the rnind destruction of cells by an 
amboceptor-complement reaction. In such instances the hemoglobinuria is not 
due to the hemol.vsis of cells alone, as with even more rapid dc.struction in the 
crises of congenital hemolytic .iaundiec no hemoglobin is present in the iilasma. 
The essential difference here seems the fact that the hemolysis is taking place 
in the circulating blood rather than in the spleen or other ti.ssues where the 
hemoglobin is disjiosed of without becoming free in the blood plasma. It is 
apparent that siilcncctom.v is not indicated if the cells are bcmolvzing in the 
plasma unlc.ss the s|ileen is setting free a toxin which has never been itroved. 
It is possible also that the hemol.vsis in such cases is due to the loss of normal 
protective ])Ower of the blood plasma. 



The in the blood of a patient with hemolytic anemia without spherocytosis, 

^’ote the neriitet "®™off^obinemia The splenectomy did not alter the course of the disease, 
icisisience of hllh ubinemia and rctlculoc> tosis imd absence of ri.se in hemoglobin. 


One type of Jiemolytic anoinia, first described by Marchiafava and Jlicheli 
^ a y, seems a definite clinical entih* ® Tn this type the patients have not only 
liern^ but also constant hcmoglobinemia and hemoglobinuria. The 

emoglobinuria is described as paroxysmal and nocturnal and seems to be char- 
th iT stages of the disease and of milder cases. I have examined 

bee patients and observed another. The blood of one patient has 

hist^ I’epeatedly from every standpoint. Sueli cases have no family 

adoles^ (disease. The condition is usually not manifested until after 

cenee and may develop at any age. No spherocytosis is present. Ham*^ 
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has demonstrated that the cells are more susceptible to hemolj'sis Yath iveak 
solutions of acids than are normal cells. It seems evident that the disease is 
inherent in the red blood cells. The defect is certainly in quality and not in 
shape. The spleen has been removed from several patients without influencing 
the course of the disease. Here again it seems that the presence of free hemo- 
globin indicates that the defect is in the red blood cells and is such as to allow 
them to hemolyze in the circulation. If this is true, a splenectomy should not 
influence the disease. This has been the experience of everyone with splenectomy 
in this type of hemolytic anemia. No other treatment has been found of value. 

There is a flnal group of hemolytic anemias which we speak of as idiopathic. 
Some are probably due to infections; some to the presence of nnidentifled hemo- 
Ijdic agents. The spleen seems at fault in others. Fortunately, this group is 
small. Splenectomy is usually justified if hemoglobinemia is not demonstrated. 
The results are variable. 


SUMMARY AND CONCLUSIONS 

A hemolytic anemia is due to an excessive destruction of red blood cells 
beyond the compensatory capacity of the bone marrow to deliver new cells. 

The normal red blood cell has a delicate structure which may he injured in 
many ways. The biconcave shape results in a state of strain in the stroma. 

As erythrocytes arc destroyed, iron is set free, and hilimbin is formed as 
the end product of hemoglobin destruction. 

The clinical picture of a hemolytic anemia is an anemia with jaundice and 
an enlarged spleen. 

The laboratory study in a hemolytic anemia shows a high reticulocyte count 
from excessive marrow activity, a high icterus index, and a hyperplastic bone 
marrow. 

The excessive destiuiction of red blood cells in a hemolytic anemia maj 
result from (1) damage to the red blood cells, (2) an abnormal shape of t 6 
red blood cells, (3) a congenital defect in quality of stroma, or (4) an ovei 
activity of the spleen. 

The mechanism of hemolysis varies with the hemolytic agent. 

Wlien a cell is injured, it tends to assume a spherical shape since the sham 
incident to the biconcave shape is released. 

The most characteristic and clinically important hemoljdic anemia m con^ 
genital spherocytosis or congenital hemolytic icterus. The inherited defect m 
is the abnormal shape of the red blood cell. 

A spherocyte is more easily hemolyzed than is a biconcave disk. 

There is a direct relationship between hypotonic fragility of the led 
cell in spherocytosis and its shape. A sphere has a smaller surface area m r ^ 
tion to volume, so it can undergo less stretching before hemolysis occurs m 
biconcave disk. 

The anemia disappears after splenectomy in congenital hemolytic ictm” 
The spherocjdosis persists, but it is less marked. 

Spherocytosis may be acquired since an injury to cells by 
cause it. Acquired spherocytosis is characterized by increased fragility o 
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111 innny heinolylic juioinias tlierc is no nhnonnality of sliapc so the licmol- 
ysis must doiiond upon otlun* factors, such as an abnormal reaction, changes 
in the cell membrane, stroma, or constituents of the plasma, or abnormal reticulo- 
endothelial activity. 

In sieklc-oell anemia and in the crytlirobhislic anemia of Cooley, there seems 
to be a congenital defect in the stroma which allows tlie cells to be easily hemo- 
lyzcd abnormally. 

If hemoglobinuria is jircsent in a hemolytic anemia, the cells arc being de- 
stroyed in the circulating blood and not in the spleen. 

Witli liemoglobincmia and liomoglobimiria, splenectomy is contraindicated. 
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PRESERVED BLOOD “BANKS” IN RELATION TO TRANSFUSION 
IN THE TREATMENT OP DISEASE* 


JoHX A. Kolmer, M.D., Philadelphia, Pa. 


QINCE lilood transfusion has come into •wider and ■wider use not only in the 
treatment of hemorrhage, surgical shock, and the anemias, but also in the 
treatment of the prothrombin deficiencies, hemorrhagic dyscrasias, acute and 
chronic infections, -with special reference to the septicemias, as well as many 
other disease states, and, since the use of preserved blood in “banlis” has be- 
come increasingly popular because of its several advantages, it is my purpose to 
discuss briefly and concisely the value of different preservatives and to point out 
the limitations of preserved blood as a therapeutic agent. 

In the Lbiited States human blood is commonly preserved in “banks ’ by 
the addition of 14 e.c. of a sterile 2.5 per cent solution of chemically pure sodium 
citrate in physiologic saline solution to each 100 c.c. of blood, with preservation 
at 4° to 6° C. in a refrigerator. This gives a 0.35 per cent concentration of 
sodium citrate for the prevention of coagulation, and after typing, sterility, and 
Wassermann tests, the blood is ordinarily available for ti’ansfusion over a period 
of ten days to several weeks. 

Physiologically, and according to clinical experience, such preserved eitrated 
blood is apparently satisfactory for the restoration of blood volume and is 
superior to saline, glucose, and acacia solutions in the treatment of seveie 
traumatic hemorrhage and shock. Whether or not the erythrocytes are 
sufficiently preserved to carry' on internal respiration is debatable; likeivise 
the question as to whether or not the platelets and prothrombin are sufficienth’ 
preserved for the treatment of the thrombocytopenic purpuras, other henior 
rhagic dj'serasias, and the hemorrhage of jaundice. 

It is sometimes stated that the chief value of blood transfusion in the treat- 
ment of septic states, ■with or without associated septicemia, is to combat t f 
secondary' anemia, and that it is not indicated or required until or unless (be 
hemoglobin is reduced to about 40 per cent, with a corresponding reduction m 
eryfflirocytes. 

With this I do not agree. Septicemia is apparently' the result of a break 
do^wn or exhaustion of the normal clearing mechanism of the blood; not in- 
frequently the result of continuous accession of bacteria and their toxic pio ne 
from foci of infection of the fixed tissues. I have gradually gained the convie- 
tion that one of the most important reasons for frequent transfusions in > 
treatment of septic states, and especially those with an associated 
is to furnish specific and nonspecific immune substances in the blood of 
donor, which may have become reduced or exhausted in the hard-pushed pa 
or recipient. Furthermore, it is not unlikely that the leucocytes of fresh b o 

•From the Research Institute of Cutaneous Medicine, Philadelphia. 
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may serve n useful therapeutic luirposc. Therefore, witliout questiouius the 
value of transfusion in septic states from the standpoint of eomhatinp sccondar-y 
anemia, it seems to me that jii-oper emphasis must be idaced upon its possible 
additional value from the immuunlo"ie standpoint, and if this is true, the thera- 
peutic status of preserved eitrated blood sbonld be examined from both angles. 

Briefly and in f'eueral terms, it may be staled that normal or natural re- 
sistance and immunity to infection are due in iiarl to specific antitoxins and sucli 
sensitizin;: antibodies as apstlutinins, opsonins, and bacteriolysins that may be 
present in the blood. To these, from the nonsiieeifie standpoint, must be added 
complement, Iculdns (from leucocytes), and plakius (from platelets). Among 
these, the o])sonius arc of particular impoHaiiee because of the role they play in 
phagocytosis, not oidy b.v the mierophnges of the blood and fixed tissues, but 
also by the cells of the reliculo-endothclial system. Furthermore, agglutinins 
likewise facilitate both tdiagocytosis and bacteriolysis in vivo and complement 
is especially imjiortant in both particulars, while leiildns and plakins arc ap- 
parently largely responsible for the normal nonspecific bactericidal activity of 
the blood. Indeed, it would appear that the chief therapeutic value of non- 
specific immunotransfusious conduoted by the intravenous injection of the donor 
with 100 million hilled typhoid bacilli in vaeeine j> few bours before transfusion 
is duo in part, both to the transfer of more than normal numbers of leucocytes 
from donor to patient and to additional amounts of these normal or natural non- 
specific bactericidal substances. 

Certainly wo have ample dtila for indicating that these speeifie and non- 
specific mechanisms arc resimnsihle for the rcmarhiiblc eapncit.v of the blood for 
normally clearing itself of organisms and espceially because of iihagoeytosis 
by the cells of the rcticulo-cndotbelial s.vstem. In septic states, especially sep- 
ticemia, it is a logical deduction that this clearing meehauism is reduced or 
e.xhaustcd. If this is true, one of the purposes of transfusion in treatment should 
he to supply the hard-pressed iiatient with as many of these specific and non- 
specific factors as po.ssible. One cannot now .state that natural antitoxins for 
die several exotoxins of staphylococci and strcptoeocci are reduced or exhausted 
m acute infections and especially septicemia, but this may be logically inferred. 
While it is admittedly difficult to measure complement in relation to bac- 
teriolysis, it is comparatively easy to measure it in relation to hemolysis, and I 
am convinced on this basis that it is frequently reduced below average normal 
levels in staphylococcus and streptococcus septicemias. Indeed, I believe that 
one of the purposes of transfusion is to supply the patient with the complement 
of the donor; and I believe the same applies to opsonins, which likewise have 
neon found to undergo reduction below average normal levels and especially 
m acute fulminating infections. 

If one of the purposes of transfusion in the treatment of septic states is to 
supply the patient with these .specific and nonspecific immunologic principles, 
in addition to combating secondary anemia, the question at issue is whether or 
not transfusion supplies them in amounts of therapeutic value, in view of the 
act that normal blood admittedly carries but small amounts of these substances. 

^ifforence of opinion that exists on the clinical value of transfusion 
m e treatment of acute and chronic infections is largely on this basis. Insofar 
as specific antibodies are concerned, it would appear that the blood of con- 
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valescent or actively immunized donors is to be preferred on the basis of supply- 
ing larger amounts, and for this reason specific immunotransfusions are always 
to be preferred when possible. 

Furthermore, and especially in relation to preserved citrated blood in 
“banks” for the treatment of acute and chronic infections, and particularly 
septicemias, the important question is whether or not immune bodies, as well 
as functionally active erythrocytes and platelets, are sufficiently preserved to 
be of value. Most attention has been given the matter of preservation of 
erythrocytes and the prevention of hemolysis, but as I pointed out in 1939,' 
blood so preserved showed such rapid disintegration of polymorphonuclear 
neutrophiles with reduction in their phagocytic activity, along ivith rapid dis- 
integration of platelets and gradual loss in bactericidal activity, that preserved 
citrated blood was considered inadvisable for the treatment of the anemias, 
hemorrhagic states, and infections, although it was apparently' useful in the 
treatment of acute hemorrhage and surgical shock. 

Recently' there has been an increasing appreciation of the fact that if dex- 
trose or dextrin is added to preserved citrated blood, sodium penetration and 
cell swelling are decreased, with inhibition of hemoly'sis as originally shown by 
Rous and Turner.- Thus Maisels and Wliittaker^’ ■* reported, not only these 
effects folloiving the addition of carbohy'drates, but also an increase of surface 
area of the erythrocytes, so that they' can tolerate a larger absolute inflow of 
fluid. Ayhvard and his colleagues® found that citrate-glucose preservation is 
superior to citrate alone in delaynng hemoly'sis and retards chemical changes in 
the cells, leading to an increase of plasma inorganic phosphate with reduced 
plasma potassium probalily' due to a lower degree of hemolysis. DeGowin, 
Harris, and Plass® likewise found that large amounts of isotonic dextrose reduce 
hemoly'sis and that ery'throcy'tes better resist the effects of shaking and agitation. 
Whether or not efforts toivard the prevention of hemoly'sis in preserved blood 
is a matter of practical importance, although desirable from the standpoint o^ 
therapy', cannot be stated; particularly since 0 tShaughnessy and his colleagues 
have reported that 5 per cent solutions of hemoglobin in Ringer’s solution arc 
capable of earry'ing oxy'gen and maintaining osmotic pressure although not 
capable of maintaining life more than thirty-six hours because of rapid remova 


by the cells of the reticulo-endothelial sy'stem. , 

Belk, Henry', and Rosenstein® liave confirmed my' observations on the mai ^e 
and rapid disintegration of granulocytes and platelets in preserved citrate 
blood, and have showed increased fragility of the erythrocytes, rapid glycolysis- 
changes in oxygen capacity, and plasma carbon dioxide. They also observed t ba 
the transfusion of hemolyzed blood produced jaundice in some cases. Whetlici 
or not preservation with dextrin or dextrose with sodium citrate results in bettei 
preservation of granulocytes, platelets, and immunologic properties of plasma 


has required investigation. 

Under the circumstances I have thought it advisable to deteihinic t ic 
properties of four well-known preservatives (txvo without and two with cario- 
hy'drate) in relation to the fragility', dehem oglobinization, and disintegiatio^^ 
of ery'throcy'tes; and in relation to the preservation of leucocytes, witli speeia 
reference to the polymorphonuclear neutrophiles, platelets, prothrombin tim^ 
isoagglutinins, complement, and bactericidal activity'. Some attention has bee 
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(.'iven protlu'omliiii, iis based upon cxainiiiiitinus eniidoyiii'; the method of 
Howell, but the teebniipie cni|)loycd for Ibe eolleetioii and proservatioii of blood 
(lid not jicrmit the use of the metbod of Quiet. Nor biive 1 iueluded determina- 
tions for potassium, since neCtowin and bis colleapiues" have shown that there 
is progressive diffusion from human orytliroe.vtcs into idasma, roaeliin;' the 
maximum in from fifteen to twenty days, and beeause variations in sodium, 
cliloride, citrate, and dc.xtrose in preservatives, as well as differeul temperatures 
and atmosidieres, did not affect the rate of difCusiou wbieb cannot be explained 
by the release of this ion from cnm|)letcl.v beinolyzed eor|)Usc!es. Furtbcrmorc, 
it was found in blood preserved for iis Ion;; ns thirty days that the diffused 
potassium was neither toxic nor hipb enough to cause sicnifieant elmni;es in the 
scnim potassium of the recipient.'” 

Two adult donors were selected belonjiiiif; to "roups and 15 and the blood 
of each was used with the followin'' four incservatives: 


(a) Sodium Citrntr (citrato): 

Imodium ritrato (tlihytlrio) 2..") Gia, 

Distilled wutor 100.0 c.c. 

11 P. 0 , tlip solution are used with HHt c.o. of Mood, coni’cntrntion 

of 0,:ij per cent cllrato, 

(h) .l/o.s'cotr Institute of Jlcmt\tolot}y (M.l.II.), ns i'.'* Elbott**: 

Sodium cliloride H.j Gin. 

Soiliiim eitratf* (dihydrie) 2.5 Gin. 

rota*‘sium chloride 0.1 Gin. 

Majnic^ium sulfate 0.002 Gin. 

Distilled \\ater 500.0 c.e. 

100 p.c. of tlic solution are used with 100 r.c. <>f blood. 

(c) lUnfi'Turnrr (K-T), ns described ly DeOouin, llarri'*, and Plass''*: 

Solution A: 5.2 Om. hodlum eilrnte (dihydrie) div-iohiHl in 100 c.c. of distilled 
water. 

Solution B: lO.S Gin. dextrose diS'*olve«l in 200 p.p. of distilled water. 

For u.«ie, 20 c.c. of solution A nnd 150 e.c. of solution B are mixed with 100 c.c. of 
blood. 


(d) .1/nwels and IVhittalccr (MAV)d- ws described by tlieso author?: 

Sodium chloride 0.45 Gm. 

Sodium e.itrato (dihydrie) 1.05 Gin. 

De.xtrin S.5 Gm. 

Distilled water 100.0 c.c. 

For use, 50 e.c. of the solution are mixed with 100 c.c. of blood. 


Before use eacli preservative solution was sterilized in tlic Arnold sterilizer 
or one liour on each of two sueccssivc days and eacli was examined for sterility 
ijy aerobic and anaerobic cultures. / 

Tlic mixtures of blood and pi’cservativc were kept in a refrigerator at 4° to 
C., and the following ten examinations were conducted witli each within 
wenty.four hours, three, five, seven, ten, fourteen, and twentv-one days after 
collection : 


1. IMacroscopic record of spontaneous dchemoglobinization. 

2. Fragility or tonicity of erythrocytes. 

3. Total erythrocyte counts. 

4. Total leucocyte counts and morphologic changes in the 
polymorphonuclear neutrophiles. 

5. Differential leucocyte counts. 
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6, Platelet counts by the smear method. 

/. Prothrombin time of the plasma (Ho\Yell method) 
h. Preservation of isoagglutinins in the plasma. 

9. Complement content of the plasma for sensitized sheep 
corpuscles. ^ 

10. Bactericidal activity of the plasma for B. typlwsMs. 

Hnxvpin determination of prothrombin time (method of 

to rclnSl'c'on^ i pvothrombin could not be employed 
on in to technical conditions. Rhoads and Panzer^^ stated that blood nreLved 

deLlrf'encouZiV”'”'-’''’'!?’ P™fc™K. 

min K and Z Llm T “t adequately treated will, yil„. 

they recommend Ihal" T’ ‘o &'«*!> blood tW 

eonibat the hemm ,■) ^ ^ ihtter be used wlien transfusion is intended to 

IZilJbL ir f “ ®'Sler>‘ also found ti„t 

hticb iZ d TT ”T“' ""J i" Z in 

old “banked” blonl' Prothrombin content of the blood by transfusion, 

Prothrol^ rP V' f ^^kewise found that the 

L’ controlling 1 decalcified blood and tliat it is inferior to fresh blood 

academie vahm ti laundice. However, the matter may be of more 

tvTtf Sesiri on? mctieal interest, since it is thought that transfusion even 

* bf:t. zTtrzT' “* 

for ervtliroevfes)n”^*'^*^*^^^ was tile question of the persistence of isoagghtticins 

eitrated blood Mnn ? * intravenous injection of stored plasma from 

Te cl i ll 1 ^ 500 e.c. of blood) at the rate of 

gliitinating the erythroc^herof tl° tlioiigh it is capable of ag- 

and Koerner hlro ' ^ ^ recipient in dilutions as high as 1:80. Knott 

several weeks \ h ^ eitrated plasma may retain agglutinins for 

test tt irv I T temperature. They think it is advisable to 

before admlnistvnr f ^ with a 1 :50 dilution of stored 0 plasma 

in hio-h concentrot'^”^’ ® plasma sometimes contains agglutinins a and b 

A, and AB capable of quickly agglutinating the corpuscles of groups 

The results of this iuvestigatioiP« have shown that: 
cytes ao-ainst'Xir’'^”?^?’^^® Preservatives gave better protection of erythro- 
citrate “aud M„ee„:rti“rieSllg; “pte^ZeT” 

P s nmt^l? carbohydrate preservatives gave s mewhat better 

piesenation than the two without dextrose or dextrin. 

within thrL'^davt platelets occurred with all four preservatives 

Pit ?aBon '''• f^5ohydrate preservatives gave somewhat better 

pieseiu ation than the two without dextrose or dextrin. 


koi.mi:h: lu.oon “iunks” ix tijaxsi’itsiox 
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4. A slifzlit (locreaso in i)nitlirombin time (Howell) wns observed with the 
plasmas of all })rcscrvod bloods within the fii*sl twenty-four hours of collection 
of blood, inTsumnbly due to disintojiration of platelets. Durin*; the following 
three to seven days this was followed by an inerease. i)resuinably due to lo.s.s 
of prothrombin. 

a. The isoagglutinins showed no decrease during the first ten days with all 
four preservatives, but showed some diminnli<»n after fourteen and twenty-one 
(lays, which was somewhat less marked with the two carbohydrate preservatives. 

G. Complement was well t»resorved by all four ])reservativcs for the first 
seven to ten days. 

7. The bactcrieidal activity of the plasmas for li. itiphnsus was well pre- 
soiTcd ])y all four preservatives for seven days, following which rapid deteriora- 
tion occurred. 

It is apparent, therefore, that none of (bo four preservativi's employed in 
this investigation afford ndeciuato proleetion of the polymnrphonnelear neu- 
trophilic Icucoeytcs and platelets, and that this phase of blood prc.scrvation has 
not received the attention it deserves in relation to the transfusion treatment 
of tho acute and olvvonie infections as well as, possibly, in relation to the hemor- 
rhagic .states duo to prothrombin defieioney. 

Possibly the same api»lios to the transfusion treatment of the anemias, al- 
though preserved blood ai»poars ade<iua(e for the treatment of neutc hemor- 
I'liagc and surgical shock. For these purposes MncDonalil and SlcphciP® join 
me in the belief that the addition of dextrose (modified Kous-Tiirncr) or dextrin 
(Mai.sehs and Whittaker) (o the in-eservative is advisable as they botli appear 
to pre.scrvc erythrocytes better than jdain citrate or tho preservative advocated 
by the H 0 .SCOW Institute of Hematologj'. Boland, Craig, and Jaoobs®° believe 
that the jM.I.II, iircservative is advisable for long jireservation and the plain 
citrate for .short preservation. With these conclusions I cannot agree. I advise 
that blood preserved for more than three days, altliough apparently satisfactory 
for the treatment of acute hemorrhage and surgical shock, should not be used 
m the transfusion treatment of acute and chronic infections, and tlie anemias 
and hemorrhagic state.s.* 
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THK RETICULO-KXDOTlIlvUAL SYSTEAf; ITS I’lIYSIOEOOY 
AND PATHOLOGY* 


CiiAiiua A. Doan, JI.D., P.A.C.P., Coi.umhus, Ohio 


I JDIUNITY, iis currently conceived in tlic lifrlil of tlie fiietnal evidence accinmi- 
latcd over tlic past fifty years, consists in the cfieclivo interaction of at least 
two essential comiionents, the one cellular, the other humoral. With the cievclop- 
nient of lita! dyes li.v Eiirlicli,’ and the dcnion.sfration hy GoUhnamt- of their 
selective scgrcftation in large phagocytic ceils tliroughoiil the connective tis- 
sues, the foundation was laid for studying the iirotective role of .specialized 
uiammnlian cells in the disposition of foreign particulate material, hotii ani- 
mate’ and inaniinatc.' The recent chemical synthesis of azo dye antigens’ has 
now provided hislo-immunologists with a crucial linh in the chain of objective 
evidence'’ required to identify this same .system of jihagoeytie cells as the most 
prob.ahlc source of circulating, humoral, immune, antibody globulins.' The 
really tremendous significance of thc.se cellular conslituonts to mammalian 
health and survival, therefore, has been gradually but certainly established. 
Conversely, the physiologic conscrvational phagocytic activity of this system 
of cells may become excessive for one or another of the norma) eircnlnting ele- 
ments, resulting in a variety of constitutional jiathologic states, which will be 
analyzed briefly later. Tims, throughout (he modern era of the microscopic 
study of cellular systems and tissue reaetioii.s, wliicli lias paralleled elo.scIy the 
evolution of the seicnce of Iiaeterial immunology, functional rathor than purely 
morphologic considerations Imvo dominated all rcsearehes in tliis field hy noces- 
eity .is much as hy choice. 


IIOKPHOLOGIC AND WIYSIOLOOIC CONSIDRn.mONS 

The speculative curiosity and academic interest of tlie emhryologist and 
t le histopathologist, nevertheless, through the years have continued to guarantee 
le accumulation of various morpliologic details bearing upon tlie respective 
erjgins and the relationships which the phagocytic ceils of the blood and tissues 
ear to eacli other, and to the noiiphagocytic tissue elements. Suffice it to say 
ere, without reviewing in extenso the variety of opinions and evidence presented 
e sewhere,*' ’ that Aschoff and Kiyono’" in 1913 very well indicated, and at the 
same time effectively arbitrated, the two chief divergent liypofiieses in tiio eoncep- 
twn and creation of the term “reticulo-cndothelial .system.” Bj' tins designation 
ua.s implied that the definitive phagocytes of blood and tissues, other than the 
microphages" (neutrophilic grannlocylcs) of Mctclmikoff,” could bo derived 
' connective tissue reticulum or from specialized endothelial colls, or 

mm both, depending upon location and circumstance, and, perliaps, definition, 
present time only minor modifications or elaborations of this broad fune- 

From the Department of Medicine, Collesc of Medicine, Ohio State University, Columbus, 
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tional generalization may be said to have resulted from the intensive and diver- 
sified clinical and experimental investigations carried forward during the inter 
vemng years. 

^ Any earefuh firsthand, objective study of the problem today with the 
TOriety of technicpies available will reveal certain, readily verifiable inorpho- 
ogie facts, subject to few exceptions, but susceptible of no little controversial 
interpretation. Reference to Chart 1 will suggest a skeleton outline of possible 
cell relationships within the broader limits of the reticulo-endothelial concept. 
It reflects one more attempt to “streamline” the consensus of current opinion 
as the basis for this part of our discussion. At the apex is placed the non- 
eontroversial, universally accepted, multipotential, mesenchymal anlagen for all 
b ood and eonneetnm tissue^ elements, from which point of departure all cell 
le a ions ips and interrelationships and interpretations under consideration 
must by common consent originate. In the most primitive connective tissues 
a east t lee morphologic types of cells may ahvays be differentiated; fat, 
cells, endothelial cells, and reticulum cells. 

ROLE OF THE FAT CELL 

^ The lipohlast, forerunner of the widely distributed fat cells of the tissues, 
aiises rom undifferentiated perivascular, mesenchymal cells related to the 
^^WmannT t^istinct from fibroblasts (Maximow, Mallory, Friedrich, 

ells has recently emphasized again the necessity of including adipose 
issue witiin the reticulo-endothelial concept in harmony with the glandhhe 
histologic character of the unfatted fat organs, and in conformity with the 
e I eiice rat many cells distended with fat are still entire)}^ capable of carry- 
ing oil 0 lei functions. Dogliotti” has shown that both brown and white fat 
issue ce s may store vital dyes like other reticulo-endothelial derivatives, 
umich process is especially well seen in the depleted fat cells; and Bremer'^ 
as demonstrated in the thin oytoplasmie ring in the periphery of fat-distendea 
ce s, granules of vital dyes suggesting participation by fat tissue in antibody 
orma ion. s might be anticipated, the opposite interpretation of such objec- 
f ^ seivations has been advanced, Gluin Chang^^ believing his experini^’^' 
a y altered omental and marrow fat cells in the rabbit to be nothing more or 
ss lan maciophages with a predominant fat content. He cites the finding 
p laoOcytized hemosiderin and entire granulocytes in such fat-laden cells 
as encums antial evidence of a macrophage origin for all fat cells. Certain 
1 is a monocyte and lipoid-stimulated epithelioid cells of blood and tissues 
lequen j siow a special type of progressive fatty metamorphosis, resulting in 
iltimate cell rapture in tuberculosis associated with easeation.^^ Hausbergcr” 
las reported tlie ability of the interseapular fat organs to form fat from carbo- 
ly rate by way of glycogen deposit in the fat cells. Schoenheimer’s studies’' 

jy \ ""y^^^^^yy^^'drogen showed immediate deposition of most of 

e 00 a 111 specific adipose tissue, rather than direct metabolic utilization, 
e eapaci j o ep eted fat cells to take up water, thus becoming extreinch 
hydropic, has been noted in our own studies of experimental marrow hypo- 
-P asia in pigeons, and observations by Wassermann"'’ of hydrosis of distended 
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fnt cells led him to su^^ost that adipose tissue may play an important role in 
water metabolism. The truth probably lies somewhere between the extremes of 
the positions taken by the various invcsliirators; viz., that lipoblasts are more or 
loss difCerentiatcd cells of the eonneelive tissues, i>re(lominantly e(juij)pcd to 
efficiently store and prom])tly release essential fatly substances in the normal 
metabolic economy of the mammalian body, and on occasion, under special 
oireumstanecs, such cells may take in small amounts of other substances; the 
true niacrophnfie, eonvcr.soly, participates, if at all. in fat phagocytosis only 
incidental to fat necrosis and to other pathologic disturbances involving fat 
metabolism, as for example the xanthomatoses. 



TIS.SU1: MAcnoi’iiA(}i: 


Tiie large highly phagocytic macrophage found in the parenchyma of 
spleen and bone marrow and scattered througliout the diffuse connective tis- 
sues IS rarely seen in the circulating blood due to its size and sluggish motility, 
uch cells divide, giving rise to new, potentially phagoc^'tic units on demand, 
ultimate, fixed tissue origin being difficult to determine, being possibly 
1). Tliey phagocytizc large particles of debris, digest whole 
^ and white blood cells, selectively segregate vital dyes, and show intra- 
neutral red, Avith a pH range from 6.8 to 8. Anchored 
^ sinuses of the liver and presumably deriving from the lining endo- 
e lum are functionally and morphologically similar units, the so-called 
liem lymph nodes subject to drainage from areas of necrosis or 

Ihc sinus endothelium hj-pertrophies, becomes highly phagocytic, 
mdividual cells may even detach themseU’cs, becoming free and rounded 
phagocytes. 
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THE MONOCYTE 


On the other hand, always to be found in the circulating blood physiologi- 
cally are the potentially phagocytic monocytes (large mononuclear or transitional 
cells of Ehrlich), which when stained supravitally with neutral red, reveal a 
more or less definite rosette pattern of small preformed segregation vacuoles, 
uith constant pH.^' Their number in the blood is usually a direct reflection o{ 
their quantitative, extravascular representation in organs and tissues of the 
body, and they participate more or less actively in the cellular reaction to a 
variety of stimuli.-- These blood monoe3des appear to arise in the inten'aseular 
tissue spaces in association with undifferentiated, fixed reticulum cell hj'perplasia, 
and must undergo a period of development with the elaboration of characteristic 
mitochondria and specific vacuoles before motility or functional maturity are 
attained. However, under stress, when engorged with whole blood cells or 
excessive nonspecific debris, the definitive phagocytes in a given inflammator)’ 
area frequently become indistinguishable morphologicalty in terms of their 
endothelial or reticular cell origin. The term “macrophage” (big eater) cor- 
rectly' and accuratety describes such cells irrespective of their remote derivation. 


INTERRELATIONSHIPS OF THE PHAGOCYTIC CELLS OF MAMMALIAN TISSUES 

Starting, therefore, ultimately cither from specialized fixed endothelium or 
from fixed reticulum cells with primitive mesenehjTual potencies, certain free 
phagocytic cells arise, showing more or less differentiating criteria with respect 
to cell size, morphology, staining reaction, degree of motility, intravacuolar pH, 
segregation capacity, and selectivity. Under various pathologic conditions and 
during in vitro cultivation, these differences may be either accentuated or num- 
mized. Such firmly established and well-documented observations have re- 
sulted in two principal divergent intei’pretations ; first, that all morphologic 
variations refiect simply different phases in the life cycle and/or stage of fnnc 
tional activity of one cell strain-, second, that environmental circumstances 
more or less modify or efface the original identifying criteria of cells nit 
phagocytic potencies arising from two or more sources. 

The evidence adduced to date from tissue culture has tended largely to 
support the first conception. In the earlier studies the survival in vitro o 
living blood or tissue cells was associated almost invariably with extrewe 
vacuolization, much of which was degenerative. With improvements in tec - 
nique, more particularly the determination of essential nutritional elemen 
and optimum gas concentrations for explained cells, and with adequate pro^ 
%'ision for elimination of catabolic products, conditions were rendered 
nearly physiologic and interpretations have been correspondingly more rea 
transferable to in vivo phenomena. During recent years in this labors 
Houghton^^ has directed in vdtro culture studies toward the better undeis a 
ing of this problem of the interrelationship of blood and tissue phagocytic ce 
The monocyte of the normal blood would seem from these observations 
very considerable powers of survival, multiplication, and adaptation to i ^ 
tional requirements, more certainly than can be demonstrated for ciicu 
lymphocyte, or for any of the granulocytic series of cells. Under ics 
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ditions (lofmitive “inncrophnfips” a))j)enr, xvliieh are iiidistiiifiiiishable from 
the tissue iiiaeroplmKes and xvliieli quite oliviously liavc lieen derived from the 
eirculatiii" blood inoiioeytes. 

Ebert and Florey-* modified the Sandison-Clark chamber technique for 
the in vivo study of the cxtravascular development of the monocyte in the 
rabbit's ear. Tissue cells xvere mnrkeil with vital new red, pontaminc sky blue, 
or triiqian blue. With the aid of carbon injections, cireulatiii" iidt-containing 
“monocytes” were observed to emigrate into the organizing clot on the growing 
edge of an injured tissue area. Iloxvcvcr, ‘‘though it xvas thus made certain 
that the blood inonoeyte was capable of developing cxtvavaseularly into a cell 
indistinguishable from that frequently called a hi.stiocyte, it was not quite 
clear that all the macrophages iiresent at the <leveloi)ing edge originated from 
monocytes. It is coneeivahle that some were due to the mobilization and division 


of pre-existing tissue histioeyte.s.” While .su)>ravital preparations of nabbits’ 
blood stained with neutral red were reported to have been made, no study of 
the ti.ssue cells under similar conditions is recorded by these investigators. Jly 
co-workers and I‘“' ” have shown that ticid diazo dyes in dosages comparable 
to those used by Ebert and Florey, while jirominently identifying the so-called 
macrophages or ^histiocytes already in the tissues, are only rarely, if at .all, 
demonstrable within the monocytic derivative.s, if the latter arc defined and 
identified by the rosette of vacuoles, revealed by superimi'osing vital neutral red 
upon the living tissues in (lucstion. Ebert and Florey interinet their data as sup- 
porting the monocytic origin of the ti.ssue histioe.vte, but in all fairnc.ss, a critical 
review of their evidence is hardly more convincing or conclusive in that direc- 
tion than many previous studies. Of genuine interest, from the functional 
standpoint, however, are their obsci-vations sugge.sting that macrophage-ingested 
erythrocytes may bo comiilctely broken doxni within two hours, and that these 
same tissue macrophages, containing ingested va.selinc, survived, and remained 
relatively stationary in position and condition within their rabbit car ‘‘cham- 
bers” over an eleven-month period. 


Reference to Chart 1 again may as.sist.in clai’ifying the ramifications and 
piobable relationships of those inoi-phologically differentiable cells which con- 
Iribute ultimately- to the group of functionally active phagocytes known de- 
scriptively and collectively as niacrophapos. Fi-om fixed endothelium and from 
reticulum — either directly, or via the lipoh!ast-fat cell route, or through the 
^onoblast-monocyte-epithelioid maturational development — may be derived de- 
itivc units, which become increasing!}' difficult to recognize in terms of their 
oUgm, as maximum, heterogeneous, nonspecific, phagocytic activity obscures 
^ other cytoplasmic criteria. Under physiologic conditions there can be no 
oubt as to their individual identity and more or loss selective functions: the 
issue-distributed macrophages of spleen and bone marrow always contain 
1 e red blood cells in their role of conserver of iron to the body, and an 
occasional identifiable white cell ; the Knpffer cells of the liver and the mesenteric 
- pn node endothelium contain debris salvaged from blood and Ijunph streams 
^ t e normal course of keeping the blood stream free of bacteria and of par- 
its ^ down proteins from the gastrointestinal tract; the monocj'te retains 

rosette of vacuoles, and is fastidious in its selection of only small particulate 
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debris in contradistinction to tlie tissue clasmatoejde or macrophage; and the 
fat cells elearlj^ limit their activities to the storage of lipoids. True, however, 
to the universal biologic principle of a common responsibility for community 
survival when external danger threatens, any or all of these physiologically dis- 
tinctive units may, under pathologic conditions, become mobilized in a common 
cause involving the utilization of a common potential phagocytic capacity, and, 
to a greater or lesser degree, each may be able to contribute to the Immoral anti- 
body globulins so essential to adequate cellular defenses. In this connection, 
Sabin® has pointed out that even the fibroblast may be seen to take up minute 
amounts of vital dyes or dye antigens when excessive quantities are forced 
upon the tissues, and that they may eontrihute their share to the circulating 
humoral antibodies. 


Just as these various cells function more or less selectively in response to 
specific physiologic demands, thereby assuming certain distinguishing morpho- 
logic characteristics, it seems reasonable to assume that under differing patho- 
logic requirements one or other of these units might be able to assume the 
major role of defense, to be secondarily* aided from other areas, if and when- 
ever necessary. Such has been demonstrated to be the case. In tuberculosis the 
monocyte-epithelioid response appears to be primary;^® in kala-azar the macro- 
phagic ingestion of Leischmania donovani bodies leaves the liionocytes of the 
hamsters relatively unaffected.-® As further studies of pathologic reactions are 
analyzed on. the basis of these cellular concepts, the examples will doubtless be 
multiplied. 


Turning now to other areas vvhere the interrelationships are perhaps less 
involved, w'e come to the question of monoblast and myeloblast. Usually under 
both physiologic and patliologic conditions these stem cells, precursors of then' 
respective cell strains, may be more or less readily differentiated. The criteria 
are admittedly more readily applied in supravital preparations and Eomanonsh} 
stained blood films than in fixed sections. It is in tissue culture, however, that 
the potential capacities for dedifferentiation have been most strikingly observe • 
HonghtoiU® believes, from liis studies of normal human blood, that the myeo 
eytes which appear in his cultures after three to six weeks are not arising fro® 
"primitive cells," but from tlie so-called "monoeydes,” which gradually ose 
their more mature characteristics and then begin to elaborate specific graim 
or to develop vacuoles and phagocytic capacities typical of the macrophage, 
cultures of leneemic monoeydes tliere is the uniform appearance of fibrohlas - 1 ' 
cells after a few days, unquestionably* derived from the monocytic elements ; t 
is in sharp contrast to cultures of hnuphatic and myeloid leucemic cells. Hong ' 
ton’s observations would tend to invest the monocyde with the most versa 
capacities for response to environmental demands of any of the blood oi 
elements. Aside from this unexpected attribute of specific granule 
by the monocyde in cultures, the myeloblast of the normal hone marrow di 
tiates from parenchymal retienlum cells, develops specific granules, d 
neutrophilic, eosinophilic, or basophilic in reaction to the Eomanowslry s a 


and follows the maturational sequence general^ recognized.' 


The lymphocyte, wdth its lack of differentiating charaetevistics,^conbi|^^ 
to intrigue the imagination of all eydologists as the most logical pn" 
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cell” from wliieli an clnboratioii of spceifif cytoplnsmie structures or materials 
may arise. However, as iuereasiiigly detailed and eareful cytologic and func- 
tional studies are applied to lymplioeytes in blood, lymidi, lymph nodes, and 
tissues, it becomes ever more evident that this cell 1ms an independent life cycle-''' 
and existence (Chart 1) altogether enmpiirable witli those oliservcd for the 
myeloid and erythroid elements.'” 

Tlic plasma cell, while always found in close a.ssociation with the lympho- 
cyte, physiologically and in chronic inllnmmatory tissue reactions, would seem 
to stem bach rather directly to the in-imitive free coll arising from reticulum, 
and to dcvelo]) from an innuaturc iilasmacytoblast with highly individual mito- 
chondrial characteristics rather than from the difl'erentiatcd lymi)liocyte. 

The intravascular origin of luegaloblast and red blood cell series from fixed, 
spcci.alized, hematogenic, cajdllary cndothelinm in bone marrow-' is indicated 
on Chart 1 for the sake of completeness, and to suggest the functional relation- 
ships of endothelium under difl'ering eirenmstanees, but has no other iilace in 
this discussion. 

n.VTIlOLOOIC CONSIDKll.VTIO.SS 

Coiiffcmilil Ihmoliilic Jaundice . — Directly related to the well-c.stablishcd 
physiologic ])hagocytie function of the rctieulo-cndothelial system for senile, or 
damaged, or imperfect blood cells would seem to be certain constitutional 
pathologic .states in which an exce.ssivc de.struction of tlicse same elements is 
at least one factor contributing to the clinical -symptom syndromes. Normal 
erythrophagoeytosis, occurring in the mncropbnges of spleen, liver, and bone 
marrow in varying degree in difTcrent s])ceies, is followed promptly by red 
Wood cell disintegration and by a splitting of the hemoglobin molecule into 
globin and hematin. The latter is further broken down into (1) the iron-free 
pigment hematoidiu, which becomes the bilirubin of the plasma in hemolytic 
jaundice, or is secreted by the hciiatic parenchymal cells as bile; and (2) hemo- 
suUrin, in which form iron remains stored until needed for hemoglobin re- 
synthesis in the bone marrow. JIann and his associates”” have demonstrated con- 
clusively that the macrophages of spleen and bone marrow, not the stellate cells 
of the liver, arc normally the ])rincipal sources of bilirubin, and Kanncr”" has 
reported, and we can confirm, that no histologic alteration in the Kupffer cells 
ef the liver occurs in hematogenous icterus. Upon these observations may be 
based the modern approach to the pathologic physiology of human congenital 
hemolytic icterus. A dominantly inherited constitutional tendency to excessive 
hemolysis, upon which many environmental factors (pregnancy, trauma, minor 
mfections) may play disastrously, has been clearly established.”" The more 
active phases of this disease are invariably a.s.sociatcd with a directly proportion- 
ate degree of splenomegaly, in which excessive parenchymal erythrocyte segre- 
gation and phagocytosis may readily be demonstrated. Jloreover, splenectomy', 
"hen successfully accomplished, and if it includes the removal of all accessory' 
splenic tissue — even though the operation be performed during an acute hemo- 
c astie crisis”' — invariably results in an immediate, complete, and usually- perma- 
nent remission. Any significance, other than diagnostic, of defective, spherocytic 
erylhrocytogenesis in congenital hemolytic icterus remains unsettled. Haden”” 
e leves spherocytosis to be the congenital prerequisite to increased erythrocyte 
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i-hagcs. Both leuoopenin and moderate thrombneytopenia, on the contrary, 
are api)arently related to an Iiyi)en)Iasia of overaetiA'c niacropliages in an 
hypertrophied spleen. 

The evidence just presented, viewed in its entirety and in its interlocking 
and overlapping details, would certainly .seem to justify the belief that the 
physiologic function of reticulo-cndothclial phagocytosis by the normal spleen 
may become pathologically accentuated, either as an inherited or ns an ac- 
quired trait; and that any or all of the elements arising in the marrow physi- 
ologically may he individually or eollcetively preyed upon to the e.xtent or 
degree of producing .symptoms charactcri.stic of each critical deficit point, 
respectively. In addition to the usual information, differential and quantita- 
tive cell studies of the sternal marrow, together with data obtainable from the 
adrenalin test, arc essential to the critical analysis of the mechanism under- 
lying these several syndromes, and ns a basis for determining their therapeutic 
rationale. 

i!EL.vTioNsuie or Tin; utnTcur.o-i:N'i)OTiii;i.iAi- system to iiuaiouai. immunity 

In addition to the ob.scrvafions of selective phagocytic activity on the part 
of the rcticulo-cndothelial cells, a great many investigations have been under- 
taken in the attempt to demonstrate a direct relationship between this cellular 
system and humoral immunity. Reticulo-endothelinl cell blockade rvith carbon 
particles or various vital dyes, or extirpation of the spleen, or both, have pre- 
ceded the administration of a. variety of antigens, with the variation in anti- 
liody titers, subsequently developed, used to measure the sjiecifio sensitivity 
of the tis.sue response. Jfost of the evidence thus accumulated has seemed to 
indicate the existence of an intimate relationship between the integrity of the 
reticulo-endothelinl system and antibody formation. 

When foreign erythrocytes arc injected into an animal for the first time, 
they arc promptly removed and destroyed by intracellular phagocytosis ; rvhen 
red blood cells from the same source arc again injected after a suitable interval, 
intravascular, extracellular hemolysis occurs through the action of circulating 
hemolysins. That the cellular elements originally responsible for the elimina- 
tion of the foreign red blood cells by phagocytosis should be the most likely 
sonree of the newly developed hemolysins is a reasonable assumption. In sup- 
port of this hypothesis is the almost complete agreement that hemolysin pro- 
duction is interfered ivith to a greater or lesser degree by retieulo-endothelial 
Woekade." 

Bersistent endocrine therapy has been frequently observed to lead to the 
development of hormone refractoriness. Collip and liis collaborators” have 
shown that acquired hormone refractoriness is serologically transferable, and 
certain studies have pointed toward a compensatory hypertrophy of antag- 
onistic endocrine glands as the underlying nieclianisni.” The extensive and 
i^nly suggestive experimental studies reported by Gordon, lOeinberg, and 

firipper,^^ however, seem to link the retieulo-endothelial system to this phe- 
nomenon. They found that, while the daily subcutaneous injection of preg- 
l^&nt mare’s serum, gonadotropin, caused a maximum ovarian weight increase 
in normal female rats by the seventeenth day, in parallel tests with splenec- 
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tomized female rats the initial rate of ovarian increase was twice as fast, and 
the development of refractoriness was delayed until the twenty-fifth day. By 
combining splenectomy with trypan blue blockade, hormone refractoriness with 
resulting regression in ovarian weight was not observed even after fifty-five 
daily hormone injections. Refractoriness to thyrotropic hormone in normal 
guinea pigs developed within twenty days, whereas in splenectomized, dye- 
blockade controls it was delayed for at least fifty days. The effects of splenec- 
tomy on the development of testicular hypertrophy in male rats following daily 
injections of gonadotrophic substance were in accordance with the same law. 
Gordon and his colleagues argue that since participation of the reticulo- 
endothelial system seems to be essential for the development of hormone re- 
fractoriness, antihorniones are true antibody, immunologic adaptations despite 
their alleged failure to give routine, complement deviating, test tube reactions. 

Most convincing, however, in this general area have been the recent co- 
operative inv^estigations of chemist, immunologist, and cytologist, each utilizing 
the latest technical approaches to the problem in his own domain. In 1930 
Heidelberger and Kendall® synthesized a dark red dye protein, R-salt-azo- 
benzidine-azo-egg albumen, with marked antigenic properties, that showed 
highly selective phagocytosis by cells of the reticulo-endothelial system. 

Preparing a more highly purified antibody than had previously been avail- 
able, Heidelberger and his associates,’ using the ultra centrifuge and determin- 
ing electrophoretic mobilities, found the molecular weights and electrical phe- 
nomena of antibodies to be those characteristic of proteins. This was in con- 
formity with the previously observed invariable association of antibodies vvi i 
the globulin fractions in serum. Sabin,^® it will be remembered, pointed out m 
her early study of the chick blastoderm, among other things, the liquefaction 
of some of the angioblastic cells differentiating from the primitive mesenchyme 
to form the first protein-containing blood irlasma. Ranvier^' had noted t e 
“shedding of exoplasm” by certain of the larger connective tissue cells in t c 
frog, vv'^hieh led him to designate these elements as elasmatocytes. Supiavi a 
preparations of livdng cells from blood, lymph nodes, spleen, omentum, 
peritoneal fluid regularly confirm the fragmentation of cytoplasm. This 
nomenon is especially prominent in young lymphocytes, monocytes, and c as 
matocytes or macrophages. These observations suggest the mesothelial oUo^a 
of some, if not all, of the serum proteins ; and the increase in fibrinogen a 
globulin following large doses of India ink and saccharated iron oxi e 
been explained on the basis of a stimulation of the tissue phagocytes, ec . 
Sabin® took the alum precipitate of Heidelberger ’s dye protein, vvhose 
visible purplish-red particles had been proved to be of superior an o 
potency,’ and followed its physical disposition via vmrious avenues o 
in rabbits. When givmn intravenously, the resulting antibody titer was Ud 
than vvdien the antigen was introduced by the intradermal, 
intraperitoneal routes, with phagocytosis by local macrophages an 
ljunphatic endothelium and free macrophages of the regional lymph no es 
The details of this study make fascinating reading, brrt the 
finally interpreted seemed to justify the following conception : the p 
endothelium, both vascular and lymphatic, as well as the free niaci 
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of the tissues evceywhci'e, are eonstantlypliopoeytiziiif' torcigii materials wliicli 
may be divided into two general groups, antigens and nonantigens. Tliese sub- 
stances are first segregated into the vacuolar organs of dige.stion of the cell 
and prepared for diffusion into the cytoplasmic zone of synthesis; the normal 
food suh.stanccs inge.sted are utilized in the formation of normal globulin, but 
foreign antigenic proteins increase and modify this synthesis of globulin, so 
that with the shedding of parts of the .surface fdnis of sncli cells, both normal 
and antibody globulins arc carried into the blood iilasma. This conforms with 
the observation of a eoncomitant increase in both under such circum.stanees. 
These cells, during the period in which the modified globulin remains within 
the cytoplasm, react differently from the normal cell in the presenec of addi- 
tion.al original antigen, thus relating “sensitization” and “immunization” to 
different phases of the same mcclinnism. 

The variation in species and individual response to various antigenic sub- 
stances is readily e.xplnined by Sabin’s observations. Two distinct steps are 
necessary for the develoiunent of antibodies: first, the phagocytosis and intra- 
vacuolar preparation of the antigen for introdnetion into the cytoplasm proper; 
and, second, the synthesis of new and modified globulins, floth these phases 
require time, which would naturally vary with the (piantity of antigen avail- 
able, its relative ease of degradation, and its ability to modify normal globulin 
sjmthe.sis. Furthermore, the units Avhich comprise this ])hagocytic defcn.se 
system of the mammalian organi.sm are as diversified in origin and definitive 
type, and probably, therefore, in functional specificity and cfticicncy, ns are 
the .several units of a modern arm — granulocytes, monocytes, clnsmafoeytes, 
endothelial phagocytes, specialized ns in the Kui)ffcr cell and nonspecialized 
as in the lining cells of the lymph sinuses ; and it is jirobablc that each responds 
differently, quantitatively if not qualitatively, to different antigens and under 
different environmental circumstances. The various chemotherapeutic agents 
cither assist or prevent clinical recovery' in infections diseases to the extent 
that they aid or hinder this important cellular mechanism of the body in its 
phagocytic and antibody-forming functions plus any direct effect they may 
have on pathogenic bacteria. 

These recent studies of Dr. Sabin and her chemical and immunologic col- 
laborators marlv an enormous advance in our understanding of the essential 
mechanism of natural and acquired immunity, yet represent but a logical con- 
summation and final unique demonstration of an hypothesis supported by the 
gradually accumulated experience of many years. 

SUJtMAItY 

b. ' ’’"mmai’y, the following points may be accepted as a tentative working 
lasis for present therapeutic apidic.ations, and for further exploratory excur- 
sions into this absorbing and important phase of medicine: (1) the reticulo- 

othelial system represents a functional unit arising from mesenchymal 
euvatives possessing a common phagocytic capacity; (2) certain morphologic 
■'i^sociated with a variety of physiologic functional requirements may 

recognized; (3) under pathologic conditions and in tissue culture such 
,, ^Pliomgic criteria may become either accentuated or diminished; (4) when 
IS y stimulated, all phagocytic cells, regardless of the ease of differential 
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identification under physiologic conditions, tend to assume a common appear- 
ance and may be designated by the common descriptive term, macrophage; 
(5) while originally protective and conservational in functional objectives in 
the normal body economy, these phagocytic scavengers of the mammalian 
tissues may assume an excessive selective destructive affinity for any of the 
normal blood elements, thus precipitating a variety of characteristic clinical 
syndromes; (6) the spleen is usually the site of the greatest destructive activ- 
ity, and when the appropriate diagnostic tests have localized the major pa- 


thology to this organ, splenectomy is indicated as the rational therapeutic pro- 
cedure ; (7) conclusive evddence of the active jiarticipation of the reticulo- 
endothelial cells in humoral antibody production would now seem to have been 
obtained; (8) this reaction has both favorable (protective antibodies) and un- 
favorable (hemolysin production) implications for mammalian survival; (9) a 
constantly increasing accumulation of carefully controlled factual information 
is providing an ever broader and moi'e substantial foundation for a more effec- 
tive manipulation of this importaift- -defense .unit .in dhe interest of individual 
health. - ~ 
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this narrow sense “Imctcrial allergy” denotes the skin reaction elicited by bac- 
teria and their i>roducts. This reaction is utilized in clinical practice to detect the 
existence of a specific altered reactivity pre.sunial)ly engendered by previous 
exposure to tlie particular bacterial antigen. 

Because of certain differences in the general charaeleristics of skin re- 
actions to certain bacterial antigens as compared with response to other antigens 
such as soluble proteins, it is currently and erroneously assiiincd that the mecha- 
nism of bacterial allergy is essentially difTercnt from that of liyiiersensitivencss to 
other antigens. This unwarranted assumption is largely due to the fact that 
much of the early knowledge concerning bacterial allergy came by way of the 
study of hypersensitiveness in tnbereiilosis. 

The hypersensitiveness developed as a result of ex])osure to the tubercle 
bacillus, however, is not entirely ty]>iea! of bacterial allergy in general. In 
some respects it represents an exception in that the exposed animal in addition 
to producing antibodies (and thus becoming sensitized) to preformed antigens 


present in the bacillus il.sclf (as in the ease of an exi^osiire to other bacterial 
antigens), develops also sensitivity to some as yet not definitely known product 
originating within the infected (issue (tubercle). ^Vhile direct evidence for the 
existence of this product is not abundant, the experiments of Me Junkin® (with 
peritoneal exudates of tubcreulous animals) and tliosc of Zin.sscr and GrinneU® 
(in which delayed necrotic tubereulin-Hke reaction was obtained uitli products 
of nutolyzed pneumococcus in animals previously sensitized witli large amounts 
of this organism) point in this direction. JForeover. the findings of Dienes^ 
clearly show that delayed innammatory (tuberculin type) response may be 
olieitod with antigens otlier tlian bacterial, iiot.ably with egg wliitc (and pre- 
sumably with other common antigens), provided that on the firet exposure the 
‘lutigen is introduced (directly or indirectly) into a .site in whicli an inflamma- 
tory process has been set uji. In short, the basic mechanism of allergic response 


m tuberculosis is not different. It represents merely a modification in some of 
the details of the reaction due to supcrimposition of the peculiar properties 
of the tubercle bacillus and of the palliologic process which it engenders; under 
suitable conditions this modified type of response can be superimposed on the 
wsual allergic reaction to such typical antigen as egg wliite. 


That the response of hypersensitive animals to bacterial antigens is basically 
entical with that observed with typical antigen derived from other sources 
^as been sIioa\ti in some of the earliest studies. Thus Kraiiss and Doerr found 
iR 190S that intravenous injection of bacterial extracts into guinea pigs causes 
Jpical anaphylaxis and death of sensitized animals^ and that the serum of 
^Runals sensitized with bacterial vaccines is capable of inducing hypersensitive- 
m normal animals, so that such passively sensitized animals respond with 
^^pbj lactic shock to a subsequent intravenous injection of homologous bacterial 
uiusT^^ recently, Zinsser and Parkew showed that isolated smooth 

sc e of either actively or pas.sively sensitized guinea pigs responds with 
"^vheii it is exposed in vitro to contact with specific bacterial 
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Even in the case of hypersensitiveness to antigen of tubercle bacillus these 
basic responses have been elicited, provided that the complicating factors 
incident to the comiilexity of the antigenic structure of the bacilhis and of the 
pathologic process it engenders are eliminated. Thus Enders® produced tj-pieal 
anaphylaxis in guinea pigs by intravenous injection of the soluble specific 
substance (specific hapten) of this organism both in animals actively sensitized 
Muth dead tubercle bacilli and in those passively sensitized vith immune rabbit 
serum. Similarly, instead of a delayed necrotic reaction tj’pieal of the re- 
sponse in infected animals, an immediate evanescent wheal and erythema, 
characteristic of the usual response to ordinary soluble antigens, is elicited when 
animals sensitized with extracts of ground-up tubercle bacilli receive intra- 
cutaneous injection of tuberculin.® 

It is to be noted, however, that in all the experiments already quoted, 
the antigenic materials used for sensitizing the animals, and particularly for 
eliciting the typical immediate response of hypersensitive animals, consisted 
either of crude bacterial extracts or of separate soluble fractions isolated from 


the latter. "When coarse fragments of bacteria or suspensions of intact organ- 
isms are used in place of extracts, the local response of sensitized animals 
consists of an atypical delayed inflammatory reaction; and when such par- 
ticulate antigens are introduced intravenously, one may fail to ehcit any 
sjnnptoms whatever if all soluble material has been carefully removed ^ .j" 
centrifugation. To elicit typical symptoms analogous to those observed 
ordinary soluble proteins (such as egg white, serum, etc.) bacterial antigens 
must also be present in the state of solution. However, this dependence o t e 
symptomatology of allergic response on degree of dispersion of the anticen 
is not a particular attribute of bacterial allergy. The failure to elicit typica^ 
reactions has been noted with any* antigen if it is used in a more or - 
coarsely particulate state, such as erythrocytes, for instance. That the p ysi^^^ 
state of antigen is the determining factor is particularly dearly seen 
instance of such common antigens as egg white, which similarly fails to e 
characteristic reactions in sensitized animals if the test injection of this 
is given in the form of coarse particles (as seen when suspension of 
of collodion coated with egg white are injected instead of a solution 
Avhite). If this question of the degree of dispersion of antigenic 
kept in mind, it becomes clear that atyqiical reactions observed with ac 
antigens do not indicate any difference in the basic nature of the 
do not justify the separation of bacterial allergy as being due to a i e 


mechanism. 

Similarly, the claun that bacterial allergy seems to differ from pf 

soluble proteins in that it may be elicited in certain instances in the a^s 
demonstrable antibodies, is also invalidated upon adequate analysis, 
be noted that intact bacteria ■in general possess a relatii’ely low a 
activity. Even in the case of bacterial extracts, several i^^eetions o 
are required for the production of appreciable concentration of ;,io5t 

bodies, as well as for securing effective experimental sensitization. 
likely due to the fact that bacterial substance, even in extracts, is or 
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pai't not ill llio state ot true solution, and a lai-fje jiart of it is l)ha!'oeyted, 
di^wtod, ami thus eliminated from the circulation hefore it has had opiiortu- 
aity to produce widespread antipcnic stimulation u|ion the body cells necessary 
tor the copious production of antibodies. 

Ou the other hand, small amounts of antigen eireulatinp in the blood even 
for a relatively short time may be fixed by such tissues as the shin, an organ 
known to take up very quickly from the cireiilatiou many (but not all) sub- 
stances introduced into it,'" and jirodiicc local antigenic stimulation. It is for 
this reason that not infrcquentl.v the skin test to bacterial iiroteiii (as well as to 
other poor antigens) may be positive, while the blood stream may show so low 
a concentration of antibody that its demonstration by usual serologic methods 
may fail altogether, lloreover, similar irregularities can he shown to exist under 
certain conditions even in the ease of ordinary protein antigens. For instaneo, 
if a nornial guinea pig receives a sensitizing in.ieetioii of egg white or of horse 
serum and suhsequeutly is tested by daily iiitradermal in,jeetioiis of the homol- 
ogous antigen, the character of the response to iiitradermal in.jection will var.y 
as the antibodies are being gradiiall.v iirodneed. The skin test iierformcd twenty- 
four hours after the soiisitiziiig injection will be negative; that is, the animal still 
fails to react iiUorgically — it behaves like any normal animal. However, on the 
second or on the third day (while no circulating antibody can as yet be demon- 
strated), the aiiimal may exhibit a modified skin response — namely, at the 
sight of in,ieetion tlicve will aiilieiiv n wheal. However, instead of appearing 
immediately after injection as is the rule when soUihlc jirotein is injected into 
the skin of a fully sensitized animal, there will bo a delay of from eight to 
twenty-four hours. Only after several days (five to seven or more) have 
elapsed after initial sensitization will the animal re.spond with a typical 
evaacscent wheal and erythema, apiicariiig within a few minutes after intra- 
tlermal injection of the antigen; at this time circulating .mtibodies can usually 
he found. Tliis occasional failure to demonstrate the circulating antibody (and 
consequently also the failure to secure a passive transfer with the sevnin of 
hypersensitive individuals) docs not suffice to justify the claim that this type 
of hypersensitivciiess is independent of antibody. In fact, in many such in- 
stances where ordinary niethods liavc failed, it is possible to demonstrate the 
piesence of antibody either by sharpening tlic methods of detection (such as 
the use of agglutination of antigen-coated particles instead of attempting to 
secure precipitation of the antigen directly") or by securing the antibody from 
skin e.xtracts or blister fluid. 


A particularly important source of confusion in connection with attempts 
to arrive at the proper correlation between the somewhat aberrant phenomena 
Observed in clinical bacterial allergy and those elicited in hypersensitiveness 
to relatively simple soluble proteins, is the complexity of physical structure 
end of the antigenic composition of the bacterial cell. Both when acting as a 
sensitizing antigen and as a reagent for eliciting the existing state of altered 
'eaetivity^ bacteria do not act as a single antigen hut represent “packages,” 
eaoh containing a variety of independent antigens and haptens. As a result, 
spending upon the initial portal of entry (and, in final analysis, depending up- 
Ob the relative rate of disintegration of cells and liberation of independent 
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antigens), the parenteral introduction of heat-killed suspension of a pare 
strain of bacteria may result in the production of a variety of antibodies simul- 
taneously or of some at the exclusion of others. Tims, for instance, repeated 
intravenous injection of heat-killed suspension of ’ the smooth variant of 
pneumoeoceus of a given type will give rise to type-specific (anticarbohydrate) 
as well as to species-specific (antiprotein) antibodies, and consequently vill 
bestow upon the skin of the recipient animals the capacity^ to react to isolated 
specific carbohydrate derived only from the particular type of pneuraococcas, 
while at the same time it will react to the protein fraction derived from tk 
pneumococcus of any type. The serum of such animals will specifically agglu- 
tinate suspensions of this organism and will passive^ protect mice against in- 
fection with homologous type of pneumococcus only. 

However, while the specific carbohydrate of these cells is the factor ivliicb 
determines the type siieeifieity of this bacterial antigen, the isolated carbohy- 
drate by' itself is devoid of the power to stimulate antibody production unless 
it is intimately' coupled to other constituents, as in the intact bacterial cell. Con- 
sequently, intravenous introduction of ground cells, or in any' Avay disintegrated 
cells, derived from identical cultures fails to stimulate the production of type- 
specific (anticarbohydrate) antibodies. 

Similarly, if the killed suspension of intact bacterial cells is introduced le- 
peatedly' into the shin of normal animals (instead of intravenously us abo\e), 
such animals also fail to develop type-specific antibodies. Consequently, their 
serum does not possess the ty’pe-specific agglutinins, nor is it capable of con 
ferring passive protection to infection in mice, although the animal (donor 
of the serum) itself has acquired a degree of resistance to infectiou not oU 
with homologous, but with any type of pneumoeoceus. The skin of sue 
animals will fail to react to specific carbohy'drate, but will react to tliepioteni 


fraction derived from pneumococcus of any ty'pie. 

On the other hand, Avhen bacterial antigens are employed as 
elicit the presence of the altered reactivity of the skin, the outcome o 
tests frequently may he vitiated, depending upon whether or not the pi- 
antigenic components or the specific haptens are present, and whether K ‘ 
available in a particular preparation in particulate or in soluble state. ^ 

In addition to the above-mentioned constituents, the cell of 
possesses several other antigenic components. Analogous, though not 
components are present in all bacterial cells, and not infrequently' it u 
that some of the constituents of the cells of a given bacterial species^ai 
genieally' more or less closely' related to the corresponding constituen^^^^ 
cells of more or less biologically unrelated bacterial species, 
prising, therefore, that some of the results of skin tests suggest a re ^ 


of specificity. Yet with adequate knorvledge of the “antigenic 
the reagents used, these apparently confusing findings may' often Re- 

interpreted without assuming the existence of a fundamental 1 1 e 
tw'een the respective mechanisms of bacterial and protein alleroY^ ja 
ample, the skin of animals immune to pneumoeoceus type^ l'\viLI 
extracts of Priedlander ty'pe B bacillus, and serum of such anima s 


spectrum 
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novmal mice against experimental infection ivith this organism. This ap- 
parently nonspecific phenomenon of bacterial allergy is easily explained by 
the finding that the specific carbohydrates of these two biologically unrelated 
organisms are antigenically related. This relationship can be proved by 
showing that the .skin of animals immunized by intrar-enous introduction of 
suspensions of Friedliinder type B (but not of anj- other type) bacillus rvill 
reciprocally react both in vitro and in A-ivo with the specific carbohydrate of 
tjTie II pneumococcus, but not with that of any other tj'pe of this organism. 
Similarly, because Bacillus proteus possesses a carboh 3 -drate immunologieaUj- 
related to that present in I{ickctt.sia, the former organism, ivhile utterly unre- 
lated biologically, is routincl.v cmploj'cd as a reagent (antigen) in serologic 
diagnosis of U-plius CWcil-Pelix reaction). 

Furthermore, this complexitA- of antigenic structure, with all the resulting 
apparently nonspecific immunologic cross reaetiA'ity, is not limited to bacteria, 
hut is found also in the tissues of higher plants and animals. Thus, for instance, 
the presence of related alcohol-soluble constituents (so-called Foi-ssmann anti- 
gen) can he demonstrated b\- immunologic tests in seA’eral unrelated species 
of bacteria, as Avell as in corn, beets, turnips, and in certain tissues of chickens, 
guinea pigs, horses, and in the type A. human ciythrocytes. 

Thus, Avhile this apparent lack of spccificitj- may be confusing, it is not a 
particular attribute of bacterial allcrgj’, and if not recognized represents a 
potential source of error in all immunologic reactions Avith complex antigens. 
In reality, the apparentlj' aberrant phenomena observed in bacterial allergy 
(provided all other potential errors* incident to skin-testing are eliminated), far 
from indicating lack of spccificitj’, on the contraiy are the expression of strict 
specificity tvhich transcends the demarcations of onr cui'rent classifieations. 

Still another characteristic AA-hich is adduced as a reason for ascribing to 
bacterial allergy a mechanism distinct from that operating in protein allergy 
■s the lasting effects of dcsensitization. While specific desensitization is readily 
accomplished in experimentallj’ sensitized animals, clinical literature is replete 
"ith CA’idcncc of failure to secure corresponding results in human beings. 
Jloreover, in the case of protein sensitiA’ity in man, in those instances AA'here 
csensitization is attained, it is less solid (ivith respect to its intensitj’) than 
at exhibited in e.xperimental animals and is of relath'elj- short duration. In 
contrast to this, Avhile desensitization AA'ith bacterial antigens is not more eer- 
am of attainment, in cases Avhere it succeeds it is usually found to be more 
aa id and considerably more lasting. 

In order to be able to interpret the meaning of these observations, it is 
necessary first to recall what is the basic mechanism of dcsensitization in 
protein anaphylaxis. As the term itself implies, it is generally as.sumed the 
1 ure of desensitized animals to react to injection of antigen is due to in- 
— ^ ^ ^ tissue cells to anchor the latter because of exhaustion of antibodies 

Parllcufa^Hv as occasioned by differences in ape, physiologic condition of the subject, and 

Infection (both state of the skin (anergj*. dermography) : the presence of foci of 

Intensity) 7 unsuspected past or present "undercurrent" Infections of subclinica! 

reactivity ’of nf contaminating unrelated antigens and impairment of specific antigenic 

preparation et^*^ reagents which may arise as a result of improper procedures used In their 
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at their surface. Ho%YeYer, ample emdence indicates that such a concept b 
incorrect, and consequently the term “desensitization” itself is a misnomer. 
From the fact that in animals experimentally sensitized to scYcral antigens, 
repeated injection of one of them reduces the reactiYity of these animals to 
all the other antigens, it is clear that the exhaustion of specific antibodies 
(cYen if it should occur) is not the proper explanation. Similar conclusion can 
be dra'\Yn from the obserYations that no matter ho\Y successful, desensitization 
is iieYer absolute. While “desensitized” animals may fail to react to injection 
of seYeral times the initially reactive dose of antigen, the injection of still larger 
amounts will elicit specific response. Fui'thermore, a comparable degree oi 
refractoriness can be induced in sensitized animals irrespective of the nature of 
sensitizing antigen (nonspecifically) by parenteral introduction of a great 
variety of substances both possessing antigenic properties (such as milk, 
defibriiiated autogenous blood, nonspecific bacterial vaccines, etc.) as veil as of 
those devoid of intrinsic immunogenic activity (such as peptone, Bayer 20a, 
lecithin, and in general, substances capable of causing nonspecific ‘ anapb}- 
lactoid” reactions). It appears that the degree of effectiveness of this non- 
specific refz'aetoriness (desensitization) directly depends upon the degree <) 
sj'stemie or local disturbance evoked by injection. The specific “desensitize 
tion” by the introduction of homologous antigen is merely one of 
producing somewhat analogous disturbance (“colloidoclasis” of 
here again the more intense the reaction resulting from a “desensitizing 
jection, the higher is the degree of refractoriness attained. It is for this reason 
that in animals currently “desensitized” by injection of nearly lethal doses^^ 
specific antigen the refractoriness is I’egularly attained. In human beings 
deliberatelj'' decrease the dosage (as should he done) in order not 
serious disturbance ; consequently in order to attain any apprecia i e 
of refractoriness many such injections are required. The duration o 
fraetory state so produced directly depends upon the amount o ^ 
injected to produce it. With bacterial antigens (which are ^ 
active than soluble proteins) we introduce considerably more reaetne 
This is eliminated more slowly and continues to maintain the state 

toriness through continued combination vith antibodies until a 

the ease of byp« 


eliminated, when original sensitivity^ returns just as in 


i eliniinf'^^^ 


sensitivity to proteins. It is this residual bacterial antigen v hic is 
very slowly that is responsible for the fact that frequently in c jjjj 

tions, or in cases with old incompletely absorbed foci of past gBfi- 

skin tests yield negative findings in spite of the presence of demons 
body. 

SUMJIiVRY 


The facts brought out in the preceding discussion indicate 
regularities observed in connection with specific response to ^ due 

tion of bacterial substrates are not fundamental in nature, k’'' 

largely to the complexity of composition, physical state, an jndi- 

inununogenic proper-ties of bacterial antigens. The crrmnlative ,rifl) 

cates that the basic mechanism involved in bacterial allergj is i 
that of allergy to simple proteins. 
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TREATMENT OP ALLERGIC DISORDERS WITH 
" HISTAIMINB AND HISTAMINASB* 


H. L. Alexander, M.D., St. Louis, Mo. 


T he essentials of treatment of allergy have not changed much in the last 
twenty-five years. They depend primarily upon the discovery of the par- 
ticular foreign substances to which the patient may be hypersensitive. Such 
a process is usually an involved one and utilizes skin tests, elimination diets, 
and other forms of environmental control to detect the offending allergen. 
None of these is consistently dependable, and once the cause of symptoms is 
discovered, its removal or a defense against it by specific prophylactic injection 
may by no means be simple. It lias, therefore, been the ambition of maiij 
to find a way that would circumvent the dependence on a specific immunologic 
approach. Many therapeutic measures have heeii introduced for this purpose, 
injections with colloidal suspensions, bacterial vaccines, glandular substances, 
x-ray and fever therapy, and a host of others. Among these have been histamine 
and histaminase. 


HISTAMINE 

The basis of histamine llierapy for allergic disorders is theoretic, and 
vaguely so. It depends upon the assumption proposed by Dale seveial jeais 
ago that when the particular foreign substance to which man or animal is PT 
sensitive comes in contact "with its specific antibody in the tissue cells, 
is released. Histamine, in turn, causes smooth muscle spasm and localize e « 
which are the lesions of anaphylaxis and allergy. Dale’s theory 
support it. ’Whether it is actually histamine or something akin to it t m 
leased by the tissues is not known. Lewis^ proposed the term ‘ H-su s a 
to designate a histamine-like substance. _ 

Although the process hy which histamine is elaborated by the 
was unknown, therapy with this substance for allergic disordei’s was 
some years ago on the theory that it might act as a type of vaccination, 
it had been shoum that liistamine had no effect in preventing anaph} ac 
mals. Recently this has been questioned. Nevertheless, 
given to patients with bronchial asthma, hay fever, urticaria, an 


vas 


in 


abandoned. 


with indifferent results, and in time this form of therapy was - 
anaL^zing these early methods of histamine administration, if is noteu o . 
injections were given as a rule evei’y few days, which, as will be c isei 
have been the cause of its failure. 

During the past three or four years, treatment with histamine 
vived and is receiving considerable support. In contrast to previous - 

^ jj'Oepttsh ' 
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with it, two outstanding facts iiave emerged : namely, its use is limited largely 
to chronic urticaria, and initial injections are given daily or even twice a day. 

Dzinich^ was probably the first to demonstrate that eases of chronic urticaria 
could be markedly benefited b}’ small daily doses of histamine. The same method 
was successfully used by several investigatoi-.s in angioneurotic edema and in 
patients with so-called “cold allergj', in which edema of the skin occurs 
on exposure to low temperatures. The initial dose is small, 0.01 mg., which may 
be built up rapidly to 0.3 mg. After two or three weeks, when improvement 
occurs, injections are given every other day, then twice a week, and finally are 
discontinued. Individuals vary in their tolerance to histamine, but when symp- 
tom of overdosage, such as flushing, headache, and palpitation, do occur, they 
arc transitorj'. 

Piessinger and Gajos' claimed success in the treatment of urticaria by in- 
troducing histamine into the skin by iontophoresis. This establishes a depot of 
the drug, which is slowly absorbed. According to Abrahamson,’ histamine in- 
troduced in such a way will remain in situ for several days. Alexander and 
Elliott’ were the first to treat urticaria with histamine given intravenously. The 
method con.sists in diluting 0.2 mg. of the base with 10 c.c. of physiologic saline 
and injecting it slowly. It had been demonstrated by Barsoum and Smirk” 
that there is a direct ratio between the speed of injection and the amount 
tolerated. llTien 6.7 •/ were injected in two seconds in a normal subject, facial 
flushing and acceleration of the heart appeared. Xo fnrtlier signs were evident 
^\'lien 333.0 y were given over a period of 9.3 minutes. In treating urticaria 
the speed of injection should be such that slight facial flushing and feeling of 
yarmth will occur. The second injection, usuallj’ of 0.5 mg., ls given the follow- 
ing (lay, and it was surprising to discover the degree of tolerance that could be 
established. A third dose of 0.7 mg. may be given the next day. As a rule, 
urticarial wheals diminish after the fii’st or second dose, and itching becomes 
less. Even when wheals disappear, intravenous treatment should he supple- 
mented by Subcutaneous injections. Otherwise symptoms usually recur within 
a few weeks. 


In the treatment of urticaria Avith histamine a distinction must he made 
e ween eases Avith discrete spontaneous A\‘healing and those Avith dermato- 
nfaphism Avhere AA^heals appear only at pressure areas. The latter cases do not 
respond to such treatment. The only important supplementary measure is the 
oi theelin in women who dcA'elop urticaria at the time of the menopause. 
_ hormone giA’en alone in .such cases is not as effective as Avhen combined Avith 
“istamine treatment. 


Recently, Horton*'* described a type of headache occurring usually in older 
lAiciuals. SjTiiptoms appear particularly at night Avhile recumbent and are 
t^o standing. The pain is A'ery scA'ere, but lasts onlj' a brief time, ten 

^ 1 teen minutes. It is always on one side of the head, and is accompanied 
Aasomotor disturbances as flushing and SAA-eating on the side involved. Ili-S- 
' me gu'cn subcutaneously aa'iII promptly reproduce the syndrome. When 
small daily dose.s as in urticai'ia, these patients experience marked 
‘ ‘e . Histamine therapy has ItkcAAise been used for migraine, and although its 
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effect in this disorder has not been encouraging, sufficient cases ivlierein the 
drug was given daily have not been reported to evaluate its merit. 

Hortoid^ also described the successful treatment of j\Ieniere’s syndrome by 
the intravenous injection of histamine. There have been no confirmatory report.s. 

The literature on histamine treatment is vast, for it includes not only 
its use in allergic syndromes, but also in various skin manifestations, arthritis, 
gastrointestinal complaints, neuroses, orthopedic conditions, and many other 
dLsorders. Chronic urticaria and angionenritic edema, types of “physical 
allergy^, ’ ’ headaches, and lileniere ’s syndrome are the only manifestations asso- 
ciated with allergy in which histamine has Imen used with any measure of 
success. Although this form of theraiiy offers considerable promise, its evalua- 
tion should be tentative until supported by further confirmatory series of 
cases. 


The mechanism of histamine therapy is far from understood. A significant 
fact is that the conditions in which it is successful differ from asthma, hay 
fever, and atopic eczema in that no extrinsic allergens as pollens, foods, etc., are 
usually identified. This applies to chronic urticaria, which differs from the acute 
form which is frequently traced to allergens as sliellfish, strawberries, or drugs. 
Likendse in physical allergy, and in the tyqie of headaches described l)y Horton, 
which have some resemblance to migraine, specific allergens are not etiologic 
factors. Such eases, as well as a small proyiortion of those of bronchial 
asthma and vasomotor rhinitis in which no external cause can be identified, 
have been classified as “intrinsic” allergy, which implies that the cause o 
symptoms originates within instead of without tlie body. This is belieied to 
be histamine or H-substance, identical or at least similar to that which is release 
on contact between allergen and antibody in cases of extrinsic allergy The 
simplest demonstration of the ability of cells to release H-substance without the 
involvement of an immunologic mechanism is seen in the wheal that icsu f 
from stroking the skin of a dermatograpliic subject. There are doubtless sei era 
conditions which initiate the release of histamine by the tissues. 

It appears, then, that histamine therapy is of value in certain 
tions of intrinsic allergy, and to be effective it must be given, at least m 
beginning, in daily doses. Why histamine should not alleviate 
caused by extrinsic allergens which involve an immunologic mechanisnys 
understood. The necessity for frequent doses likewise is not clear. 
in keeping, howev’^er, ivith certain related facts. One is the demoirsti^^ 
by Grant and his associates'^ that once H-substance is released by ® 
skin there is a short refractory .period, probably less than forty-eig 
when no further H-substance appears. It is yiossible that 
daily may gradually induce such refractoriness. Again,' in tbe 
of certain physical allergies as, for instance, uidicaria due to cold, 
exposures to increasingly lowered temperatures by means of bn ' 
quickly ameliorate the whealing. Here, too, treatment must be ni^p 
effective, which suggests the maintenance of a refractory period. 
cases one may soon arrive at a lowered temperature without ipjip 


symptoms which before treatment would hai'e caused vnolent luticai 


in- 
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demonstration, together "with the fact that doses of histamine, i^articularly 
when given intravenously, may he increased many fold without symptoms, 
indicates that a tolerance to histamine introduced from without or to H-sub- 
stanee elaborated from within undoubtedly may be built up. Tolerance to 
histamine so induced bears a close resemblance to the process of immunization, 
but since neither true antigens nor antibodies are involved, some other mecha- 
nism must be implied. S])ace will not permit discussion of various possibili- 
ties, none of which have as yet been proved. There is much, however, to 
recommend the participation of histaminase which is produced by certain 
tissues. 

HISTAMINASE 

In 1930 Best and j\IcHenry*^ prepared extracts from intestinal mucous 
membrane, which when incubated with histamine caused its disappearance. 
They believed the active agent to be a specific enzyme to which they gave the 
designation ‘‘histaminase.” Considerable work has been done on the nature 
of the reaction, which has been found to I)e an oxidative process and influenced 
by various factors, particularly the i)H of the menstruum and the amount of 
available oxygen. In vitro several hours arc rocpiired for complete inactivation 
of histamine. / 

There have been only few observations on the action of histaminase in the 
intact animal. AVherc experiments are carefully controlled, it appears that 
histaminase will within two or three hours completely inactivate all thg circulat- 
ing histamine in the blood of the rabbit, which contains a large quantity in con- 
trast to that of other animals. i\Ioreovcr, in one hour, histaminase has been 
found to influence greatly the action of histamine on gastric seeretion.^^ Recent 
'vork, as yet unpublished, shows that histaminase under given conditions has 
some inhibiting effect on the production of anaphylactic shock in guinea pigs. 

The first clinical report of the use of histaminase appeared in 1935, and for 
the following three years it had considerable vogue in Germany. It was em- 
ployed in a variety of disordcr.s as ulcerative colitis, gastric and duodenal ulcer, 
hepatic cirrhosis, “articular” rheumatism, purpura, acne vulgaris, and several 
allergic manifestations. In most instances the series of eases was small, and 
although some therapeutic success was claimed, the evaluation of results in no 
bistaiice was a critical one. 

Histaminase was distributed in this country by its manufacturer for 
ciinical trial in allergic disorders in 1938. Theoretically, there is much to 
jceommend it since it has the i>roperty of inactivating histamine completely, 
’ath in man and in the intact animal. Inasmuch as histamine or Il-substance 
man is believed to be the active agent that causes the symptoms of both 
^^tiinsic and intrinsic allergy, histaminase, if it could be elfectively applied 
the tissues involved, should be the ideal substance to check tlie allergic 
piocoss. Since its activity is well established and since, also, it is virtually 
>mntoxic when taken in large amounts, the problems of dosage and absorption 
remain to be worked ont. 

reports over the past two or three years of the effect of 
in allergic disorders are, with the exception of urticaria, not 


Clinical 

histaminase 
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sufficiently numerous to permit eomijilation of adequate statistics of combined 
experience. A review of this litei’ature reveals tlie complete absence of any 
serious study of the determination of dosage, and also the frequent lack of 
careful judgment in the evaluation of results, lYith few exceptions, cases 
of bronchial asthma, hay fever, vasomotor rhinitis, atopic eczema, ami gastro- 
intestinal allergy treated with histaminase have, at best, been questionably 
benefited. 

In contrast to these poor results, there is an impressive experience with 
urticaria. Over 150 cases have been reported, and with the exception of one 
notable series, the percentage of relief has been surprisingly high, despite a 
great variation in dosage. In the evaluation of any treatment of urticaria, 
whether acute or chronic, comment has been made that symptoms often 
disappear spontaneously, as well as from the psychic effect of the administra- 
tion of a new drug. Howeimr, until the introduction of therapy with histamine 
and histaminase, treatment of chronic urticaria, in particular, was dis- 


couraging. 


Analj^sis of reported eases shows that there was a pronounced effect on 
many patients in whom urticaria had existed several weeks or longer. TKeve 
are numerous detailed case histories, as well as compilations from a sufficient 
number of observers, to be substantial. Piness and Miller''^ recently repode 
the failure of histaminase in 29 patients with urticaria. An analysis of t us 
series shows that their interpretation seems overly severe in that 6 
were admittedly relieved proinjitly, and many others .secured partial veie - 
The authors’ conservatism is based on the question whether these patients 
may not have recovered spontaneously. In contrast to this report, a senes 
17 cases of urticaria, all of whicli were at least of several weeks’ duration 
and had proved refractory to usual therapeutic measures, were stndie 5 
Laymon and Gumming.’® Complete relief was secured with histaminase m 
10 patients ; and in 2 who had the disease for nine months and several yearn, m 
spectiveljq the degree of improvement in the one of 50 per cent f 

cent in the other was recorded. The drug had no value in urticaria ac i a 
or atopic dermatitis. 

As with chronic urticaria of unknown etiology, other types of skin 
and whealing have been benefited by Iiistaniinase. These include 
edema, skin manifestations of physical allergy, the urticaria of serum 
ness and the localized swelling of insulin allergy at the site of iiyiection. 
all these considered as a group, 161 eases by 14 observers have been assem 
Several are single ease reports ; others are statistical evaluations. » ^ 

six, or 47,1 per cent, were recorded as having been completely 
markedlj^ imxiroved; 31, or 19,3 per cent, showed definite impro^emen , 

54, or 33.6 per cent, were not benefited. 

From this report it appears that the value of histnminnse in 
ment of allergic disorders is distinctly limited. By far the most^ 
expressions of allergy are bronchial asthma, hay fever, ^jib 

rhinitis, and in tliese histaminase has seemed to be of very littk lu ^ 


result is in ratiier marked contrast to the reported experience v 


ith its 
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urticaria and angioneurotic edema, and it is notewortlij’ tliat several observers 
treated various allorgie manifestations with histaminase and singled out the 
latter as giving good response. 

A larger number of cases must be studied under controlled conditions be- 
fore any claim for the value of histaminase can be established. Of particular 
necessitj' is investigation to establish proper dosage. There is much evidence 
to show that earlier preparations of histaminase were unstable. This fact, as 
well as very inadequate dosages, makes earlier reports unreliable. Although 
from the published data there is no established ratio between the degree of 
relief and the amount of histaminase administered, large doses in all probability 
will be found necessary. 

DISCUSSION 

Evaluation of the therapeutic worth of histamine and histaminase in 
allergic disorders must for the present be tentative. From the reported experi- 
ence a rather striking similaritj' is found between the clinical effectiveness of 
each. Neither appears to be of value in the manifestations of extrinsic allergy 
ns asthma and hay fever, where an immunologic mechanism is involved. Both, 
on the other hand, are effective in urticaria, angioneurotic edema, and physical 
allergy, the causes of which are intrinsic in origin. This fact strongly suggests 
that histamine therapy operates through the production of histaminase. That 
mtrinsie allergy responds to it and the extrinsic form doe.s not, leads to the 
question whether the H-substance released by the one is qualitatively the same 
ns that elaborated on contact between allergen and antibody. (Serum sickness 
is extrinsic allergy but of a different mechanism than that of asthma and hay 
fever.) Indeed, the question whether H-substaneo is really histamine has fre- 
quently been raised, and there are indications that the two are not identical. 
These are problems as yet unanswered which are engaging the attention of 
several investigators. 


CONCLUSION 

In reviewing the effeetivene.ss of histamine and of histaminase thorap.v 
in various forms of allergy, the results arc disappointing, especially in view 
of many enthusiastic claims to the contrary. If, however, present statistics will 
he substantiated, a new form of treatment limited to intrinsic allergy, which 
IS by far the more intractable t.vpe, may be at hand. This shows sufifieient 
promise to warrant further investigation. 
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CAPILLAEY FACTORS IN PROCESSES OF DISEASE’ 


Virgil H. jMoon, M.D., Philadelphia, Pa. 


A DVANCES ill knowledge of capillary physiology have clarified many obscure 
** circulatory phenomena, both normal and pathologic. A brief summary of 
endothelial function and capillary reactions is essential to a comprehension 
of these. 

The chief function of the blood, that of supplying oxygen and other sub- 
stances to the tissue cells, is accomplished by diffusion through the endothelium. 
A mere increase in the arterial blood flow to an organ is not sufficient. The 
metabolic needs of the cells arc served only when the blood is spread upon the 
surface of the capillary endothelium. Increased metabolic activity requires an 
increase in the area of this diffusion membrane. The capillaiy tubes are so 
finely drawn that within them 1 e.c. of blood is in contact with from 5,000 to 
7,000 sq. cm. of endothelial surface (Krogh*). If one can imagine 16 drops of 
fluid evenly spread upon 4 or 5 sq. feet of surface, he may sense the physiologic 
efficiency with which a minimum volume of blood is spread upon a maximum 
area of the diffusion membrane. The mechanism regulating both the endothelial 
firea and the flow of capillary blood is marvelous in its delicate adaptability. 

Each organ and tissue has a supply of capillaries adequate to its maximal 
circulatory needs. During functional activity tissues require twenty to fortj' 
times more blood than during rest. In rc.sting tissne.s most of the capillaries 
are contracted and bloodless. Functioning cells consume oxygen and liberate 
products of metabolism. Capillaiy endothelium is delicately susceptible to lack 
of oxygen. The walls relax and the cndotliclium becomes more permeable when- 
ever moderate anoxia develops. Tliis relaxation allows an increased flow of arterial 
blood, supplying oxygen and other nutrients. Fresh arterial blood contains a 
hormonal substance, perhaps of pituitary origin, which causes the capillaries 
again to contract. This limits the flow of blood until lack of oxygen and/or the 
accumulation of metabolites again cause relaxation. Thus the local circulatory 
t>cle is repeated at a rate commensurate with the functional activity of the cells, 
piis self-regulating mechanism, shown in Diagram 1, serves a double purpose: 
It both distributes blood and adjusts the area of diffusion surface — -the endo- 
tbclial wall^ — -to the local nutritional needs of the cells. In the perfect economy 

normal circulation, no excess supply and no unfilled demand exist. The 
^^ipply is adjusted to the demand with delicate accuracy. The reaction of 
c^ipfilaiy endothelium to lack of oxygen and to products of metabolism explains 
loth functional and reactive hyperemia. 

. Capillary reactions are of major importance in the physiologic reaction to 
tissue injury — inflammation. Ebbceke’' showed that any kind of mild injury, 
|»cchan ical, thermal, electric, chemical or toxic, caused the cells to release ej'to- 
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A circulatorr deficiency arises if the eifccts described are extensire. The 
seqaestration of blood in dilated capillaries and venules reduces the effective 
Wood volume, iThile leakage of fluid from the blood into the tissue spaces lowei-s 
the ttcUidt blood volume. This tends to produce a disparity between the volume 
of blood and the volume capacity of the vascular system, the effects of which 
resemble somewhat those resulting from extensive hemorrliage. lluch con- 
fusion has resulted from this resemblance. The two conditions may be ditfer- 
rntiated, excepting when they coexist in the same individual, by noting that 
hemoconcentration is present in the fomier while the opposite change, hemo- 
dilntion, develops after hemorrhages. 


Functional 
activity 
of tissues 


XoRiiAi. C-vriLLART Reaction 


Consumption 
of uiqrgen 
Liberation 
of wastes 



Endothelial: 

Relaxation 

Dilatation 

Permeability 


X 

Contraction* Arterial blood: 

of capillaries [ Xutriment 

Bloodless tissue | Oxygen 

State of rest ' Hormone (pituitary?) 

Diatram 1,— The sequence of capillary- reactions incident to functional activity m the tissues. 

Incipient disparity between the volume of blood and the volume capacity 
of the vascular bed is compensated for a time by physiologic reactions. Im- 
pulses, probably originating in the carotid sinus, activate the svmpatho-adrenal 
sj'stem. The discharge of adrenaUn into the circulation stimulates the myo- 
cardiunt, mobilizes glucose from the liver, contracts the peripheral arteries, and 
causes the discharge of reserve blood from the spleen and other rcscrvoii’s. So 
long as this compensation is adequate, there is no ominous decline in the arterial 
blood pressure, but the latter is maintained at the expense of volume flow. When 
finally the mechanism of compensation becomes inadequate, the blood pressui'e 
declines progressively and the circulatory deficiency is manifested clinically. 

Prostration is evident ; the patient is profoundly depr-essed, weak, and rest- 
less. The pulse is rapid, feeble, and of small volume. The extremities are cold 
and the body temperature is low. The face is drawn, ashen or livid in color, 
anxious in expression, and moist with cold sweat. The eyes are sunken and sur- 
rounded by bluish rings, producing the classical “Hippocratic facies. Thirst 
IS mccssaiit, but attempts to relieve it are ineffective because of vomiting. The 
finid vomited Is often in excess of that s^vallowed and contains small brown 
fiocculi. Perspiration is profuse, and there may be diarrhea. The respirations 
flre shallow and interspersed with deep siglis. The blood pressure declines pro- 
gressively. Urination is scanty or suppressed. Consciousness is retained until 
^auy there is loss of sensitivity, of responsiveness to stimuli and reflexes, 
aconseiousness or coma precedes death. 

The eUnical syndrome just described is accompanied by an equally char- 
ai^teristic group of departures from physiologic constants. These are a reduced 
ml and effective blood volume ; a reduced minute volume cardiac output aud 
^ flow of arterial blood ; hemoconcentration, increased nonprotein nitro- 
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gen, glucose, and potassium content of the blood; reduced alkaline reserve, 
chloride and oxygen content, and delayed coagulability of the blood. An in- 
creased flow of lymph from the thoracic duct is an early and constant feature. 


Henioconcentration . — This term is used to designate a rapid or siulclen 
increase in the ratio of erythrocytes to plasma per unit A'olume of blood. It may 
he detected readily by variations in hematocrit readings, in the erythrocytic 
count, the hemoglobin content, or in the specific gravity of the whole blood. 
Variations in the latter occur in a narroAver range and hence are less useful as 
a clinical test than variations in the red blood cell or hemoglobin content of 


the blood. 



Dlapam 2. — Showing a volumetric comparison of normal Wood with that pres 
shock and that resulting from hemorrhage. If normal blood (first column) cubic 

trated 40 per cent, it 'will have the composition shown in the second column. Se^ 
centimeters of such concentrated blood will contain the same volume of corpuscle 

normal blood, 3 c.c. having been lost. In shock with of 

of 40 per cent, the normal blood has lost 30 per cent of its total volume and 50 per 
its plasma volume. The fourth column illustrates the hemodilution which occurs 
corpuscles have been reduced by hemorrhages to 40 per cent of the normal. 


Hemoconeentration, shoA\m in Diagram 2, is a highly significant featiue u' 
the pathologic physiology of shock. Medical literature contains niuueiom 
allusions to it but, until recently,® there has appeared no analysis of 
tionship to capillary physiology and to circulatory failure. A survey o 
recorded obsei’Amtions indicates that tlie blood regularly becomes concentra e 
AAdien circulatory failure of capillary origin occurs. This results from loss 
plasma volume incident to leakage of fluid into the tissue spaces, due to 
permeability of the endothelium. It is integrally related to the increased «« 
of lymph discussed in a previous section and to the development of edema con- 
sidered heloAv. It appears that these phenomena occur Avhenever and 
the endothelium in an extensiA-e Ausceral area is damaged. Any type of my 
to endothelium renders it abnormally permeable to plasma (Landis^- 

An extenslA'e increase in the permeability of capillaries deranges the mcc 


the move- 
oi 


nism of AAmter balance and absorption. The mechanism Avhich governs ^ 
ment of fluid hetAveen the blood and the tissues depends upon the 
several factors, including capillai'y blood pressure, osmotic pressure, e 
concentrations, hormonal substances, and others. But the presence of n 
semipermeahle membrane, the endothelium, is absolutely essential to t m • 
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of these forces in preserving a pliysiologie relationship between intravascular 
and extravascular fluids. So long as the endothelium is able to perform its 
part in the maintenance of fluid halanee, no heinoconcentration occurs. A seri- 
ous change in the permeability of the endothelium deranges vitally the mecha- 
nism of both water balance and absoiption. 

This derangement is shown clinically by unmistakable signs. The peripheral 
tissues are relaxed, inelastic, and have a doughy consistency which suggests 
dehydration. Vomiting and thirst are incessant, but fluids given by mouth, by 
rectum, or by hypodermoelysis, are not absorbed into the circulation. Underhill 
and others® showed that animals about to die of shock resulting from burns of the 
skin may be injected subcutaneously with lethal doses of strychnine ivithout 
effect. Normal controls, similarly injected, died from the effects of the 
strychnine before the burned animals died of shock. Such observations and 
e.xperimcnts indicate that the mechanism both of water balance and absorption 
is seriously deranged when capillary atony has developed extensively or when 
this type of circulatory deficiency is present. Lass of fluid by vomiting, diar- 
rhea, and perspiration cannot be replaced normally under such conditions. 
Marked dehydration both of the tissues and of the blood may result from in- 
ability of the endothelium to function as a semipermcable membrane. 

Abnormal permeability of endothelium is an important cause for edema. 
It has been shown'' that pulmonaiy edema may' bo produced experimentally 
with ease and certainty by injecting any of the numerous agents which have 
the property of increasing endothelial permeability. Edema resulted regularly 
when such agents were given in amount sufficient to affect the circulation but 
not sufficient to cause immediate death. The edema fluid has a high protein 
content, approximating that of plasma, and is found in the visceral soft tissues 
and serous cavities. It is rarel.v found in peripheral tissues. The mechanism of 
this type of edema is integral with that of shock. It occurs regularly when 
this condition develops gradually and when death is delayed for several hours. 

Pathologic Physiology of Shod :. — The type of circulatory disturbance 
under consideration occurs frequently under diverse clinical conditions, and may 
be produced experimentally by a wide variety of agents. The mechanism by 
which the circulatory function is disturbed has been presented diagrammatically 
m previous articles (see iVofc at end of paper). This diagram is essential to 
complete the present discussion. 


It is seen that a wide variety of clinical and experimental conditions may 
cause capillary atony and may thereby give rise to circulatory deficiency of 
capillary origin. I have included under clinical conditions only those with 
" ’'™ ^ '’ave had personal experience. These presented the clinical picture of 
loCi or circulatory collapse, and the po.st-mortem findings were those regularly 
tound after death by shock. Also under experimental conditions, only those 
aoCnts have been li.sted which we have used experimentally. In each instance 
• c agents produced progressive circulatory deficiency accompanied by hemo- 
coneentration and by congestive visceral changes wdiieli are characteristic of cir- 
‘ oij failure of capillaiy origin. Undoubtedly many other conditions, both 
'uical and experimental, should be added to those listed. 
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A highly important feature in the mechanism of shock is the fact that lack 
of oxj^gen, independent of other conditions, will cause endothelial permeability 
(Krogh, Bbbeeke, Lewis, Landis). This fact introduces a self -perpetuating 
quality, causing the mechanism to operate as a vicious circle. Hence the cir- 
culatory deficiency, unless effectively interrupted in its earlier stages, progresses 
and leads to irreversible changes. 

It is evident from Diagram 3 that the same type of circulatory disturbance 
may originate primarily^ from decreased blood volume, decreased volume flow, 
or from any condition which decreases the supply of oxygen to the tissues below 
physiologic limits. Under these conditions, lack of oxj^gen leads to capillary 
atony' and thereby initiates the opei’ation of the same vicious circle. 


SUMMARY 

It has been shown that capillary endothelium serves indispensable functions 
under normal physiologic conditions. These include local capillary hyperemia 
incident to functional activity of tissue cells, inflammatory hyperemia in re- 
sponse to cellular injury, the processes of diffusion and osmosis both in the dis- 
tribution of useful substances and in the elimination of wastes. Not the least 
important function of the endothelial membrane has to do with the mechanism 
of water balance. 

The performance of these functions requires that endothelium be delicately 
sensitive to oxygen tension, to the presence of metabolites and cytoplasmic 
substances. This very sensitivity renders endothelium a highly vulhera e 
structure. Its essential quality of semipermeabilitj' and its normal tonus are 
readily affected bj' diverse agents. These include lack of oxygen, the presence 
of metabolites in abnormal concentration, products of tissue injury and protein 
cleavage, bacterial proteins and toxins, venoms, and various drugs, chenneas, 
and poisons. 

The effects of these and similar agents may cause abnormal permeability 
of a large area of endothelium. This produces a characteristic clinical synidrom 
of circulatory' disturbance, usually' called shock or collapse, accompanie 
an equally' characteristic group of physiologic disorders. The visceral chanoC 
seen at necropsy' are those indicative of capillary damage. Hemoconcentiation 
is an associated phenomenon which is highly' valuable in the recognition 
this sy'iidrome in its early stages. ^ 

The action of many' drugs, cliemicals, and poisons is due in part to 
effects upon endothelium. It appears that pharmacologic and 
interpretations may' need revision to include the effects of many' agents iP 
capillary endothelium. 

The self-perpetuating quality of this type of circulatory ^ ^ 

early recognition essential to successful management. Hemoconcentra w 
a more useful index than a decline in arterial blood pressure. Tim oi^^^^ 
occui-s early and is detectable during the incipient stages, wliile the 
is a sign tliat the mechanism of compensation has failed. ^.,^1 

Efforts to combat siiock will be directed logically toward the 
of tlie cause, toward the restoration of the lost blood volume and cap 
tonus, and toward relieving anoxia. 
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Unless the condition that caused the circulatory deficiency is relieved, 
any efforts to restore circulatory efficiency will be useless. Transfusions of 
plasma or serum are more suitable than whole blood, because they relieve the 
hemoconcentration by supplying the same type of fluid which was lost. There 
is physiologic evidence that one function of the adrenal cortical hormone is the 
maintenance of endothelial tonus. Hence the use of cortical extract diiring 
the incipient stages of shock is logical. Recent reports of its use in experimental 
and in clinical shock indicate beneficial effects. The inhalation of oxygen may 
retard the progress of the circulatory deficiency, since anoxia .supplies the 
self-perpetuating quality in the mechanism of shock. 

Note. — M uch of the subject matter here presented is condensed from previous publi- 
cations. Readers desiring further details and bibliography are referred to Shock and Ec- 
lated Capillary Phenomena, New York, 1938, Oxford University Press; Occurrence and 
Clinical Significance of Hemoconcentration, Ann. Int. Med. 13: 451-475, 1939; Circulator; 
Failure of Capillary Origin, .1. A. M. A. 114; 1312-1318, 1940. 
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POSSIBLE SIGNIFICANCE OF THE INHIBITORY EFFECT OF FEVER 
ON ANAPHYLACTIC PHENOMENA* 


‘*Feier is o mighty engine which Xature brings 
into the world for the conquest of her enemies.’* 

— Syclenhfira (1624-1089) 

Paul de Ivkuip, Ph.D,, Holland, JIich., and Walter JI. Siaipson, 
Dayton, Ohio 


W/HE\ Dr. Warren T. Vaughan, Editor of this Journal, im-ited us to pre- 
'V pare a paper for the special issue eommemorating the tivcnty-fifth an- 
niverean- of its founding by liis fatlier, our beloved teacher. Dr. Victor Clarence 
1 aiighan, it occurred to us that wc should select a subject in which our interest 
; was first aroused hy his researches and teachings. This subject is anaphylaxis. 
. Our interest in this field was revived and augmented h.v certain observations 
made in the course of studies on artifieial fever therapy during the past nine 
■ years. 

We have, in general, concentrated our fever studies upon those diseases in 
. which investigation had already shown fever — intercurrent, or by inoculation, 
, or by physical moans — to have a favorable effect. In our experience these arc 
syphilis, gonococcic infections, chorea, and other manifestations of the rheu- 
matic state, brucellosis, and certain forms of infectious arthritis. Despite the 
,■ wide variety and disparity of known or alleged etiologie agents, and the ab- 
scncc of any unifonnity in the manifestations of these diseases, it is now gen- 
erally admitted that fever has a beneficial influence on all of them. Many 
1 - theories have been advanced in an attempt to explain these favorable effects of 
high body temperatures. Jlost observers admit, however, that the therapeutic 
effect of fever rests on an entirely empirical basis. 

A generation ago most physicians regarded fever as an alarming manifesta- 
tion of disease. AntipjTetic drugs rvere nidely employed. The past ten years 
iliave witnessed a revolution in the concept of the role of fever. It is norv loiown 
that it is one of Nature's most important weapons of defense. The failure to dis- 
cover a rational explanation of the defensive action of fever is unfortunate. The 
acceptance of its beneficial effects has been inhibited by their mystery. Knowl- 
edge of the mechanism by rvhich fever acts Avould not only hasten its rvider 
acceptance as a therapeutic agency, but would also promote further researches 
toward possible wider tberapeirtic applications. 

There i.s no doubt that the danger’s and the uncertainty of control of fer-er 
in the past have maintained the empiricism from which the use of fever has not 
Jet been freed. IMedical literature is replete rvitli citations of the beneficial inr 
■ ’’‘^nce of intercurrent infections accompanied by sustained high fever on such 
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diseases as cliopea, asthma, paresis, and gonorrhea. But it was not lunil the 
development of safe and controllable physical metliods of producing fever 
artificially that a scientific tool became available to study the effects of high 
body temperatures per se. Now the first step toward penetrating beneath 
empiiieism could be taken since the toxic effects of invading organisms pi'csent 
in intercurrent infections were absent. 


I. CLINICAL OBSERVATIONS ON THE EFPECT OF HIGH BODY TEMPERATURES OX 
CERTAIN SENSITIZATION PHENOMENA 

(a) Arso7iic Sensitisation in Therapy of Syphilis . — During the first three 
yeai’s (1931-1934) of our experimental studies on the treatnient of sjpliilishy 
combined artificial fever and chemotherapy, we became gradually aware of tk 
fact that there was an absence of the anticipated iiroportioii of sensitization 
reactions to arsenical compounds. In time we were forced to the conclusion 
that fever in some waj’- suppresses such arsenic sensitiveness, and we began to 
experiment -with injections of arsenical compounds during artificial fever into 
syphilitic patients known to lie extremely sensitive to arsenic. 

Such a trial appeared to be justified in a young man with primary syphilis 
vvho developed severe generalized exfoliative dermatitis following the second 
injection of neoarsphenamine, ten days after the appearance of a penile 
chancre.^ Because of this patient’s marked idiosyncrasy to arsenic, no chemo- 
therapy was combined with the first four fever treatments. The exfoliative 
lesions disappeared after the third fever treatment. Before the fifth fever 
treatment was given, the patient was tested with 1/1,000 Gm. of neoarsphen- 
amine. Two days later exfoliation again developed. At the beginning of th® 
fifth fever treatment, when the rectal temperature reached 105° B. {40.6 C-), 
a similar quantity (1/1,000 Gm.) of neoansphenamine was injected intravenous I- 
This injection wms not followed by exfoliative dermatitis. 

During succeeding fever sessions 0.1 Dm, injections of bismarseii 
given when the rectal temperature reached 105° B. (40.6° G.). Dermatih® 
did not develop. Because of this patient’s extreme sensitiveness to aisenic, 
u^hen it was given without the protection of fever, the usual follow-up coursf 
of chemotherapy alone was omitted. . . , 

Despite the small total quantity of arsenic given in combination 
artificial fever, this patient’s blood and spinal fluid reactions, strongly pos' 
before fever therapy was instituted, were reversed to negative, and avc 
mained so for four years. Since 1935 it has become oiir routine 
treat all patients, referred to us because their arsenic sensitiveness len 
them untreatable by orthodox cliemotherapy, with full adult doses of aisc” 
under the protection of artificial fever. 

Encouraged by these observations on tJie protective function o 
suppressing arsenical reactions, we were led to initiate 
designed to shorten greatly the treatment time of early syphilis. 1 re 
observations appear to justify the hope that by combining large ° 
and bismuth wuth one or two long fever sessions, it may be possJ e . 
the minimum treatment time from eighteen months to one or two a)S. 

(b) Artificial Sever Therapy of Chorea- and Other Uamfes a to 
Rheumatic State.— From 1930 to 1935, in a field apparently far remov 
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that of arsenic sensitiWty, many workers were making empirical observa- 
tions on the effect of fever upon a human disease condition of which the mecha- 
nism is allergic, or, more specifically, anaphylactic. This is the rheumatic 
state. 

It is generally agreed that the outlook for patients suffering from S.vden- 
ham’s chorea has improved remarkably during the past ten years. The ex- 
perience of many workers with various forms of fever therapy', first introduced 
by Sutton and Dodge® in 1930, indicates that it may be possible not only to 
abolish the distressing choreatic symptoms, but also to influence favorabh' 
other more specifically rheumatic manifestations. We do not here maintain 
that chorea is invariably the result of rheumatic aeti\'ity, yet it is generally 
so regarded when it is accompanied by migratory polyarthritis, and especially 
by carditis. 

All these rheumatic exacerbations arc favorably influenced to a greater 
or less extent by fever. There is no longer doubt that the common denominator 
of the variety of antirheuniatie agencies — such as triple-tj'phoid vaccine, sterile 
milk injections, inoculation with relapsing fever — is the production of sustained 
high body temperatures. Today the various fever-producing inoculations have 
largely given way to the safer and more accurately controllable artificial fever 
by physical means. 

The notable clinical improvement in rheumatic carditis observed by a 
number of workers’’*^ is confirmed by marked trends toward normal of heart 
function, as revealed by accompanying electrocardiographic, roentgenographic, 
and cardiova.seular functional studies. Furthermore, it has been reported 
by Dunn and Simmons® that the high erythroc\*te sedimentation rates, so char- 
acteristic of rheumatic activity and of subclinical rheumatic smoldering, are 
reduced toward normal by artificial fever treatment. These observers be- 
lieve, from the clinical improvement in carditis and the return toward normal 
of the laboratory findings (white blood cell counts and erythrocyte sedimenta- 
tion rates), that most rheumatic patients terminate their active disease more 
rapidly when treated with artificial fever than when treated with bed rest and 
Isrge doses of salicylates. They feel that by shortening the period of the rheu- 
matic cardiac exacerbations they arc able to minimize the accumulating cardiac 
damage to rheumatic sufferei's. 


These findings, confirmed by our oum experience,*® suggest a link between 
Ihe effect of high body temperatures upon arsenic sensitirity on the one hand, 
and upon the rheumatic state on the other. For the observations of many 
uorkers, beginning vrith Weintraud*® and culminating with the brilliant re- 
s^^arches of Cobum during the pa.st ten years, indicate that rheumatism is 
^'5entially an anaphylactic condition. During tliis ten-year period the work of 
obum has brought an enormous number of facts to the support of his original 
view^< that certain “effective” strains of the hemoh’tic streptococcus are causal 
sweats of rheumatic fever, but operate in a different manner, in a pathogenetic 
from any microhic agents so far known. 

As happily and succinctly put by Collis,*^ a great deal of evidence has now 
accumulated to support the theory that rheumatic disease is caused by an antigen- 
^niihody reaction occurring in certain people bom viith the rheumatic diathesis 
in those who acquire it. 
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If the various rliemuatie insults are, then, expressions of what may bo 
termed “micro-anaphylactic shocks” in mesodermal tissues, is it not possible 
that the hitherto empirical observations of the favorable effect of liigli body 
temperatures upon the various rheumatic exacerbations (chorea, migrating 
polyarthritis, carditis) may have a rational exiilanation? 

In sum, is it not conceivable that body temperatures, raised to a certain level 
and maintained there, may not in some way disrupt or nullify the noxious 
antigen-antibody reaction responsible for rheumatic damage ? 

(c) Effect of Artificial Fever on Intrinsic Intraciahle Asthma and Ofkr 
Allergic States. — The age-old observation that the advent of an intercnrrenf 
febrile disease, such as scarlet fever, eiysipelas, or pneumonia, often resulted in 
temporary' remission or improvement of chronic intractable asthma led Fein- 
berg and his associates^® to treat with artificial fever a group of 42 patients uitli 
intrinsic, intractable asthma. All had failed to respond to accepted modern 
therapy'. Of 35 patients, the result of ivhose treatment could be ascertained, 
51 per cent had complete remission, varydng from several day's to nine and one- 
half months, while an additional 39 per cent were appreciably improved. 
Similarly, favorable responses have been reported by Sheldon,*^ Metz,’ 
Bennett,^® Brodribb,^® Cook,*® and ourselves. 

There is also suggestive evidence that artificial fever therapy exerts a 
favorable influence upon certain patients suffering from seasonal hay fever, 
chronic urticaria, and chronic eczema.*®’ 


II. INHIBITION OF CLASSICAL ANAPHYLACTIC SHOCK IN GUINEA FIGS 
BY HIGH BODY TEMPERATURES 

By 1936 it had become clear to us that it might be possible to infegnik 
these widel.v disparate and scattered observations of the inhibitory effect o 
fever upon the phenomena of arsenic sensitivity', rheumatism, allergic astlmn, 
hay' fever, and eczema. In .short, if these v’arions disease phenomena aic lU 
essence anaphylactic, and if they are more or less controlled and suppressed 
fever, then the induction of suitably' high temperatures in sensitized experimeii 
animals should inhibit anaphy'lactic shock phenomena that would othenn^ 
certainly' result when the specific antigen was introduced in an effective concen 
tration into their veins. 

"We laid plans for this crucial integrating experiment in 1936, but 


of other work dela.yed putting these plans into experimental action. 
Goldman,^* of the University of Cincinnati (one of the 29 institutions 


l\[eamvln!c. 
collaboraf- 

ing wth the Kettering Institute for Medical Eesearch in our fever 
search project), published obseiwations on the inhibitory effect of big i 
temperatures in still another field remote from those already ‘ 

demonstrated an inhibitory' effect of very' high fever (108° to 112° F. ; 

44.4° C.) upon experimental sensitization of guinea pigs to turpentine. 

(read before the Second Annual' 


In the discussion of Goldman’s paper (i 


Ifay 111' 


ing of the Society' for Investigative Dermatology' at St. Louis, IMo-, 
1939) I. Arthur ilii-sky, together with P. 'Wassermann, who were associa 
Goldman in his fever-turpentine studies, reported their attempt to n 
definite mechanism in explanation of his observations. These workers 
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that a series of guinea pigs, sensitized to horse scrum, and snbseciucntly fevered 
to temperatures of 109°-110” F. (42.8° to 43° C.), failed to respond with anaphy- 
lactic shock when injected intracardially with doses of horse serum that called 
out typical anaphylactic shock in nonfevered, sensitized control guinea pigs. 
These e-xperiments appeared to vindicate our hypothesis that high body tem- 
peratures do indeed suppress the clnssicnl anaphylactic shock of guinea pigs. 

During the past year, in collaboration rvith E. Gottschall and C. C. Young 
at Michigan State Health Department Laboratories, Lansing, we have been 
able to launch a detailed experimental analysis of our hypothesis. In the first 
place, we were concerned with the extremely high temperatures employed by 
Goldman, Jlirsky, and AVassermann. Such temperatures arc not compatible 
with life in man. Furthermore, clinical observations on su]ipression of anaphy- 
lactic phenomena by fever were based upon temperature ranges which were 
administered with safety and relative comfort to human beings. 

Only by using such temperatures in our experiments on the possible in- 
hihiting action of fever upon classical anaphylaxis, would this crucial animal 
experiment have significance in integrating the hitherto empirical observations 
on the favorable influence of fever upon several unrelated human disease condi- 
tions. 

Preliminary observations, accumulated during our experimental studies now 
being conducted at Lansing, Slieh., leave little doubt that suppression of 
anaphylactic shock in guinea pigs does occur in the temperature ranges ordi- 
narily employed in fever therapy of human beings. 

In these experiment.s diligent efforts are being made to eliminate error 
by the use of guinea pigs of luire genetic strain, and by employment of instru- 
ments of precision in recording temperatui-es. The details of these studies will 
be made the subject of a later communication. 

SUMMARY AND CONCLUSIONS 

1. The lack of any rational explanation tor the favorable influence of fever 
’ "1'“'* several unrelated disease states stimulated us to search for some basic 
. underlying mechanism for the therapeutic action of fever. 

2. The common denominator in the favorable effect of fever in such clinically 
different conditions as sensitiveness to anscnic, chorea, and other manifestations 
et the rheumatic state, and asthma and other allergic phenomena, appears to be 
the inhibition of anaphylaxis. 

3. It is suggested that the phenomenon of inhibition of classical anaphylaxis 
m the guinea pig by body temperatures at levels safely employed in fever therapy 
ef human beings may provide a eincial experimental explanation of these 
lithcrto empirical therapeutic effects. 
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DEVELOPJIKNT OP NEW OKGANIC CHEMICALS FOR 
THERAPEUTIC USE 


P. P. Blicke, Ph.D., Ann iVHBOR, Mich. 


A COMPARISON ol tile various substances used as medicaments about 
1500 D.O., as disclosed in the Eber’s papyrus, ivith those mentioned in three 
editions of the London Pharmacopoeia, which appeared during the years 1618 
and 1766, reveals the fact that practically no progress was made in the field of 
therapeutic agents for over three thousand yew's. In contrast to this era of 
stagnation, the discoveries made during the last fill}' years are truly astonishing. 

It is difficult to conceive of any development which has been of greater 
benefit to the human race than that which has taken place in sj-nthctic drugs, 
and it should not be forgotten that this progress could never have been made 
without the growth and vast accumulation of data in sciences such as chemistry, 
physics, bacteriology, and biology. 

It seems impossible to devise a rigid, sharply defined classification of 
synthetic, organic therapeutic agents. Probably tlie most satisfactory arrange- 
ment is one in which the various medicaments arc grouped in accordance with 
their medicinal use. Each ma,ior group may then be divided into subgroups on 
the basis of some characteristic feature in their chemical structure. It will be 
noticed that the greatest variations in structure are to be found in substances 
which possess similar therapeutic properties and that compounds of analogous 
structure sometimes exhibit very different types of physiologic activity. 

General Anesthetics. — Ether was used first in surgery in 1842 and chloro- 
form was introduced five .years later. Seventy-six years passed before another 
anesthetic of practical value was discovered, although during this time constant 
improvement was made in the method of administration of the two drugs. In 
1923 ethylene was adopted, followed by avertin (/?, p, /S-trichloroethyl alcohol),, 
cyclopropane, and vinethene (divinyl oxide). These newer anesthetics possess 
certain undeniable advantages, but the fact that some of them, especially 
ethylene and cyclopropane, form very explosive mixtures with oxygen limits 
their use. 

Local Anesthetics. — It was discovered, soon after its introduction in 1905, 
that procaine (novocain) can be used as a cocaine substitute most effectively 
cad advantageously for infiltration anesthesia. However, for surface anesthesia 
It proved to be greatly inferior to the plant drug. To some extent this dis- 
adiantagc has been overcome by the synthesis of products which, although 
of the procaine type, differ somewhat from the latter substance in structure; 
some of these are much better surface anesthetics than procaine. 

So far, all attempts to obtain a local anesthetic which will produce con- 
striction of the capillaries, and thus make the concomitant use of a va.socon- 
strictor unncee.ssary, have been unsuccessful. 
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Procaine type 
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*NCcHij is tlie 2-methyl-l-piperklj-I radical. 


Other local anesthetics which should be mentioned are psicaine, psicaiiie- 
new, mipercaine, diothane, aijothesine, and pheuacaine. 

Although their low watei-insolubilitj^ makes them unsuitable for injeeiioii, 
compounds such as aiiesthesin, Initesin, and oi'thofoi’ni are of considerable value 
for topical application. 

Hypnotics . — jlfost of the ]i.ypnotics which are widely used at tlie present 
time are amides, a type which was introduced many years ago. Among these 
we find the substituted acetamides, neuronal, neodorm, and novonal; the 
aeylureas, carbromal, bromural, and sedormid, and especially ej^clie amides 
of the barbituric acid series. Very few new comjiounds of the acetamide or 
urea groups have appeared on the market, but year after year new reprc.seiita- 
tives of the barbituric acid series have been introduced until at pre.sent move 
than twentj'-four of these products are available. 
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— CH.CH, 

Nembutal 

H 

NaO— 

— CHiCH, 

Pentothal socli- 

H 

Xa&— 

— CH,CH, 

urn 

Sodium amytal H 

XaO— 

— CH,CH, 

Ortal sodium 

H 

XaO— 

— CHjCH, 

Luminal sodi* 

H 

XaO— 

— CH,CH, 

urn 

Donnaphen 

H 

— OMgO— 

—CH.CH., 

Sodium alurate H 

XaO— 

— CH(CR, 


CH— CH, 

// \ 

— C CH, 

\ / 

CH.— CH. 

— CH,CH, ■ 
~^CH(CHj) . 

— CH(CH,): 

— CH(CH,)CH,- 
CH.CH, 

— CH(CH,)CH,- 
CH.CH, 

— CH,CH,CH- 
(CH,), 

— CH,CH,CH.- 
CH,CH.CH, 
-C.H. 


methyl, cyclohcxenyl 


ethyl, ethyl 
ethyl, isopropyl 
ethyl, isopropyl 
ethyl, 1-methylbutyl 

ethyl, l-methylbutyl 

ethyl, isoamyl 

ethyl, hexyl 

ethyl, phenyl 


— C,Hj ethyl, phenyl 

— CH,CH=CH, isopropyl, allyl 


Cyclopal Eodi- tt 
um 

Seconal H 

Sigmoidal H 


/CH =CH 

— — CH,CH=;CH, — CH^ | allvl, cvclopentenvl 

^CH.— CH. 

KaO CH(CH,)CH,- — CH.CH=CH, ' 1-methvlbutvl, allyl 

CH,CH, ‘ 

KaO — — CH(CH,)CH.- — CH,CBr=CH, 1-methvlbutyl, jS-bromo- 
CH.CH, ' allyl 


aodiui^Ll^bfe^bar^it^® cj-clural; <b) veronal; (c) luminal; (<1> prominal; (e) veronal 


Because of the variety of hjT>notics whieli can now be obtained, the physi- 
cian has available drugs which are so mild in their effect that they may be 
classed more properly as sedatives ; hypnotics which act verj- rapidly and others 
''ith delayed action; drugs which act over a short or a long period of time; 
and, finally, soluble products whieli, after intravenous injection, produce relaxa- 
tion and narcosis sufficient for major surgeiy. 

-A.ntispasmodics , — During the last ten veal's more than five hundred com- 
pounds have been synthesized and examined pharmacologically in the hope that 
a product might be found which would be more effective than the naturally 
occiiriing antispasmodics atropine and papaverine. Tlie following compounds 
a'e appeai'cd on the market: novatropine, syntiopan, trasentin, dolantin, 
Mpa%erin, perparin, new-paveriii, oelin, s&stron and eyverine hydrochloride; 
ose introduced most recently are cyi'crine hydrochloride and dolantin. The 
four eompotind-s resemble atropine to the extent that they are basic esters ; 
e others, like papaverine, are amines. In "eneral, the aetivity of the sj-uthetic 
antispasmodics lias been most pronounced in ca.ses of spasms in the gastroin- 
inai tract. The antispasmodic is still to be discovered ivliich ivill relieve 
spasm, s of hotli nnisenlotropie and neiirotropie eliaraetcr in all tvpes of smooth 

raiisculature. 


(Li Which Stimulate Cell Proliferation . — Tlie fact tliat maggots 

nci la sericata) can be employed effectively to remove necrotic tissue and 
ront'”* '’arterial putrefaction is well known. In earlier times the comfrey 
"■as used to promote healing of wounds. Some years ago it was found 
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that alkntom, which stimulates the growth of epithelial tissue, is piesenl in 
maggot excretions as well as in the comfrey plant, 

A number of compounds which differ greatly from one another in cheinkiil 
structure have been found to act similai-ly to allantoin, for example, thiocresol 
tliioglycerol, nrea, and certain azo dye.s. The manner in which these eompamids 
promote tissue growth is not known definitely but an important factor in their 
beneficial effect seems to be the solvent action on necrotic debris irliidi some 
of them exhibit. 

Pressor Agents . — The prevailing tendency to prepare and suhstihiie s.vb- 
thetie drugs for those obtained from natural sources is illustrated again in the 
ease of pressor agents which are listed below. All of tlie products may be re- 
garded as derivatives of /J-plienylcthylamine. 


DERIVATIVES OP /J-PHENYLETHYLAMINE 
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/S-Phenylethyl- 

amine 


I Benzedrine VII Synephrin 

11 Propadrine VIII Neosynephrin 

111 Ephedrine IX Epinine 

rV Eplietonal X Epinephrine (Adrenaline)* 

V Tyramine XI Cohefrin (Gorbasil) 

VI Paredrine XII ICephrin 

‘These naturally occurring- drugs can all be inanufactured hy ssnthetic snf 

tj-ramine is obtained entirely in this manner. tVhether market suppii^ ^ curreiA tti 
ephedrine are synthesized or extracted from natural products depends uyu 
tive costs of the t-vro processes. 

Because of all the factors involved — stability of the drug in ^"^^Tpx-cssiiE' 
tion, effectiveness tvlieu administered orally, degree to jdio- 

is affected, compatibility with local anestheties, Amlatility auff 
syncrasy — a rvide selection of pressor agents tvould seem advantageoi 
Diagnostic Agents . — Like so many other discoveries which ha%‘; 
from purely academic researdi, that of phenolphthalein, mau® 
proved to he of considerable significance to medicine. Its 
indicator tvas I'ecognized almost at once, but it was not until a (ffcni)' 

later that its valuable laxative propertj" was discovered- Aftei ai 
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years- had passed, it was found that a sulfur analog, phenolsulfonephthalein, 
is eliminated completely from a healthy individual, after intramuscular or 
intravenous injection, in a remarkably short time; delayed elimination is an 
indication of kidney dysfunction. Halogen derivatives of phenolphthalein — 
cliloro, bromo, and iodo — arc used for such purposes as roentgenologic examina- 
tion of the gall bladder and as a test of liver function. Fluorescein, closely re- 
lated to phenolphthalein in chemical structure, finds application as a diagnostic 
agent in ophthalmology. 

Several iodatcd pyridine compounds arc available for intravenous pyelog- 
raphy. 

Since the use of the synthetic products dfseussed above has made explora- 
tory surgical operations unnecessary in many instances, they represent dis- 
coveries which have been of very decided advantage to both the physician and 
the patient. 

Diuretics and Laxatives . — During the search for antisyphilitics among 
organic derivatives of mercury, it was discovered that certain representatives 
of this group are strong diuretics. Several of these merciuy diuretics have 
already been used for a number of years. Merbaphen (novasurol) and salyrgan 
(merealyl) are administered intravenously, and mercurin is administered 
rectally. 

Laxatives which represent a single synthetic product of definitely estab- 
lished structure are very few in number. In addition to phenolphthalein, the 
eldest and best known member of this group, there is istizin (1, 8-dihydroxyan- 
thraquinone) and isacen, an oxindole derivative. 

yasodilators . — Two outstanding effects produced by choline are a lowering 
of blood pressure and the promotion of gastric and intestinal peristalsis. It 
has been found that the activity of the compound is increased to a very great 
degree if certain structural changes are made in the molecule, llodifications 
of choline which have been found to bo valuable drugs for a variety of condi- 
tions are acetylcholine chloride, acetj'l-;8-methylcholino chloride, doryl, and 
prostigmin. 

Analgesics . — Although antipyrine, one of the oldest synthetic drugs, and 
aminopyrinc (pyramidon) are very useful analgesics and antipyretics, they 
often fail to afford relief from severe pain. Consequently, the physician is still 
dependent on morphine and certain of its derivatives, the objectionable features 
of which are too well known to require mention. It seems very- probable that 
’ the carefully planned research program of a group of investigators in this 
country, begun about ten yGai*s ago, is continned, a satisfactory sjTitlietic 
J^orphine substitute, free from such properties as tolerance and addiction, ■will 
oc discovered. 

The introduction of the synthetic product, dilaudid, indicates that some 
Pi'Ofiress has already been made. 

Stimulants for Circulation and Eespiration . — There have been very interest- . 

developments in the search for synthetic compounds whieh -would be not 
' reliable but -which -would lack the undesirable properties of naturally 
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The complex urea derivative, germaiiin, introduced about 1920, produces 
most beneficial efieets in African sleeping sickness. It is an example not only of 
a very brilliant achievement in the field of synthetic drugs, but also of one of the 
most baffling problems relative to the relationship between chemical structure 
and therapeutic activity. It is impo.ssiblc to understand just how the presence 
of a methyl group can affect in any profound manner the physical, chemical, 
or pharmacologic properties of a molecule as large as that of germanin 
(CsiHjjO.jNsSjNaj). Nevertheless, the removal of one of the two methyl 
radicals present in this substance or a shift in its position renders the product 
almost inactive. 

Spiroclicdcides. — More than eight thousand organic derivatives of arsenic 
have been prepared hut onlj- about twelve of these have found extensive applica- 
tion as medicaments. To the short list of widely used spirocheticides — arsphen- 
amine (salvarsan), neoarsphenamine, siilfarsphcnamine, and silver arsphen- 
amine — there has been added, recently, mapharsen. Although this latter sub- 
stance was known many years ago as “arsenoxide,” its valuable therapeutic 
properties were not established until 1934. 

The massive dose arsenotherap.v of .syphilis by the intravenous drip method, 
'vhich has been introduced quite recently, has aroused great interest. 

Antimalurial Compounds. — In .spite of numerous investigations made in 
the hope that more effective drugs might be discovered, the quinoline compound 
plasmoehin and the acridine derivative atabrin still remain the most valuable 
adjuvants to quinine in the treatment of malaria. Progress in this field is made 
especially difficult duo to the fact that all known medicaments exhibit a selective 
action, that is, their effectiveness varies enormously, depending upon the species, 
strain, and phase of the parasite. 

Drugs for Acute Bacterial Infections. — The efficacy of sulfanilamide, in- 
troduced in 1936, in infections due to streptococci, meningococci, and gonococci 
lias been definitely established. In spite of the unparalleled success of this drug, 
thousands of other sulfur-containing products have been prepared and tested in 
the hope that new substances would be discovered which would lack its many 
undesirable by- and after-effects and by means of which the range of therapeutic 
usefulness could be extended. At present there seems to be little doubt about 
the value of .sulfapyridine (JI. and B. 693, Dagenan) in the treatment of 
pneumococcal infections ; sulfathiazolc seems to be of definite value for staphylo- 
coccal infections. 

The forerunners of sulfanilamide, the red dye prontosil and the soluble dye 
Pionlosil soluble (ncoprontosil), still find applieation. 

^ Two arsenieals used extensively for the treatment of amoebiasis are car- 
sonc and aeetarsone (stovarsol), while the antimony compound stibosan is 
employed to combat visceral leishmaniasis. 

The elucidation of the structures of many vitamins and hormones and the 
lia\ "'‘ouus of which they can be prepared in the laboratory, 

0 opened a new field for synthetic work. In some instances, study of these 
^ ctures has supplied clues which have enabled the chemist to prepare active 
nets which are much simpler in structure than the naturally occurring 
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substances. It seems not improbable that in the future some of tliese synthetic 
products will find favor as therapeutic agents because of such factors as the rela- 
tive ease with which they^ can be manufactured, greater stability, and certain 
unique properties not possessed by the natural vitamins and hormones. Possi- 
bilities in this direction are illustrated by compounds such as diethylstilbc-stiol, 
diiodothju'onine, and certain analogs of vitamin K^. 

Of necessity, the selection of drugs discussed in this article is arbitrary. 
The mention of a product is not intended to imply recommendation nor does 
its omission denote lack of therapeutic merit. 
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THE SEROLOGY OP SYPHILIS* 


Reuben L. Kahn, Sc.D., Ann Arbor, Mich. 


I. INTRODUCTION 


^HE serology of syphilis lias a number of anomalies. It is interrelated ivith 
the immunology of S3’philis, but it is also interrelated with biologic ehanges 
in the absence of sj’philis. Serologic tests maj' emploj' spirochetal antigens, but 
they actually emploj- extracts of normal tissue as antigens. Serologic tests in 
infections other than syphilis arc limited in the degree of sensitivity by the 
respective infections, as, for example, the agglutination test in tj-phoid fever, 
but serologic tests in sj-philis maj- be so improvised as to show a degree of 
sensitivity not at all limited bj- this disease. Serologic tests in infections other 
than syphilis generally consist of but few technical diagnostic procedures, while 
the number of technical procedures of serodiagnostic tests for sj-philis is legion. 
In addition, sj-philis may be manifested by many clinical signs and sj-mptoms 
occurring in other diseases or by no clinical signs and symptoms, a situation 
which often makes the serologic test the deciding factor in establishing the 
diagnosis. 


The many varied aspects of the serology of syphilis and the importance of 
serologic tests in diagnosis make it understandable why we have evaluation 
committees and serologic surveys ; whj- one laboratoiy emploj-s one test and an- 
other perhaps five; why one believes that test A is better than test B and an- 
other, that test B is better than A; why the serology of syphilis, approaching 
forty years of existence, is still in as controversial a stage as it ever has been. 


Yet, the serology of syphilis is beginning to enter a highly promising 
era. Evidence is accumulating that positive serologic reactions are divisible 
into two distinct types which can be differentiated in the laboratoi-y : one tj-pe 


being 


a manifestation of syphilis and the other, unrelated to this disease. Per- 


'’“Ps in this differentiation lies the promise of making serologic tests true 
diagnostic agents in syphilis. 


II. SEROLOGY in relation TO IMJIUNOLOOY OF SYPHILIS 

becoming Inoculated ^Yith the Treponema pallidum (Spirocheta pallida ). — 
rs well known that when man becomes inoculated with the T. pallidum he 
ws no signs or symptoms for a considerable period, extending from several 
'ceks to several months. This situation is what might be expected. Man 
lack T". pallidum. To lack immunity to microorganisms is to 

skin '^“Pnbility of localizing or fixing tlic microorganisms in the area in the 
or mucous membrane where they gain entry and of preventing them from 
IP" Il'n Wood stream. Absence of this localizing capacity- means absence 

Vrom the Clinical Laboratories, University Hospital, University of Michigan, 
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of a local inflammatory reaction.* Also, the entry of microorganisms into the 
blood stream is appareiitlj’^ not disturbing to a nonimmune host. The result h 
that the invaded host is not cognizant of the infection. 


In the ease of the spirochetes of s 3 ’’philis, the likelihood is that the non- 
specific localizing capabilit 3 ’' of the skin and mucous membrane for these micro- 
organisms pla 3 ^s some role in the establishment of the infection. If the 
spirochetes are few in number and of low virulence, and this localizing capahility 
is sufficient to hold them fixed in the area of entr 3 ’’, the 3 ’’ may ultimately he 
destro 3 md locally. In most instances, while there may be some nonspecific local- 
ization of the spirochetes in the area of entr 3 '', this localization is undoubteilly 
insufficient to prevent them from finding their way into the blood stream. The 
localization in all probabilit 5 ’^ leads to the formation of a disseminating focus 
of the spirochetes, a focus from which fresh microorganisms may' enter the blood 
stream and replace those which are unable to survive in this medium. Dk- 
seminating foci are undoubtedly established also in the adjoining lymiph glands. 
Thus do the spirochetes establish a strong foothold in the body. 


As the spirochetes and their antigenic constituents come in contact ivitb the 
tissue cells, they' gradually' bring about immune changes in them. Theoretically, 
we might expect to note the appearance of antibodies in about ten days or bvo 
weeks after the spirochetes gain entry into the body'. These are the pwio ' 
in which antibodies begin to be noted after the injection of an antigenic 
into an animal. In sy'philis, however, the continued presence of the spirocie f» 
in the blood stream may tend to delay antibody production. Generally, c®' 
body' production begins at a rapid rate as soon as the antigenic agent Co®* 
to disappear from the blood stream. Then again, antibodies produced at a 
when the antigenic agent circulates in the blood stream may result m a 
body-antigen union in vivo, thus reducing the detectable number of an i a 
The Prhnary Lesion — A Manifestation of a Certain Degree of 
Absence of detectable antibodies in the blood stream does not of course 
absence of immunity'. The first visible sign of the beginning jppljjizc-c 
ment of immunity' in sy'philis is tlie primary' lesion. This lesion is ^ 
one and, in the relationship between a host and microorganisms, a 
possess some specific immunity' to keep a lesion produced by the micioo 
localized. Furthermore, in experiments with rabbits carried out in 1 
tory in which protein antigens ivere employ'ed,- it was possible gj-pliili; 

taneous ulcerative lesions in the skin, simulating the primary lesions 
in human beings, only' when the animals possessed a given degiee o 
These experiments can be carried out with relative ease, 
munized to horse serum by weekly injections of, let us say', 0.1 ® ie- 

of body' weight, administered by' any' route. A week after the _ ^ anioun'= 
munizing dose, the rabbits are injected intracutaneously with .paction-' 

of horse serum. These are so graduated as to cause local inflamma or 


to be invisible. 

trate; 0.1 c.c. of undiluted serum and of 1:10, 1:100, 1:1, 0_ ’ 

1 .-100,000 dilutions of serum u'ith salt solution are injected m 
Twenty-four hours later it may be found that the areas in wine i 
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scrum and the 1:10 and 1:100 dilutions had been injected show local inflam- 
matory reactions of varying intensity, while the areas in which the 1:1,000, 
1 :10,000 and 1 :100,000 dilutions had been injected appear normal. 

The rabbits are now injected intravenously with a relative excess of horse 
serum, such as 20 c.o. or more. Soon after the intravenous injection it will be 
noted that the local skin areas in which the 0.1 c.c. quantities of the varying 
dilutions of horse serum had been introduced, show a distinct change. The 
three areas in which the undiluted serum and the 1:10 and 1:100 dilutions of 
the serum had been introduced and which show varying degrees of inflammation, 
first become purplish black, then black, especially in the centers of the inflamma- 
tory areas. The two areas in which the 1 :1,000 and 1 :10,000 dilutions of serum 
had been introduced and which showed no signs of inflammation, now also 
appear purplish black or black. The last area in which a 1 :100,000 dilution of 
the serum had been introduced shows no change. Should the intravenous in- 
lections be repeated daily, the black areas will undergo visible tissue destruction 
and ulcer formation. 

The degree of tissue necrotic flare-ups in preformed specific inflammatory 
areas in immunized animals, following the intravenous injection of antigen, 
varies with different rabbits. Some show marked tissue necrotic changes and 
some mild changes under the same experimental conditions. 

In a broad sense, it may be said that tissue necrotic changes in a preformed 
specific inflammatory area, or in an area in which antigen had been injected 
in so small an amount as not to call forth visible inflammation, are dependent 
Upon: (a) the degree of immunity of the host, (b) the amount of antigen 
introduced in the area, and (c) the concentration of the antigen in the blood 
stream. Similarly, it is believed that the formation of the primary lesion in 
syphilis (interpreted as a tissue necrotic change in a preformed invisible 
Inflammatory area) is dependent upon the same three conditions. If any of 
these conditions do not conform to quantitative requirements, it is believed 
that chancre formation will not take place. 

Serologic Reactions Snring Primary Stage . — The fact that antibodies are 
not detected by means of serodiagnostic tests at the time of the appearance of 
the chancre is of interest. In the case of the protein-immunized rabbits con- 
sidered, a high precipitin titer was shown by them previous to the intravenous 
injection. Immediately following this injection, the precipitin titer became 
negative, indicating the disappearance of the antibodies from the circulation. 

1 the time when the rabbits began to show the necrotic lesions within the 
preformed inflammatory areas, the titer was still either negative or very low. 

IS relative absence of antibodies is believed to be due to antigen-antibody 
union in vivo. 

It is likely that the absence of antibodies during the early primary stage is 
“ so due to antigen-antibody union in vivo. The appearance of the chancre is 
pendent upon a relatively high concentration of spirochetal antigen in the 
stream. In the pr-csence of a high concentration of antigen, anj' antibodies 
n might he present might combine with the antigen in vivo, thus lcadin<>- to 
seronegative reactions. 
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The intensity of the serologic reaction in primary syphilis may thus be 
dependent upon the relationship between the quantities of spirochetal antigen 
and of antibody present in the blood stream. In the eaily primary stage, 
the quantity of antigen probably exceeds the quantity of antibody in the blood 
stream, while in the later primary stage, the quantity of antibody undoubtedly 
exceeds the quantity of antigen. In the later stage, one notes definite evidence 
of immunity of the host against the spirochetes. The primary ulcer bad 
teemed with spirochetes only a short while previously. Now spirochetes are 
difficult to find and the ulcer is undergoing spontaneous healing. This fact 
must mean that the host is developing substances destructive to the spirochetes; 
that it is gaining the upper hand, so to speak, over these microorgamsnn 
Hence, an increase in the antibody titer at this time is to be expecte 

It was stated that one of the requirements for the formation of 
primary lesion is the presence of spirochetal antigen in siifficient concen la 
in the blood stream. The question maj'^ arise as to what is the le ations p 
tween the presence of antigen in the blood stream and the ® °is that 
necrosis in a preformed specific inflammatory lesion. The pio a ii ^ ^ 

the circulating antigen is attracted to the inflammatory lesion. e 
this attraction is not fully understood. It is known that ^ 
tends to accumulate in a nonspecific inflammatory lesion.® e ^ ^ 
that circulating antigen will accumulate in a specific inflammatory e 
far greater extent than a dye. Inflammatory tissue probably 
anchoring or localizing powers for specific antigen. If ^Thicli, 

then circulating spirochetes would be drawn to the focus o leir 
although invisible to the naked eye, must be inflammatoiy. s ® ^ ^ 
accumulate in this focus the mild inflammatory reaction c aiige . ^ 
necrotic reaction. This change is based on a principle in immuni 
elsewhere namely, when free antigen accumulates in a speci c i 
area, this area undergoes tissue necrosis. Free antigen filled 

wdth the inflammatory process, the blood v'^essels appaien y 
with thrombi, and with the cutting off of the blood supp 3 , 


is the natural sequel. _ ^ secondaO’ 

Serologic Reactions During Secondary Stage. ° jjjjjjyuologf 

stage of sj^bilis, the relationship between the serology an positi'*' 

this stage is also of interest. Serologic reactions are almos mv 
during this stage. The reason for thm, in our opinion, that 

skin and mucous membranes in immunity. It was shown in o ^ 
an outstanding feature of the response of the tissues in -flg antigf” 

that the skin possesses a far greater attractive force antig*’"'' 

than do other tissues. In the case of rabbits immunize for thf 

it was found that the skin possesses an anchoring or loca d 
antieen from ten to fifteen times greater than that possess garried 

“hTLues, s.ch as skeletal mascle. 

by Stellwagen® in our hospital indicate that the sur ^l^erefore, 

also possess this high localizing power for ^ the heginn'"^ 

that, as the immunity of the host approaches a gn en g 
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of the secondai-y stage, the immunity of the skin and mucous membranes 
becomes highly intensified. The cutaneous tissue thus possessing a par- 
ticularly marked attractive force for the spirochetes at this time, it might be 
expected that, as these microorganisms circulate in the blood stream, they are 
localized in large numbers in this tissue. This localization would in turn 
cause many spirochetes to be withdrawn from the circulation — a step which 
would result in an increase in the antibody titer and in positive serologic 
reactions. 

Serologic Reactions During Other Stages of Syphilis , — In a broad sense, 
there are three situations in syphilis in which serologic reactions might be nega- 
tive: (a) when antibodies are not yet formed, (b) when there is an excess 
of spirochetal antigen in the circulation, and (c) when spirochetal activity has 
become so quiescent as not to stimidatc antibody production. 

Little need be said about negative serologic reactions during tbe incuba- 
tion period in syphilis before the formation of antibodies. All infections have 
a similar seronegative period. Negative serologic reactions resulting from an 
excess of spirochetes or spirochetal antigen in the circulation are in all proba- 
bility not uncommon in syphilis. Such reactions during the early primary stage, 
already considered, are assumed to be due to an excess of circulating spirochetal 
antigen. These reactions are common in precocious malignant syphilis in which 
the host is literally overwhelmed with spirochetes. Indeed, it can be stated as a 
principle in immunity that antibody production is disturbed when a host is over- 
whelmed with an antigenic agent. 

Negative reactions may also occur in marked syphilitic flare-ups when 
“tse quantities of spirochetal antigen are suddenly throvra into circulation. 
•A sjphilitic flare-up generally tends to stimulate antibody production, but the 
presence of spirochetal antigen in the circulation may lead to antigen-antibody 
nnion m vivo. 'When, therefore, the amount of antigen in the circulation 
excessive, the antibodies inaj' temporarily disappear from the circulation, 
nn oubtedly due to antigen-antibody union. 

nii"h^^b^*''*^ ‘^^^oiogic reactions during spirochetal quiescence are also what 
^ expected. Antibody production depends on the antigenic stimulus 
ant'l '^^bls. As the antigenic stimulus is removed, the production of 

,]u .' eeases. Antibodies will continue to circulate in the blood stream for 
swob”*' fbeir production has ceased. Sooner or later, however, 

ogle reactions are bound to become negative as a result of spirochetal 
'iMifiscencc. 

presmi°"^ patient may give negative serologic reactions in the 

spiroehet lesions. This situation may be met with when 

oiivlj- V ‘■'"'1 destruction of tissue had occurred some time previ- 

The nr ” ’ ^ patient has an aortic aneurysm of syphilitic origin, 

dividca -'f formation of the aneurysm may be arbitrarily 
diistie 11 '' ° attack of syphilitic aortitis, during which the 

■mill renr''"i inflammatoiy area of the aortic wall was de.stroyed 

aced by fibrous tissue, and (2) the slow and steady expansion of the 
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fibrous area into a tumorlike mass. It is clear that while the spirochetes had 
been active during the first step of aneurysm formation, they are not neces- 
sarily active during the second step. Inactivity, in turn, means little or no 
liberation of spirochetal antigen and, hence, little or no stimulus to antibody 
production. The same statement applies to a perforated nasal septum and 
to other old destructive processes of syphilitic origin. 

One also encounters in syphilis, especially during therapy, fluctuating 
serologic reactions. A sei’um may be positive on a given day and but weakly 
positive or doubtful several days later or vice versa. Such results are naturalb 
annoying to physicians. The fact, however, is that neither negative reacting 
sera nor strongly’' positive sera show a tendency toward marked fluctuations. 
Only sera giving borderline positive results may show this tendency, which 
might be due to the colloidal-chemical nature of the serologic tests employed, 
An outstanding feature of colloidal-chemical methods is that small vaiiations 
in technique often lead to apparently marked changes in the results. 

It is undoubtedly because serologic tests are based on colloidal surface 
reactions that we are faced with such large numbers of tests. The cliffeiene« 
between the various precipitation tests are very much like the differences in 
the formula for baking a chocolate cake. The ingredients are very raiic f 
same, but the methods of mixing them are extremely important if one 
really good cake. The same applies to the differences between the ran 
complement fixation tests. 

Since it is best that human ingenuity be stimulated rather 
turbed, it is just as well to be faced with the problem of increasing mi 
of “new” serologic tests. Perhaps some day the perfect test 
pearanee. Even then, the problem of its perfomnance by impei'fect uiniaii 
will still remain. .jlli 

In summarizing, we have seen that serology is 
the immunology of syphilis ; that serologic reactions in syphilis le m' ^ 
tially like serologic reactions in other infectious diseases ; that the 
which govern serologic reactions in immunity apparently govern se n 
tions in syphilis; that all indications are that serologic reactions in syp 
specific immune reactions. 


III. SEROLOGY IN RELATION TO NONSYPHILITIC CONDITIONS 


The serology of syphilis in relation to nonsyphilitic conditions p 


■ologi' 


picture quite different from that just considered. One finds that sero^ 
merely a part of the immunology of a given infectious a 

reactions are not necessarily associated with syphilis. Serology 6 
of a biologic phenomenon not at all limited to infection and in tlif 

appear under multiple conditions in human beings and reactio'^^' 

absence of syphilis. Let us consider these nonsyphilitic sero Ooic 

JJUramicroscopic Reaction Between Nonsyphilitic Sera Jabor.ib’b'' 

Antigen . — Ultramicroseopic precipitation studies carried out in jgn.s io 

slioived that the type of antibody responsible for positive seio o,,i 
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syphilis is widely distributed among human beings in the absence of sji^hilis. 
According to these studies, of a given number of sera giving negative 
serologic reactions, ai)i)roximately one-third will show some precipitation with 
extract antigen when examined with the ultramicroscope. Table I gives the 
precipitation results obtained with 50 nonsyphilitic sera. It is evident that 
17 of the sera showed a definite tendency toward precipitation with extract 
antigen. In this experiment the precipitation property of nonsyphilitic sera 
becomes evident only under conditions of liigh magnification. In the follow- 
ing experiment this precipitation property becomes evident without magnifica- 
tion. 

Table I 

Size of Aggreqates Formed ‘When Standard Antigen Suspension (Kahn) Is Mixed With 
Sera From Nonsyphilitic and Syphilitic Persons and Examined 
Ultramicroscopically 

CROSS-SECTIONAL AREA OF AGGREGATES IN 
NUMBER OF SQUARE MICRONS 

SERA RESULTS READ 



after 1 HOUR 

AFTER 0 HOURS 

Nonsyphilitic 

11 

0 

0 

13 

0 

10- 20 

9 

0- 10 

20- 100 

7 

10- 50 

100- 350 

5 

50- 250 

350* 500 

5 

250- 500 

500' 1,500 

S}'philitic 

2 

250 - 500 

500' 600 

9 

250- 600 

600- 1,500 

24 

500- 3,000 

1,500' 4,000 

12 

500- 3,000 

4,000-10,000 

3 

3,000-10,000 

10,000-25,000 


Pi'ecipitation Property of Nonsyphilitic Sera Vi^ith Highly Sensitive Anti- 
/ejis.— In the course of routine standardization of antigen in this laboratory 
hiring the past decade, antigens have been encountered many times more sensi- 
‘'e than standard Kahn antigen. Thus, in the University Hospital where 
’‘^fologic examinations are made routinely on all admissions, tlie number of 
•ositive reactions ranges between 3 and 4 per cent. With the especially sensitive 
^^fiigens, however, the number of positive reactions in the same cases may 
exceed 30 per cent (Tables II and III). 


Table II 


SENsiTinxY OF Standard Kahn Antigen Compared With That of an Excessively 
Sensitive Antigen* 

'Wed in routine standardization of antigen at the Serological Laboratorj' of the Uni- 
of Michigan Hospitnl. 


^'dmber 


OF SERA 


STANDARD KAHN 
ANTIGEN 


EXCESSIVELY SENSITHT 
ANTIGEN 


3 

1 



Positive 

Doubtful 

Negative 

Negative 

Negative 

18 ; excessively sensitive antigen lot CN. 


Positive 

Positive 

Positive 

Doubtful 

Negative 
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Table III 

Serologic Results Given by an Excessively Sensitive Antigen Compared With Those 
Given by the Kahn Standard and Presumptive Antigens 

Sera (504) taken from general run of hospital admissions. 


ANTIGEN 

positive 

DOUBTFUL 

NEGATIVE 

Standard 

15 

3 

486 

Presumptive 


2 


Excessively sensitive 

137 

84 

283 


Serologic Reactions of N onsyphilitic Sera From Patients ]Yith Lepros’j 
and Malaria . — That serologic tests give positive reactions with the sera of 
patients wdth leprosy and malaria in the absence of syphilis is well known, lei, 
it seemed worth while to summarize the serologic results obtained in these two 
diseases with thirteen different complement fixation and precipitation tests.' It 
is evident from Table IV that leprosy patients give from 42 to 76 per cent 
positive serologic reactions and malaria iiatients, from 8 to 19 per eentpositne 
reactions with different tests. 


T..ABLE IV 

False Positives Reported by 13 Difp'erent Serologists on Blood Specimens 


From P®’ 


sumably Nonsyphilitic Patients With Leprosy and Malaria 

(From Supp. No. 1, Ven. Dis. Infer. Washington, D. C., 19350 

malaria — ati cAsis* 


leprosy — 50 cases 


PERCENTAGE OF FALSE 

positives 


percentage of false 
positives 


Brem* 

Eagle 

Hinton 

Johns 

Kahn 

Kline 

Kolmer* 

Kurtz t 

Lufkin and Rytz 

Beint 

Ruediger* 

Weiss 
Williams* 


44 

72 

40 

58 

60 

66 

64 

76 

70 

68 

62 

52 

42 


14.3 
12.1 
11.1 

11.4 
11.4 

14.3 

19.4 
16.7 
11.1 
19.4 
20.6 

8.6 

17.1 


•Performed modification of complement fixation tests. All others perfor 


onditions 

and 


tests, 

fPerformed Kahn presumptive tests. 

tPerformed Kline exclusion tests. 

Nonsypliilitic Conditions in Which Positive Serologic po 

Obtained . — It is generally assumed, based on textbook reports, tia 
tive reactions may be obtained only in isolated pathologic c 
addition to leprosy and malaria), such as in infectious sk 

malignancy. A study of the reports of the serologic evaliiation 
1928 reveals, however, that false positives may be obtained in T 

conditions and also now and then under apparently norma co 
reports of the League of Nations Health Organization of 
(1928)® and Montevideo (1930)® serologic conferences list among aci 

in which false positives have been obtained : acute bronchitis, 
cerebral hemorrhage, dementia praecox, epilepsy, senile cac 
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headache, and many others. It might be added that the pathologic condi- 
ions in which false positives were obtained in the American Evaluation study 
i£ 1934-1935' include, aside from leprosy and malaria, tuberculosis, malignant 
icoplastic disease, acute febrile diseases, and jaundice. False positives oc- 
urred also in pregnancy, during menstruation, and in other apparently normal 
'onditions. 

Positive Serologic Reactions in Lower Animals in the Absence of Sijphilis . — 
It is well known that many of the lower animals give positive serologic reactions, 
[t docs not matter what particular method one employs, whether a complement 
uation or a precipitation test, the reactions with the sera of horses, cows, pigs, 
ihiekens, and other animals are positive in most instances. Table V illustrates 
the relative frequency of positive serologic reactions given by lower animals. 
Table VI shows that lower animals may give positive reactions of relatively 
high quantitative titers. 


Table V 

Positive Kahn Reactions in Normal Anlmals 


ANIMAL 

NUMBEFw OP BLOOD 
SERA TESTED 

POSITIVE 

REACTIONS 

NEGATI\’E 

REACTIONS 

Sabbit 

2D 

21 

8 

Horae 

21 

19 

2 

Hog 

42 

42 

0 

Sheep 

10 

10 

0 

Cow 

7 

7 

0 

Calf 

4 

0 

4 

Dog 

9 

1 

8 

Chicken 

54 

32 

22 


Table VI 


Quantitative Kahn Reactions in Normal Animals 


— - - — 

ANIMAL 

NUMBER OF BLOOD SERA 

TESTED 

SEROLOGIC TITER 

Rabbit 

0 

4 


5 

20- 40 

Sheep 

4 

20- 40 


1 

80 

Hog 

10 

40- 80 

Cow 

10 

120-200 

6 

40- 80 


1 

IfiO 


.... Serologic Reactions With Spirochetal Antigens More Specific Than 
dll lissui; Extract Antigens? — ^Bech,'" in a recent comparative study of 
' spirochetal and ti.ssue extract antigens in eomploment fixation tests, found the 
"0 antigens of similar specificity. In 496 nonsyphilitic sera, he reported l.G 
I per cent doubtful or positive reactions with a spirochetal antigen and 1.2 per 
“ tissue extract antigen. More recently, Eagle and Hogan” and 
C'son and Eagle” have also made comparative studies of the two tjoies of 
' ‘*dd their results are definifcl}- in favor of the spirochetal antigen 

eiter strain). Out of a group of 540 hospital cases which gave negative 
r ation and complement fixation (Eagle) reactions, 17 gave reactions with 
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spirochetal antigen. Of these, 14 ivere accompanied hj^ a history of s.vpliilis, 
and only three ivere probably nonspecific. 

These investigators also consider the nature of the antigen and antibody in 
the serologic tests ivith tissue extract and spirochetal antigens. According to 
Beck, the spirochetes contain a specific antigen and an ‘ ‘ ubiquitous lipoid sub- 
stance, ” evidently common in mammalian tissue. Syphilitic serum contains 
two different antibodies: one reacting with the specific antigen in tlic 
spirochetes and the other with the lipoid antigen. Beck demonstrated by means 
of absorption tests three corresponding antiliodies for three serologically dif- 
ferent types of spirochetes (Reiter, Kroo, and Noguchi). Eagle and Ins asso- 
ciates find that the ahsoi'ption of sjqihilitic serum with spirochetal suspensions 
renders the serum serologically negative to both spirochetal and tissue extract 
antigens. On the other hand, the absorption of syphilitic serum witli tissue 
extract renders the serum serologically negative to tissue, extract antigen but 
not to spirochetal antigen. These authors conclude that spirochetal cultures 
(Reiter) contain antigenic material serologically related to a substance present 
in mammalian tissue, as well as other antigenic factors not present in sucli 
tissue. To quote Erickson and Eagle: “Since suspensions of cultured 
spirochetes contain antigenic factors which react specifically with s}T)hilitif 
serum, some of which are not present in ordinary Wassermann and flocculation 
antigens, they may prove even more valuable than tissue extracts in the seio- 
diagnosis of syphilis.” 


Returning to the question of specificity of spirochetal antigens, one might 
expect that the use of such antigens would lead to results very nearly com 
pletely specific for syphilis. For example, in the absence of syphilis in lepiosy 
and in malaria, the results with such antigens should be negative. 1 et, a sero- 
logic study of leprosy by moans of the complement fixation test with spiiochcc 
antigen bj’’ Cappelli,^^ indicates that the use of this antigen does not assure 
solute specificity. Of 23 nonsypliilitic leprosj'^ patients studied, Cappel i 
ported 18 one-plus or two-plus reactions on the first reading, and 5 
reactions on the second reading. It is thus evident that nonsjqrhilitic 
patients give at least weak or moderate complement fixation reactions 
spirochetal antigen. 

In the case of complement fixation tests with spirochetal antigen 
malaria, in the absence of sj’^philis. Eagle’* has pointed out that the resu 
far as specificity is concerned, are similar to those given by complenie 
tiou and flocculation tests with tissue extract antigens. It is difficu t 
plain why serologic tests with spirochetal antigen should give false 
reactions in malaria. Perhaps it is the “ubiquitous lipoid substance 
present in the bodies of the spirochetes that is responsible for the posi i 
tions both in malaria and leprosy. Eagle also claims that spirochetal 
contain antigenic material “related to a substance present m 
tissue.” Thus one must conclude that, based on present studies, 
antigens, although apparently some-what more sensitive than 
antigens used in diagnostic tests, are no more specific than these < 
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Whij False Positives f — The positive serologic reactions in syphilis are not 
difficult to explain. "We liave already seen that in all probability they are inti- 
mately related with iminiinity in syphilis. If we accept the point of view that 
tissue e.xtracts have something in common with the antigenic structure of the 
spirochetes, the immune nature of serologic reactions becomes further under- 
standable. However, none of these views throws light on the basis of serologic 
reactions in the absence of syphilis. If we would meet with false positives only 
in malaria and leprosy, the problem would not seem so complex. But such 
reactions are met with in any type of pathologic condition and in the ap- 
parent absence of such condition. In addition, many of the lower animals give 
false reactions. 

Elsewhere*^ I have stated it is conceivable that the basis for these sero- 
logic reactions (in lower animals) is the likelihood that the animals are 
carriers of nonpathogenic spirochetes. Man, for example, is known to give 
low titer agglutinin reactions to typhoid bacilli without regard to typhoid in- 
fection or vaccine immunization. The explanation is that the colon and 
typhoid bacilli possess certain antigenic constituents in common, and man, 
being a carrier of colon bacilli, possesses some natural antibodies against 
typhoid bacilli. On the same basis it might be assumed that lower animals 
possess natural antibodies against spirochetes. 

However, even if there is some basis of fact in this explanation of positive 
reactions in animals, it apparently is not applicable to false positives given 
by man. For these positives generally correspond to some pathologic disturb- 
ance. A patient with jaundice, for example, might give a positive reaction, 
but on recovery, this reaction generally becomes negative. 

There is still another aspect with regard to false positives; namely, the 
type of test employed. Eecognizing that traces of rcagin commonly occur in 
sera of human beings, it is understandable why the sensitivity of a test is so 
interrelated with its specificity. Thus, when employing a dependable diag- 
nostic test, sera containing minute amounts of antibody are likely to give 
reactions that are either negative or so close to the negative level as to be 
reported negative. If the sensitivity of a test is increased beyond proper 
limits, traces of antibody may be sufficient to give definitely positive reactions. 
Hence, highly sensitive methods arc likely to give comparatively large num- 
bers of false positives. 

It should be stated that we have not been concerned here with technical 
errors in the performance of serologic tests leading to false positives. Our 
• concern has been the so-called biologic false positives and, to our Imowledge, 
'( 1 ere is no acceptable explanation for their existence. 

To summarize, experimental evidence is presented that the type of re- 
j^ebon which occurs in the serology of syphilis is not limited by this disease. 

y means of ultramieroscopic studies and by the use of excessively sensitive 
antigens, it can be shown that relatively large numbers of nonsyphilitic in- 
■ ,1 . Give positive reactions. It is also well known that nonsyphilitic 
.. various pathologic conditions may give positive reactions 

;• routine diagnostic tests. The same tests also give positive reactions 
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with the sera of different animals in the absence of syphilis. It is thus evident 
that serologic reactions in the absence of syphilis are not isolated and unique, 
but they represent a distinct and widespread biologic phenomenon. 

IV. DIFFERENTIATION BETWEEN SEROLOGIC REACTIONS IN SYPHILIS AND IN THE 

ABSENCE OP SYPHILIS 


Assuming that it were possible to distinguish serologic reactions occurring 
in syphilis from those occurring in the absence of this disease, serologj' would 
lie placed on a new scientific foundation. The serology in syphilis and in the 
absence of syphilis would then become distinct from one another. The serologj' 
in syphilis would assume new specificity, hence, new dependability; and the 
serology in the absence of syphilis would lend itself to special studies as to its 
raison d’etre. These were the thoughts that for many years kept studies on the 
detection of false positives alive in this laboratory, but only recently did these 
studies begin to show promise. 

Strange as it may seem, the basis for the detection of false positives lies 
within the very serologic procedures in common use. The factor which diffen 
entiates true from false positives is the temperature at which these serologic 
procedures are carried out. 


It is well known that the temperature at which serologic tests are pn- 
formed markedly affects the final results. In the case of the standard Kahn test 
which is performed at room temperature, it has been observed again and again 
that high room temperature and low room temperature do not lead to the same 
results. Generally, temperatures considerably above 21° 0. lead to increase 
sensitivity, and temperatures considerably below 21° C. lead to decreased sensi 
tivity. But these observations apparently apply only to syphilitic sera. 

Studies of the effect of temperature on the Kahn reaction with animal se^ 
were found to present a different picture. These sera tend to give more ^ 
precipitation at temperatures below 21° C. than at temperatures aboie 

This difference in the response to temperature by seropositive ^ 
and animal sera formed the basis of studies which led to the 
procedure for the detection of false positive reactions in man. This 
consists in performing the standard Kahn test at 37° and 1°_^;> l-es io 
The technique is described elsewhere.’® Herewith, we shall limit 
brief considerations of several observations brought to light by this i 


temperature procedure. ^ 

Observation 1. Serologically positive sera of lower animals leac 
strongly at 1° than at 37° C. Serologically positive sera from 
pigs, rabbits, and other animals, when examined with the standar^ j.eactio»5 
carried out at 37° and 1° 0., respectively, give stronger 
at 1° than at 37° C. The types of reactions obtained at these two cm 
depend on the serologic potency of the sera. Some sera are model a e 
in the cold and negative at 37° C. ; some are strongly positive m e 
negative or moderately positive at 37° C. ; those which are so po e^^ 
strongly positive at both temperatures can be rendered positive m 
negative at 37° C. at given, dilutions of the serum with salt solution. 
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Observation 2. Serologically negative sera of lower annuals are either nega- 
tive at 37° and at 1° 0., or are negative at 37° and positive at 1° C. The 
tendency of animal sera to give precipitation reactions in the cold is not limited 
to those sera which are positive with a serodiagnostic test. The same tendency 
is noted also with sera which are negative rvith a serodiagnostic test. liVhen such 
sera are serologically examined at 37° and 1° C., approximately one-half will 
be found to give positive precipitation reactions at 1° and negative reactions 
at 37° C.; the remainder are negative at both temperatures. 

Observation 3. Serologically positive syphilitic sera react more strongly 
at 37° than at 1° C. When syphilitic sera giving positive reactions with a sero- 
diagnostic test are examined serologically at 37° and 1° C., precipitation will be 
found to be marked at 37° and weak or negative at 1° C. In the case of 
syphilitic sera having a high serologic titer, the reactions at 37° and 1° C. may 
be similarly positive. If such sera arc first diluted with salt solution to a 
degree that they give weakly positive i-eactions with a diagnostic test, and are 
then examined at the differential temperatures, precipitation will be marked at 
37° and weak or negative at 1° G. As will be seen below, the behavior of 
syphilitic sera at the differential temperatures is not as consistent as the behavior 
of animal sera at these temperatures. 

Observation i. Some serologically negative syphilitic sera are positive at 
37° and negative at 1° C. When serologically negative sera from treated cases 
of ssTihilis are examined at 37° and 1° C., some will be found to give a positive 
precipitation reaction at 37° and no reaction at 1° C. Now and then a sero- 
logically negative serum will show similarly weak precipitation at both of the 
differential temperatures. 

Observation 3. Serologically positive nonsyphilitic sera react more strongly 
of 1° than at 37° C. (a) Malarial Sera. An opportunity was afforded us to 
study the serologic behavior of malarial sera at the differential temperatures. 
The study was undertaken by Dr. L. E. Burney of the United States Public 
Ilealth Service and Dr. J. R. S. Mays, Assistant Physician of the Milledge- 
'■‘lle State Hospital, Jlilledgeville, Ga. Various syphilis-free patients in this 
hospital were treated by inoculation with malaria, and the serologic reactions 
"■ere studied before, during, and after the malarial paroxysms. A number of 
these patients gave positive serologic reactions with diagnostic tests. When 
testing the serologically positive sera of these patients at the differential tem- 
peratures, they showed stronger precipitation reactions at 1° than at 37° C. 

(b) Leprosy Sera. Some serologically positive leprosy' sera show stronger 
leaetions at 37° than at 1° C., and others show stronger reactions at 1° than 

37° C. It is likely that the former sera are from patients who have syphilis 
™ addition to leprosy, and the latter arc from patients who have only leprosy, 
fn view of the fact, however, that it is extremely difficult to differentiate 
’clinically syphilis from leprosy in many instances, the interpretation of these 
serologic findings at the differential temperatures must be held in abeyance. 

(e) Miscellaneous Sera. Serologically' positive sera in which the reactions 
sie believed to be false are frequently being received in this laboratory for 
examination from all over the United States. Many of these sera show strong 
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precipitation at 1° and negative precipitation at 37° C., and when the clinical 
histories of these cases are sent to this laboratory, all indications point to tlie 
absence of syphilis. Occasionally, this type of precipitation is obtained ivith a 
serum from a febrile patient giving a positive reaction with a serodiagnostic 
tesi during the febrile period, but a negative reaction when the fever subsides. 
Reeentty a specimen of blood from a 17-year-old boy was examined at the differ- 
ential temperatures. The boy won a scholarship in one of our leading institutions 
of learning and was clinieallj' free from any suggestion of syphilis. The finding 
of a stronger precipitation at 1° than at 37° C. with this boy’s serum led us to 
report a nonsyphilitic type of reaction. 

Observation 6. Serologically negative nonsyphilitic sera are cither negaim 
at 37° and at 1° C., or are negative at 37° and positive at 1° G. Serologicail.v 
negative nonsyphilitic sera might be expected to be negative also at 37° and 
1° C. Actually, many of these sera give precipitation reactions at 1° C. The 
number of these reactions in the cold depends on the source of the sera. In the 
case of normal persons these reactions may not exceed 2 per cent. In hospital 
cases they may reach 4 per cent or higher. In leprosy and malaria these 
reactions in the cold have been found to reach as high as 50 per cent. Table 
VII summarizes Observations 1 to 6 in outline form. 


Table ni 

Results Given by the Difpep.ential Texipebatuke Technique (VEniFicATiox Test) 

With Various Sera 


SERUM 

NUMBER 


REACTION OF 
SERODIAGNOSTIC 
TEST 


Positive 

Positive 

Doubtful 

Negative 

Negative 

Negative 

Positive 

Positive 

Doubtful 

Negative 

Negative 

Negative 

Positive 

Positive 

Doubtful 

Negative 

Negative 

Negative 


PRECIPITATION RESULTS; 


37° c. 


1° C. 


Tube 

1 


Tube 

2 


Tube 

3 


Tube Tube Tubs 

1 2 3 

Serologically positive sera of nonsypliiHtic lo'ver 
_ _ - +4- + + + + + + 

+ +- 1 - + + 

++ +++t 


+ + 
+ 


+ + + 
-f + 


nimals 


Serologically negative sera of nonsj'plulitic lower a 

++++ 

- + ' ■ 

Serologically positive sera of syphilitic human h 
4--H-+ + + + + + + + + " , -f-f-f-r 

± + + + + + + + + I - i 

Serologically negative sera of syphilitic human b g 

-!•+ + " I - 

Serologically positive sera of nons3philitic ++++ 

- - - -l-t-++ + +++ 

+ + + + + + ■’■■’■+1 

- ± ++ Riiman hcing-‘ 

Serologicallj'' negative sera of nonsj’p’ubtm 

"" t 1 X 

++++ ++++ 




Observation 7. Exceptions. The foregoing observations in 
positive serologic reactions given by serodiagnostic tests are divis ^ j»pjTiicr 
broad tjTies : a syphilitic type and a nonsyphilitic tjTie. Sera gumS 
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type of reaction tend to give stronger serologic results at 37° than at 1° C., 
while sera giving the latter type of reaction, tend to give stronger serologic 
results at 1° than at 37° C. In view of the fact that the nonsyphilitic type of 
reaction is encountered under various conditions in man and is relatively wide- 
spread among lower animals, it is referred to as the general biologic type of 
reaction. 

But clear-cut syiihilitie and general biologic types of seroiogic reactions are 
not the only tj^ies encountered in practice. Serologically positive human sera 
may show both types of reactions. Considering the widespread distribution of 
the general biologic type of reaction in the absence of syphilis, there is no reason 
why it should not also be found in the presence of syphilis. Hence, it might 
be expected that certain cases of syphilis might girm at the same time both the 
syphilitic and the general biologic types of reactions. 

Then again, tlie general biologic type of reaction may occur in syphilis; as 
has been observed in this laboratory in cases of neurosj’philis treated with 
malaria. A patient may siiow a positive spinal fluid reaction and a weakly 
positive or negative serum reaction. During malarial therapy ho may begin 
to give strongly positive seium reactions with a diagnostic test. On e.xamination 
of the serum at 37° and 1° C., it is found that the reactions are strongly positive 
at 1° and weakly positive or negative at 37° C., indicating that these reactions 
are not related to syphilis, but to the malaria therapy. 

In those instances in wliioli the results of the differential temperature tech- 
nique are inconclusive, certain supplementary procedures may prove of assist- 
ance. A procedure most frequently employed is based on tlie observation that 
sera giving borderline positive serologic reactions of a nonsyphilitie nature tend 
to show precipitation not only at 1° C. after they liave been heated for tliirty 
minutes at 56° C., hut also in an unlicated state. Syphilitic sera giving bordoi’- 
hne positive serologic reactions differ in this respect. These weakly positive sera 
give little or no precipitation in the cold after they have been heated at 56° C., 
and they are especially likely to give no precipitation in the cold when tested 
m an uniieated state. Hence, wlien the results of the differential technique 
are inconclusive, a supplementary test is carried out with serum in an unheated 
state. If precipitation is obtained at 1° and no precipitation at 37° C., the 
probability is that the serologic reaction is of a nonsypliilitic type. The use of 
sensitized antigen (employed in the Kahn presumptive test) lias also thrown 
'ight on a number of inconclusive tj-pes of reactions obtained with standard 
antigen. Studies of supplemenfaiy procedures are in progress witli the aim of 
reducing to a minimum the number of inconclusive types of reactions with the 
ditferential temperature technique. 

T/ic Verification Test . — Tlie differential temperature technique is referred 
lo as the verifleation test. The value of this test is briefly twofold; 1. As a 
aiipplementary procedure for .sorodiagnosfic tests whenever there is a qiiestion 
” positives. 2. As a procedure for the study of the nature and significance 

positive serologic reactions in the absence of sjqihilis. 

lire verification test as a supplementary scrodiagnqstic procedure. "Wlien- 
a'cr there is a question of the specificity of a- positive reaction given by a 
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diagnostic test, the serum is examined with the verification test. Three tj-pes 
of reactions are likely with this serum ; 

1. Syphilitic type. 

2. General biologic tj^pe. 

3. Inconclusive type. 

When sera giving negative reactions with a diagnostic test are examined 
with the verification test, four types of reactions may be noted. 

1. Negative type (when no precipitation occurs at either 37° or at 1° C,). 

2. General biologic type. 

3. Syphilitic type (generally in treated cases of syphilis). 

4. Inconclusive type. 

The verification test in the study of the nature and significance of non- 
syphilitic serologic reactions. False positive serologic reactions are generally con- 
sidered in relation to syphilis only. Once it is established that a given reaction 
is a false positive, the matter is generally dismissed. The question may arise, 
why it is that false positives in man are almost invariably associated ivitli 
pathologic disturbances. In leprosy, malaria, and infectious mononucleosis 
these general biologic types of serologic reactions are encountered more fre- 
quently than in other pathologic conditions. Also, why it is quite rare to en- 
counter these types of reactions in the absence of pathologic conditions. The 
fact that the general biologic tyqies of reactions are encountered among sero- 
logically'- negative persons is also of great interest. Can it be said that the 
general biologic type of reaction in man is a manifestation of some distui’bance, 
or do certain persons have the tendency to give this ty'pe of serologic reaction 
without regard to any disturbance? 


V. SUMMARY — THE NEAV SEROLOGY OP SYPHILIS 

Indications are that the serology of sy'philis, as it has developed during 
the past three decades, embraces two distinct types of positive reactions. One 
is essentially an immune serum reaction, similar to agglutination, precipitation, 
and other antigen-antibody reactions in immunity, which apparently i- 
specifically associated with syphilis. The other type of reaction may or nia.| 
not be associated with immunity; in lower animals it occurs under appar . 
normal conditions ; in human beings it most frequently occurs under pat o c 
conditions, but it is definitely not associated ivith syphilis. , ^ 

In the new serology' of synihilis, every positive reaction in which there is ^ 
question as to its relationship to syphilis will be subjected to special s 
not alone with the verification test but also, should it prove necessary', ni 
possible supplementary procedures. The serologist then will assume 
sponsibility for his report just as the roentgenologist, for example, is respo 
for his. _ • ( -pc 

Should the serologic reaction be found to be of the general 
and unrelated to sy^philis, clinicians mil not disregard it, but mil is 

reason for this reaction, especially as to whether some pathologic con ^ 
responsible for it. Eepeated serologic studies might reveal an increase 
crease in the potency' of the reaction, and these changes might corresp 
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changes in the pathologic condition. Then again, the studies might reveal, in 
some cases, a tendency toward positive serologic reactions in the apparent absence 
of pathologic conditions. 

The new serology of sjT)hilis will thus lead not only to more dependable 
laboratory diagnosis in sj'philis, but also to the study of the significance of 
those reactions not associated with this disease. A positive serologic reaction in 
the diagnosis of an asymptomatic case will first of all require the “typing” 
of the reaction to determine whether it is sj^philitic or general biologic. This 
determination may necessitate repeated serologic studies, considering that a 
person who shows no signs or sjTnptoms of syphilis is to be diagnosed as syphilitic 
or as free from syphilis. The increased dependabilitj’’ of the serologic diag- 
nosis of syphilis should remove objections against routine blood testing. This 
step, in turn, should greatly aid the control of syphilis. 
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THE TAKATA-AEA TEST IN LIVER DISEASE* 


Thomas Byrd j\Iagath, Ph.D., M.D., Rochester, ]\Iinn. 


HISTORICAL DATA 


W ERE a student to seek an example in medical litei’ature of generosity and 
patience on the part of investigators, he would do well to examine tlie case 
of the Takata-Ara test. He would discover in the vast number of papers on 
the subject, of which witli comparative ease might be found more than a hun- 
dred, what has come to be the typical life Jiistoiy of a laboratory test in modem 
medicine. This includes, among otlier tilings, the obsession of devising and 
using a simple, and if possible, bedside test to make an absolute and never fail- 
ing diagnosis in an extremely complicated and involved disease of diverse mani- 
festations, Perhaps it is the medical equivalent of the desire to get something 
for nothing. 


The history of the test might at once arouse suspicions. It was reported”' '■ 
at a meeting of the Par Eastern Association of Tropical Medicine for study d 
four widely separate diseases, no one of which may be considered as being tropi- 
cal. The relative rai'ity of the parent publications suggests that few authors haifi 
ever consulted it. It is fair to conclude that so far as American authors are con- 


cerned, they have been content to quote from Crane that it was originally pro- 
posed by Takata ‘'and later by Takata and Ara in 1925 as a colloid reaction 
in chest fluid.” So far as the printed I'eeords are concerned, Takata and AiOi 
not Takata,'-’ first recorded the reaction in what may be called a prior publica 
tion, for the page is 667. Here the test was described for spinal fluid as diOo 
nostic for syphilis and meningitis. On a later page, namely 693, and at to 
same meeting, Takata^® I’eported on the use of the same reaction in chest w 
hut in a different technical setting, to distinguish between lobar and lohu ar 
pneumonia. t So far as can be determined, study of the test has not been c.' 
tended seriously in these connections. It is important to note that Ta^a 
thought the flocculation or precipitation of the mercuric salt was ^ 

increase in globulin, long considered the agent which causes the preeipha w 
of vaiious colloidal suspensions, as for example, gold sol and benzoin. 


RochesS?™ a^ivision of Clinical Patlioloej'. Section on Parasitolog>-, the MW'O 

name usclcss to attempt to obtain general agreement as to^the^J,!^? 

name for th^ test if an eponym is to be used. The particular reaction their 

justification, be first ascribed to Takata and consider^ 

Takata in the volume. The serial dilution idea ® f ^Ltracts 
the paper bj Takata and Ara. However, in a limited circulated \'olume of 

scientific papers presented at the Sixth Congress of the Far Eastern Associa two 
Med.cme and publislied in Tokyo in 1925. tliere appeared extensive abstracts o£ .-.tj 

in question. The one by Takata appeared on pa^s 585 to 590, while the one b> 

Ara appeared on pages 609 and 611. The papers were evidently read at the f pneuttiorf;-; 
both were read by Takata who stated that he had first used tiie test in ®tudj i,i„r iu^ 
On the other hand, in neitlier paper was it suggested that the reaction he used as pybllsli 
tion test. This was suggested by Sfaub,” but the method of performing the test w- jiteraWf* 
by Jezler.«>. « It seems w-ise to refer to the te.st as the Takata-Ara test since 
generally contains the two names linked together. 


156 



MAGATH; TAKATA-ABA TEST IN LIVER DISEASE 


157 


Sfaub” know tliat Adler nnd Strauss had shown the presence of a disturb- 
ance in flic albumin-globulin ratio in the serum of persons suffering from certain 
liver diseases, and that Abrami and Robert-Wallich had shown it in cirrhosis 
in particular. He suggested to Nicole that lie investigate the cause of the Takata- 
Ara reaction in spinal fluid, and Nicole concluded it was due to a shift in the 
alliumin-globulin ratio. Staub then suggested to Jezler that the Takata-Ara 
tc.st could bo used as a liver fimction test on blood serum. Indeed, Staub re- 
ported that the results of the test were positive in cirrhosis, but the protocols 
and details were supplied by Jezler'"’ ■" the ne-vt year in his report which in- 
cluded a modification of the teehnitiue and a demonstration that the test could 
he performed on ascitic fluid. In 42 cases of cirrhosis he obtained 38 positive 
reactions, but he also obtained some positive reactions in pseudocirrhosis, yellow 
atrophy, chronic alcoholism, and passive congestion of the liver. 

Table I 


Takata-Ara Keactioj^ I^r Cases op Cirrhosis of the Liver 


AUTHOR 

cases 

1 POSITIVE : 

REACTIONS 

NO. 

per cent 

Jezler 

170 

124 

70 

Storz and ScUlunffbaum 

4 

1 3 


Oliva and Pcscarraona 

17 

' 17 

' 300 

Skouge 

40 

1 38 

95 

Zadek and co-workors 

6 

6 

100 

Uolirer 

15 

1 14 

93 

van Ginkcl 

21 

IG 

7G 

Crane 

25 

' 20 

' 80 

Scliindcl 

15 

' 12 

91 

Lazzaro 

29 

27 

93 

Scliindcl and Barth 

13 

32 

92 

Heath 

77 

4C 

CO 

Hafstrom 

18 

17 

94 

Hagins 

59 

57 

97 

Lrmg and Gsellmann 

12 

12 

300 

Happolt 

73 

G1 

84 

Jlanckc and Margaronis 

GO 

G4 

97 

Kirk 

21 

15 

71 

Bowman and Bray 

21 i 

18 

8G 

Tiinion and Bockiis 

19 

15 

79 

Cuttle, Kerr, 'Wolff 

18 1 

17 

94 

Girard and Vincent 

20 

20 

100 

Payno 

71 1 

G1 

86 

llcinrici 

52 

47 

90 

Horejsi 

18 

13 

72 

Israel and Bcinliold 

72 

G1 

85 

Hayburn and Cherry 

94 

87 

93 

Gcrtler and Lachenicht 

21 

14 

67 

Golob and Nussbaum 

72 

53 

74 

Gray 

35 

28 

so 

Jiagath 

72 1 

43 

GO 

'lotal 

1270 1 

10.3S 

82 


Bauer- found the test fairly satisfactory with some positive reactions in the 
presence of catarrhal Jaundice and some negative results in eirrhosis. Storz and 
'-c 1 ungbaum studied a number of eases and obtained positive reactions in 
.1 hepatic abscess, 3 out of 4 of cirrhosis, in 1 out of 23 of 

^Mcejstitis, and 1 out of 13 of heart failure and Jaundice. Oliva and Pes- 
rinona c.sprcssed the belief that the, test is specific for cirrhosis, and this 
“Pmion has been shared by many. 
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For several years after this the main development of the test was along the 
line of demonstrating its specificity for the diagnosis of cirrhosis. In evaluatins 
the material as a ivhole the fact appears that many different criteria have been 
used for reading a positive reaction, and that wdiat was called a significantly posi- 
tive reaction by one author is called a negative result by another. Hence the 
comparison of percentages in Table I must he accepted with some reseivations. 
Furthermore, the diagnoses may he disputed in some instances, since evidence 
frequently was not recorded. 

A careful examination of the reports, however, discloses a significant fact. 
In early cases of cirrhosis the Takata-Ara test frequently gives a negative result, 
and only in the advanced eases, usually with ascites, can it he relied on to give 
a positive reaction. Hence the percentage of positive reactions in a series of 
eases of cirrhosis may be varied hy the inclusion of an excess of early or late 
cases. Naturally in the eases in which necropsy confirmed the presence of 
cirrhosis, the results of the test were almost invariahly^ positive. In summar}’, 


the impression gained from an extensive examination of literature leads to the 
conclusion that in less than half of the eases of early cirrhosis a strong positive 
reaction wnll he obtained, and in a high percentage, probably 90 or 95 per cent, 
of the cases of late cirrhosis the results of the test wiU he positive. 

The enthusiasm for the test, even as a diagnostic one for cirrhosis, would not 
have been so great if critical examination of the protocols and even the con- 
clusions of the majority of authors had been made. It has now become apparent 
that parenchymatous damage of liver cells, if severe or even moderately severe, 
will cause a positive Takata-Ai'a reaction in a large percentage of cases, 
damage may be caused by a wide variety of agents. It is important to 
that many authors, in fact almost all who have investigated the matter, 
shown that changes in the liv’er attributable to obstructive jaundice, even thoUc 
the jaundice be severe, do not, as a rule, produce a positive Takata-A« 
action. Crane has shown this in 18 cases; Jezler,^°’ in many’’ cases, an 
same observation has been made b,v Storz and Sehlungbaum, Way burn 
Cherry, Heath, Sommer, von Brandis, IMagath, and others. Aet 
Lachenicht found the test positive in all nine of their patients witi i 
simplex.”, 

Many authors have recorded many positive reactions in the 
parenchy^matous damage of the liver w'hich wms not due to jjgye 

Some authors, such as Sommer, Gohr and Bolt, and Backert and l^avi 
been so impressed -with this that they" have implied that the test 
an indication of such damage. Mancke and Sommer, Eatheiy an 
Godtfredsen, Sparchez and Viciu, Magath, Gertler and Lachenic ’ 
Cornejo, and Irigoyen, and others have emphasized the frequency ’wnt 
test gives positive results in this ty"pe of hepatic injury". Such con 
far recorded are hepatitis due to a variety of causes, abscesses, 
gestion, malignancy", hepatic syphilis, acute y"ellow atrophy, and possi p,- 
conditions. Hugonot and Sohier^' reported the test positive in ^jseass- 
leishmaniasis and thought the test -would be positive in grave hepa Ip 

Unanimity of opinion is not found among all authors, however, m 
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this matter. For example, Crane did not find any positive reactions in 6 cases of 
malignancy of the liver and even tliouglit the test could he used to advantage 
in identifying these cases. Von Brandis tested 30 patients ivith malignant dis- 
ease of the liver and obtained negative results for all, yet Heiurici obtained 10 
positive reactions in 12 cases. Jezler*' in one series obtained positive reactions 
in 1 out of 6 cases studied; I found positive reactions in 7 out of 9 cases; Gertler 
and Lachenieht reported positive tests in 9 out of 11 cases; and Payne found 
9 positive tests out of 14 cases of malignancy. Chasnoff and Solomon'* con- 
cluded the Takata-Ara test ivas positive in mo.st cases of malignancy involving 
the liver. Disagreement in regard to the test in passive congestion owing to 
cardiac failure and other conditions has also been recorded. Heinriei recorded 
positive reactions in half of his cases, and Horejsi, in a smaller percentage. 
Girard and Vincent obtained routinely negative reactions, and Storz and 
Schlungbaum rarely found a positive reaction. Crane recorded a few positive 
reactions, and Waybum and Cherry obtained positive reactions in 7.4 per cent 
of their 122 eases. 

In spite of many discrepancies in results, the general opinion has been that 
the test is useful in the diagnosis of cirrhosis. Some authors, however, have 
not agreed with even this general statement. Bowman and Bray stated the 
test was ‘‘not significant enough to be of value in the clinic as an additional 
laboratory procedure,” and they obtained a large number of positive reactions 
on patients without cirrhosis whose total proteins were low or whose albumin- 
globulin ratios had shifted. 

3Iany authors have recorded positive reactions in diseases not essentially 
hepatic in nature and even in diseases in which the liver can hardly he regarded 
as being essentially involved. Examples of these which may be mentioned are 
the positive reactions obtained in 13.4 per cent of cases of stomach ulcers, colitis, 
and pulmonarj- tuberculosis recorded by von Brandis, and in 11 out of 12 cases 
of pulmonary tuberculosis listed by' Ornstein. Omstein also found a high per- 
centage of positive reactions in cases of nephritis, pellagra, secondary’ sj'philis, 
chronic alcoholism, and diabetes, and even 27 per cent of positive reactions in 
mental maladies. Positive reactions in nephritis, pulmonary tuberculosis, arterio- 
sclerosis and lobar pneumonia were found by Crane. Schmengler also found 
Positive reactions in a high percentage of cases of pulmonary tuberculosis. In 
a 1 cases of nephritis studied by 'Waybuni and Cherrj- positive reactions were 
0 tamed, and positive reactions also were recorded in cases of lobar pneumonia 
''ltd pulmonary tuberculosis. Biondo found positive reactions in two eases of 
pulmonary tuberculosis and atrophic changes in the liver. Girard and Vincent 
emphasized the likelihood of positive reactions in the presence of nephritis with 
" serum proteins, and others have recorded occasionally positive reactions in 
lanety of diseases. Weiner also obtained positive reactions in nephritis, 
anti s disease has not given consistent reactions in the hands of various au- 
ccs; some recorded positive reactions and others negative ones, 
th observing the test in a long series of children, concluded that 

ser' ‘bat its results were positive in all 

lous diseases in which the detoxicating function of the liver was disturbed or 
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the colloidal state of the serum was changed. This among children occurs fre- 
quently in sueli diseases as typhoid fever, pneumonia, nephritis, and in septic 
conditions. 

It is interesting to note that Bauer,® and more recently Gray, have reported 
on colloidal gold tests on serum of patients with hepatic disease. They liave 
foimd in general that positive reactions are the rule in eases of cirrhosis and 
acute parenchymatous hepatic disease, and occur in many cases of malignancy 
of the liver and various hepatic diseases. This colloidal gold test was found to 
give a positive reaction in certain extrahepatie diseases and in particular in 
sj^philis. The test appears to he more sensitive than the Takata-Ara test as a 
general liver function test and hence less specific for cirrhosis. Gray thought 
the test did not depend primarilj'- upon a quantitative increase in glohulin, a 
decrease in albumin, or an inversion of the albumin-globulin ratio. He was 
of the opinion that euglobulin was the key to the reaction. 


METHOD 


The technique described by Takata'® required eleven^ tubes. One cubic 
centimeter of patient’s serum Avas so diluted with physiologic salt solution tiat 
a serial dilution resulted as follows : 1 ;5, 1 :10, 1 :20, to 1 :500. To each tu e 
were added 0.25 e.c. of 10 per cent solution of sodium carbonate and 0.25 w. o 
a fresh mixture of mercuric chloride solution, consisting of equal parts of O.o p^ 
cent sublimate solution and 0.02 per cent fuchsin. The tubes were allowe o 
stand for several hours, and positive results -were indicated by flocculation in 
tubes. Jezler^^ modified the test by using nine tubes and making a serial d u 'on 
beginning wdth 1 c.c. of serum and 1 c.c. of salt, in the proportion of 1: i ® 
1 :4, 1 ;8, to 1 ;512. To these dilutions were added 0.25 c.c. of 10 per cent so u ion 
of sodium carbonate and 0.3 c.c. of sublimate fuchsin mixture. The reading was 
made after a half hour and again after five hours, and positive reactions wer 
indicated when at least three tubes of 1 :32 dilution or higher showed floecu 
Takata and Ara used a single tube into -which were placed 1 c.c. of spina 
1 drop of 10 per cent solution of sodium carbonate, and 0.3 c.c. of a mix ure 
0.5 per cent solution of mercuric chloride and 0.02 per cent solution of ua 
The tube -was shaken and allowed to stand for t-wenty-four hours. They a o p 


posed the serial dilution scheme. 

Since Takata and Ara announced their test a large number of 
have been introduced. One which has been used extensively and whmi w 
in mj’- previously reported series Avas a modification proposed by aa 
this test six tubes are used, and into each is placed 1 c.c. of 0.9 ontenl^ 

of sodium carbonate. To the first tube 1.0 c.c. of serum is added, and le c 
are thoroughly mixed. One cubic centimeter then is removed and a c 
second tube. After mixing, 1.0 c.c. is transferred from the second o 
tube, and so on until the sixth tube, from Avhich 1.0 c.c. is discar ® 
tions of serum thus range from 1 :2 to 1 :64. To each of the tubes -a a 
per cent solution of sodium carbonate is added, and the contents are 
Then 0.15 c.c. of solution of mercuric chloride is added to eac i gj-giura 
tubes are again shaken. The mixtures are allo-wed to .stand at room 
overnight, and the readings are made at sixteen to t-wenty-four oui 
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divided the reactions info five, groups: strongly positive, positive, vveaWy posi- 
tive, suspicions, and negative. A strongly positive reaction is ehaiacterized 
liy a maximal precipitate on settling, filling at least the lower third of the fluid 
column. A positive reaction oecnrs when there is a definite but not a maximal 
precipitate in any one tube, or some precipitate in at least three tubes. A weakly 
positive reaction is present when there is a definite hut minimal precipitate in 
any one or two tubes, and a suspicions reaction is present when there is a doubt- 
ful precipitate in any two tubes. The reaction is considered negative when 
there is no floceulent precipitate. A definite, pearly floeculent precipitate must 
be present to interpret a reaction as piositivc. Granular or flaliy' precipitates are 
disregarded. 

Ucko’s®”' •' modification consisted of using four tubes, into each of which 
is placed 0.2 e.o. of serum; and into the first tube, 0.25 c.c. of 0.36 per cent solu- 
tion of sodium carbonate; into the second tube, 0.2 e.e.; into the third, 1.5 c.c., 
and into the fourth, 1 c.c. Solution of mercuric chloride, 0.5 per cent, is added 
(o each tube in amounts equal to the carbonate solution. If three or more tubes 
are translucent after they have stood for several hours, the reaction is said to he 
negative. If there is an opaqueness with some precipitate in the first three tubes, 
it is graded 1+. If there is a precipitate or flocculation of uniform turbidity in 
the four tubes, it is graded 2-^; and if a thick precipitate forms immediately 
in all four tubes, the reaction is graded 3+. Ucko®' thought his modification gave 
a more certain indication of disturbance of the liver than did the Takata test, 
and on comparison obtained about 20 per cent disagreement between the two 
tests. Bauer’ used magnesium chloride instead of mercuric chloride. 

Many suggestions for reading the results of the test have been proposed, as 
for example, the one by Hafstrom, who graded the results on a scale of 1 to 4 ; 
grade 1 being slight turbidity; grade 2, incipient flocculation; grade 3, clear 
iioceulation ; and grade 4, maximal flocculation. Hafstrom also used fuohsin in 
his tests. 


JIancke and Sommer devised a modification which they advocated: Into 
each of eight tubes is placed 0.1 c.c. of the scrum; tlien 1.0 c.c. of the salt solution 
(0.9 per cent) is put into the first tube, 1.1 c.c. in the next, and so on, until 
the last tube receives 1.7 c.c. Into each tube is placed 0.4 e.e. of a 10 per cent solu- 
tion of sodium carbonate, and then 1.0 c.c. of 0.25 per cent solution of mercuric 
chloride is pipetted into the first tube and 0.9 c.c. in the second ; the quantity is 
wreased by 0.1 e.e. until the last tube receives 0.3 c.c. The flocculation test is 
read after twenty-four hours. 

Since IV ayhurn and Cherry indicated that their method of performing the 
increased its accuracy, and since they did not altogether agree with my 
'^‘^Pnrt, I decided in this new scries to use their technique.* The method 
" ... and Cherry is a modification of that proposed by Crane and is not 

— the method suggested by Heath: eight AVassermann tubes arc used 

» rosltn?T.||l,l!'® ami Wxt of Wayburn and Cherry's paper they indicated that I found 

dtcatcd that reactions m 25 cases of cirrhosis of the liver, and in the table they in- 
lay resnUs entifop. Ppfitive reactions was 36 her cent, which would have brousht 

Part of Waybum iml nfi ’ results. Evidently this is a mlsreadlns on the 

the tISS An £1®''.?'- 2S cases of cirrhosis of the 

Per cent and Khp4/‘l,rffction was positive. This may he compared favorably with Heath's 60 
nu tvlrks il per cent, as reported m the table by Wayburn and Cherry. 
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instead of six, and the serum is serially pipetted in geometric dilutions. The 
tubes are agitated thoroughly for thirty to forty seconds after receiving 0.25 c.c. 
of 10 per cent solution of sodium carbonate, and the individual tubes are shaken 
as soon as 0.15 c.c. of a 0.5 per cent solution of mercuric chloride is added. The 
tubes are left at room temperature for twenty-four hours before reading. The 
presence of a characteristic precipitate is considered a positive reaction. This 
is a white to pearl gray, soft, large-flaked flocculent. The serum was not con- 
sidered positive unless a precipitate appeared in at least three consecutive tubes. 
This usually begins in the 1 :8 dilution. The appearance of a fine, brick-red 
precipitation is of no significance. Wayburn and._Cherry admitted that the six 
tubes proposed by Crane were rational, although they thought the results are 
demonstrated more clearly with eight tubes. I did not notice the advantage of 
the two additional tubes. 

Although the teclmique of performing the Takata-Ara test is superficially 
simple, careful study and experience in reading precipitation tests are necessary 
in order to secure satisfactory results. Frequently precipitation occurs that evi- 
dently is not colloidal flocculation and gives the inexperienced worker difficulty 
in interpreting the test. 

MECHANISM OF THE TAKATA-ARA TEST 

In spite of the vast literature which has accumulated concerning the mecha- 
nism of the Takata-Ara test, there is as yet no general agreement or adequate 
explanation for the flocculation that occurs in the serum of certain patients. 
In general, it is believed that mercuric chloride and sodium carbonate form 
mercuric oxide in the presence of proteins which are considered to act as pro- 
tective colloids. In certain pathologic states precipitation of the colloid occurs 
because as is generally believed, the albumin-globulin ratio in the serum has been 
altered. Takata'® thought that the ratio was altered by an increase in the 
globulin fraction. Jezler'*'’’ found the globulin fraction regularly more than 
55 per cent of the total protein in cases in which Takata-Ara reactions uere 
positive; whereas in cases in which the results were negative the average vns 
about 37 per cent. 

Gros,“® from a comprehensive study of the mechanism of the Takata-Ara 
reaction, concluded that mercuric chloride was adsorbed in organic substances 
onto the protein, but he did not think that this was specific for persons wit m 
eases of the liver. 

Many investigators have concluded that the precipitation by the 
sublimate solution was due to a disturbance in the albumin-globulin laUo, < 
though many havm noted that in a fairly large number of cases a positive 
Ara reaction has been obtained when the ratio was normal, and conversely , nCc^ 
tive reactions have been seen when the ratio was disturbed. Some authois i< ^ 
stated that a mere lowering of the protein level did not result in floecii a 
although Abrami and Eobert-Wallieh thought it did. Among those w lo 
held that a change in the ratio between albumin and globulin resulting m 
tive increase in globulin was the cause of the precipitation may^ be men 
Lazzaro, Vigada and Montanari, Hugonot and Sohier,^” Schreudei, nr 
Martin, and Dufosse, Kagins, and Gobi- and Niedeggen. Others, siici a 
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Ginkel, Gros,"* Halm, Eappolt, Kirk, and Ucko,*- indicated that an actual in- 
crease in the serum globulin must be considered important in causing the positive 
reaction. 

In opposition to these opinions, Shouge, and Schindel and Barth were 
unable to correlate accurately the Takata-Ara reaction with either an increase in 
globulin or a lowering of the alhnmin-glohulin ratio. Fulde thought tliere was 
no correlation between the albumin-globulin shift and the reaction. Schreuder 
took the half way position, that either an increase in globulin or a decrease in 
albumin would cause a positive reaction. 'When Kallos-Deffner starved rabbits 
in a rarefied atmosphere and produced a ketonuria in them, the Takata-Ara test 
then gave a positive result which became negative when the animals returned 
to normal; d’Alessandro corroborated these observations. Kecht lent some sup- 
port to this line of thought wlien he demonstrated the positive reaction of cliil- 
dren with acidosis and dehydration. 

Medvei and Paschkis, Zirm, and Ragins have noted that after the addition 
of heparin to blood, the scrum which previously had given a positive Takata-Ara 
reaction gave a negative reaction ; this occurred in spite of the fact that Fischer 
demonstrated heparin converts albumin in serum into globulin. 

Bowman and Bray obtained many positive Takata-Ara reactions with serum 
in which the level of protein was low and in which tlie alhnmin-glohulin ratio 
was not reversed. 

Tumen and Bockus did not think that the reaction was wholly dependent 
on the albumin-globulin ratio, although they stated that a low albumin content 
and the reversal of the albumin-globulin ratio were the rule. The same con- 
clusion was reached by Cuttle, Kerr, and Wolff. Cliasnoff and Solomon, after 
studying 28 cases, concluded tliat in most cases there was an alteration in the 
albumin-globulin ratio when the Takata-Ara reaction was positive; although 
this was the most important cause of the reaction, it was not the sole cause. 

Taran and Lipstein pointed out that the albumin levels are lower and the 
globulin levels are higher in serum with a positive reaction. In their series of 
10 cases of amyloidosis and tuberculosis, Takata-Ara reactions were positive 
■n 31. These autliors, however, expressed the belief tliat this was not due to tlie 
presence of amyloid but to the changes in tlie relation of the serum proteins. 

Schindel produced positive reactions by the addition of lower fatty acids 
to serum and reversed the reaction wlien he then added alkalies, yet Gros’'* could 
produce no changes in tlie test after extraction of fatty acids from the serum. 
Ucko'" lightly criticized these experiments as being invalid, since the addition 
of fatty acids changes the reaction in the tubes to such an extent that tile test is 
no longer comparable to the original test. 

Oefelein found the ammonia content of the blood high in eases in wkich 
le Takata-Ara reactions were positive. When the amount of ammonia was low, 
lat is, from 0.2 to 0.58 mg. per 100 c.c., he found the reaction was negative, 
inn l’‘’®’li''e when the quantity of ammonia was above the level of 0.85 mg. per 

c.c. Chasnoffi and Solomon,’'^ after an exhaustive study of this factor, con- 
c uded the ammonia content of the blood bore no relation to the Takata-Ara tost, 
in , contended that the globulin in the serum caused the precipitation 

e Takata-Ara reaction when the globulin was not protected. He suggested 
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this protection was due to “some sulpluiric compound in the blood serum,” ])er- 
haps a free SH-group. He explained the reaction in hepatic disease on the 
theory that the sulfur metabolism was faulty in such diseases. 

Seiler and Eehm maintained that this reaction was not a colloid-colloid 
reaction, but that the mercuric chloride in the Takata-Ara test was in a true solu- 
tion, entering into the protein complex and remaining as a sublimate or 
oxychloride.. They were of the opinion that the flocculation was primarily a pH 
reaction present in pathologic sera. 

Staub and Jezler concluded the Takata-Ara reaction was a result of dysfunc- 
tion of the liver, dependent on the colloidal composition of the serum. Jurgens, 
from experiments on geese and dogs, concluded that the test was dependent on 
metabolic products of damaged liver cells, and Crane suggested as possible causes 
of a positive reaction: (1) release of liver proteins into the circulation (that 
is, in cases of yellow atrophy) ; (2) inability of the liver to alter proteins con- 
tained in the blood; and (3) failure of some blood to pass through the liver, 
going instead, by way of collateral venous anastomoses, directly into the general 
circulation. 


Another suggestion has been made by Recht, that' lipoids played an impor- 
tant role in the test. 

Wuhrmann and Leuthardt held that the precipitate was due to the linkage 
of sublimate with proteins of the blood serum in which fibrinogen also played a 
part ; others have suggested that fibrinogen pla 3 'ed some role in the reaction. 


One of the few papers based on animal experimentation on the subject is 
bj’’ Halm, who made mixtures of calf and beef blood so as to obtain di eren 
albumin-globulin ratios. He concluded that as the ratio of globulin to albumin 
increased, results of the Takata-Ara test became more positive. Waj'burn an 
Cherry have summarized their views as follows : 

“It is extremely^ difficult to explain the occurrence of the positive 
Ara reaction by any one hypothesis. Increase in the globulin fraction o 
serum, both relatively and absolutely, does occur in the majority of the cM^ 
but there are many cases in which it does not. Conversely, there are many c 
with changes in the globulin without positive Takata reactions. The 
liver damage as such appears to plaj’^ veiy little role. If the release o 
proteins into the circulation were important, acute jmllow atrophy siou b 
uniformly strongly positive reactions, but it does not. If the reaction 
by the failure of blood to pass through the liver, portal thrombosis s on ^ 
uniformly positive reactions, but it does not. It seems rational at this 
content with Staub and Jezler that the Talvata reaction represents a 
of the liver. It probably^ is dependent on the colloidal ^,gual 

serum. It probablj- represents some retention substance which uii ei 
conditions of its occurrences requires some time to be forme 
quantity to result in a positive reaction (comparable, again, to an e e\a n 
urea in chronic glomerular nephritis) . It is possible that this is a toxic 


ith 


The main objection to this summary is their agreement w. 
Jezler and the suggestion that the reaction is due to a toxic or le en 


sub- 


stance. Greene, and others as weU, have pointed out that 


the results of the < = 
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are often positive when the liver is not damaged to the extent that any other 
tests or observations can demonstrate such damage and also are positive in dis- 
eases in which tliere is no indication the liver is involved. 

The reaction is likely to be due to a more fundamental change in the body 
fluids, which often, perhaps more often, is due to dysfunction of the liver than 
to that of anj' other organ but which may he caused by the dysfunction of other 
organs, and results in colloidal changes in various bodily fluids, such as serum, 
spinal fluid, and the fluids secreted by serosal surfaces. 

RESULTS OF OBSERVATIONS 

In order to investigate the value of the Takata-Ara reaction, the two series 
of eases which I have studied have been combined, since a separate examination 
of cadi series did not reveal any particular differences. The results in the first 
series liave been reported previously, and this series consisted of S6 consecutive 
cases. In all but one instance the bromsulfalein test was performed simultane- 
ously, and in all but three, qualitative and quantitative van den Bergli reactions 
were studied. Furthermore, examinations of the senim protein were made in 
62 of these cases. All those patients were carefully examined by experienced 
clinicians, with special reference to tlie possibility of disease of the liver. The 
condition of the liver of 27 of those was observed either at operation or at 
necropsy. The metliod of jiorforming the test was the six-tube method suggested 
V Heath. 

Since study of tlio second series was stimulated by the criticism of liVayburn 
and Cherry, their technique of using eight tubes was followed. The cases in this 
series were selected in an entirely different manner from that used for selection 
ni the first series. Only cases were included in which the bromsulfalein test 
indicated retention of 6 per cent or more (grade 1) of dye; the Takata-Ara test 
Was performed on the same sera. All these patients had both qualitative and 
i|irantitative van den Bergh reactions. In this series tlie livers of 50 patients 
Were observed either at operation or at necropsy, and all the patients in the 
senes, like those of the former series, were studied carefully by clinicians, with 
particular reference to the possibility of disease of the liver. 

The combined series included 249 patients. Tlie condition of 72 of these 
patient.? was diagnosed as cirriiosis of the liver; of this number, 43, or about 
per cent, had a positive Takata-Ara reaction (Table II). Thirty bad malig- 
nant disease involving tlie liver; of these, 12, or 40 per cent, gave positive 
aata-Ara reactions. Tlie livers of 108 patients were involved in other tj'pes 
0 disease, of which 20, or 19 per cent, gave positive Takata-Ara reactions. In 
n , there were 210 cases of clear-cut involvement of the liver, in 75, or 40 per 
«iU, of which Takata-Ara tests gave positive results. 'When the cases of 
r losis of the liver were omitted, positive reactions were found in 23 per cent 
n 1 'c other cases iu which the liver was involved. Eighteen patients in the 
■ ecoinl series had more or less acute hepatitis, and 5, or 28 per cent, of these gave 
favn^T- I'cocfion. In this series, which obviously was selected in 

ii iiisi-*'* of tl‘0 Hver, positive Takata-Ara reactions were noted in 

•luces m wliich there evidently was no involvement of the liver; results of 
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the Takata-Ara test were negative in 12 cases in which obviously the liver was 
not injnred. In this series, as in some reported by others, obstructive lesions 
did not result in positive reactions, and in all kinds of early lesions of the liver 
the results of the tests were usualh’- negative. 

Table 11 


Takata-Aea Test as Belated to Liveu Damaoe. First and Second Series Cojibiked 

(249 Cases) 


CONDITION OF EU’ER* 

TAKATA-ARA TEST 

POSITn-’E 

NEGATIVE 

CASES 

PEH CENT 

CASES 

PER CEAT 

Cirrhosis present 

43 

60 

29 

40 

Cirrhosis absent 

41 

23 

136 

77 

Malignancy of liver 

12 

40 

IS 

60 

Liver involved! 

20 

19 

ss 


Liver not involved 

9 

23 

30 



‘There were 310 eases in which the liver was involved ; in 75, or 36 per 
of the Takata-Ara test were positive. WTien the cases of cirrhosis are omitted, the ianaia-a i 
test was positive in 23 per cent. 


tOtber than diseases listed above. 


Table III 


Takata-Aba Test of Liver Function in First Series (S6 Cases) 


RESULTS OF VARIOUS TESTS 

TAKATA-ARA TEST 

POSITIVE 


Albumin-globulin ratio, reversed 

12 

! 2 

Albumin-globulin ratio, normal 

9 

1 39 

Bromsulfalein test, positive 

26 

' 29 

Bromsulfalein test, negative 

4* 

1 Bi 

van den Bergli reaction, direct 

22 1 

. 

van den Bergli reaction, indirect 

Oi 

1 33 


‘Liver apparently not involved. 

tin 4 of these cases the liver apparently was not involved. 


There was no evidence to suggest that changes in the total protein o 
serum could be correlated with the Takata-Ara tests; this was studied in the r» 
series in particular (Table III). In 12 cases in which results of the Takata-^ w 
test were positive, there was a reversal of the albumin-globulin ratio, 
there was a normal ratio; in 2 cases the ratio was reversed, hut results ° 
Takata-Ara test were negative. In only about one-half of the eases 
there was a reversal of the albumin-glohulin ratio was the liver involve 
in 9 out of 21 eases of cirrhosis the ratios were reversed (Table IV)- ” 
one ease, that of bypernephi'oma, the ratio was revei'sed, and qJ 

liver was not diagnosed. It should be noted, however, that ji,e 

disease of the kidney were included in this series. It is possible ‘ 
fibrinogen content of the serum has an influence on the Takata-Ara lea 
may account for Takata ’s'® reaction in cases of pneumonia. _ 

The correlation between the Takata-Ara test and the bromsulfalein ^ 
not high. In only half of the eases of the first series in which 
occurred were the results of the Takata-Ara tests positive. pieseri 

series included only cases in which retention of djm of some giT e u 
with the exception of a single ease, the correlation can be examine o 
one side. Of 163 cases 51 gave a positive Takata-Ara reaction. 
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TABtE IV 


ALBUiriN-GLOBULIK RATIO IN DISEASE OF LiVER IN FIRST SERIES 


condition op LIATR 

1 ALBUMIN-r.LOBULlN RATIO 

NORMAL CASES | 

1 reversed cases 

Cirrhosis present 

12 

9 

Cirrhosis absent 

3(i 

4* 

. Cells of liver involved j 

23 

13 

Cells of liver not involved 

25 

It 


•Carcinoma of liver present in 3 of these cases, hj-pernephroma in the fourth. 
fHypernephroma. 


The van den Bergh reaction Avas indirect in a large number of instances 
in which the Takata-Ara I’eaction was positive. In the present series direct van 
den Bergh reactions Avere present AA'Iien results of 27 Takata-Ara tests Avere posi- 
tive and ■a'hen 23 Avere negative. 

Ten patients in the present series had syphilis, 7 of Avhom gave positive 
results to the Takata-Ara test. The liver Avas inA'olvcd in all of tliese patients. 


Tabi-e V 

CoiCPARisoN OF Tests op Ltveu Fonctiok ik First Series 


TEST AND RESULT 


CELLS OF LIVER 


:a-Ara test, positive 
rakata-Ara test, negative 
RromsuUatein test, positive 
■Brom.sulfalein test, negative 
van den Bergh reaction, direct 
den Bergh reaction, indirect 



c>theiTiia^^respecu?'el^^^*^^ degeneration, adenoma of gall bladder, hemolytic Icterus, and poly- 

t^sea of arthritis, hypernephroma, and facial neuralgia, respectively. 

IHepatltis (?) and syphilis present in one case; recession in cholangeitis in the other. 
Inypemephroma In one case, hemolytic icterus in the other. 


As was pointed out in a previous paper, the results of the bromsulfalein test ' 
^vere extremely significant. In the first series, results of the bromsulfalein test 
here positive in 51 cases in which the liA'cr A\'as inA-olved b3’' disease, and in onlj- 
eases in Avhich tlie liver w'as thought to be iminA'olved (Table V). Even in 
lese 3 cases, IioAvever, there may haA'e been some involvement of the li\’er. In 
G present series there Avere 12 cases in Avhich no clinical diagnosis of involve- 
of the liver Avas made, but it is interesting to note that in 5 of these the 
a^osis of was recorded. Since an increase in uric acid in the blood is 
present in gout and since Bollman, ilann, and I haA'e shown that the liver is 
been'^^ raetabolism of uric acid, the livers o£ these patients may not have 
normal and the retention of dj'e may have been A'alid. In 2 cases there were 
"'ibgnant lesions of other organs. 

Again the importance of i-etention of dj'o of Ioav grade, up to 12 per cent 
bv • *'®_brought out, since in a large number of cases of inA'oh'ement of the 
^ present (Table VI). There Avere in the 
Wore * ^ Banti's disease, and in 6 of these Takata-Ara reactions 

wiJshT^^'T contrast to the experience of 'Wayburn and Cheriy, 

ed that in their series of 3 cases of Banti's s.A'ndrome and 2 of splenic 
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and portal thrombosis the results of the Takata-Ara test were consistentl.r nega- 
tive. In one case of nuiitiple myelomas the Takata-Ara reaction was positive kit 
there was no retention of dye. 

Table VI 


Takata-Aea Test, Bhojisulealein Test and van ben Beegh Reaction in Peesent Serks 







1 

1 ■ VAN PEN BEEGH EEACTIO.V 

CONDITION 

CASES 

GRADE 

DIRECT 

INDIRECT 

1 

LESS 
THAN j 

2 MG. I 
period 
c.c. 1 

i 


1 

1 

1 

B 

2 

3 

1 

4 j 


TAKATA-ARA TEST NEGATIVE 


Hepatitis 1 

13 1 

4 

6 

3 , 

0 

s 

5 

MSM 

1 1 

Malignant lesion. j 
of liver j 

16 1 

1 

3 

3 

P 1 

1 j 

5 

11 

H 

2 

Cirrliosis 1 

20 

9 

7 

1 i 

3 i 

3 

17 

10 1 

1 

Other diseases | 

62* 

37 

20 

5 i 

0 1 

7 

55 i 


4 


TAKATA-AKA TEST POSITIVE 


Hepatitis 

1 5 

0 

1 1 

2 j 

2 

5 

0 

1 

i 

Malignant lesion of 

5 

2 

3 

0 , 

0 

1 . 

3 

3 


liver 

Cirrhosis 

27 

5 

6 

13 1 


17 

10 

10 

11 

1 

hut in 5 

Other diseases 

151 

1 1 

5 



4 

12 

I H 


of them a diagnosis of gout was made. , 

tin one of these no clinical diagnosis of involvement of the liver was wAae M 
bromsulfalein test gave negative results : in 4 other cases also no involvement oi me 
found. 


COMMENT 


From an examination of the literature, as well as from my own 


series of 


cases, it becomes evident that the Takata-Ara reaction has not been explained on 
any absolute basis. 

It is, therefore, an empiric test. A wide variety of explanations haic 1’^® 
offered to account for the reaction, and different explanations of its eliemka 
lihysical mechanism liave been defended. The evidence supports the cone n>'® 
that in a high percentage of positive reactions the albumin-glolmlin 
reversed and that in even a higher percentage there is some alteration m e 

On the otlier band, tW 


the relative or tlie absolute amounts of these proteins, 
role of fibrinogen, as well as that of other contents of the serum, has not 

investigated tlioroughly. Important are the obsenmtions that in an 

J. 1 _ ^ 11 • 11 T • i wllfin the 1^*'' 


Ara reaction is positive; tliis indicates that some other factor or factors 
be present to explain the phenomenon. 

It is more than evident that the test is not specific for cirrhosis of 
For the conditions the test ivas first proposed to diagnose there is no 
believe that it has any value. It is eAudent enough that a large du 

patients with cirrhosi.s will have positive reactions, and the more 
cirrhosis and the longer the disease has lasted, the more likelihood o o 
a positive reaction. Tlie degree of positiveness of the test is not me 
t)ie degree of liepatic injurj^, and it is evidently clear that fine la <lic 

divisions of readings of the test iviU only confuse the clinician. In sP^ 
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fact that a positive result o£ the test may be expected in S2 per cent of cases of 
cirrhosis, it cannot be assumed that given <1 positive reaetion such a diagnosis 
is couhrmed. This, of course, is liccauso a iiositive reaetion occurs in so many 
other conditions. Jankelson, Segal, and Aisuer reported that the Takata-Ara 
test gave about the same percentage of positive rcsnlts, namely 80, in cirrhosis 
a.s did their tyrosine test. If it were desired, however, to consider the test as a 
general test of liver function, tlic rcsnlts would be disappointing. It certainly 
will not compare favorably with either the broinsnlfalein test which, when 
properly performed,* will indicate ronglily 95 per cent of cases with hepatic 
injury, or the van den Bei'gli test. If a direct van den Bergh reaetion is used 
as a criterion of injury to the liver, it will be found to be reliable in about 80 
per cent of cases. One may expect only about 1 per cent of cases to yield a 
direct reaetion in tlic absence of clinical evidence of hepatic damage if careful 
ring tests .are performed. Indirect van den Bergh reactions will occur until the 
damage to the liver is great enough to render the organ unable to excrete the 
changed bilirubin tbrough the bile pa.ssagcs. 

The question may be roa.sonaidy asked if the Tnkata-Ara tost can be used to 
denote intrahepatio injiuy as distinguisbed from exti’ahepatie pathologic 
ehanges, with subscfiueat effects on the liver, or at least on the biliary system. 
A fair appraisal woitld suggest that the test is about as valuable as some of the 
proposed tc.sts for this puri) 0 .se. Unless obstruction has been present for a long 
time, a negative result will bo obtained. Unfortunately, unless the parenchymal 
damage is severe or moderately severe, the test also gives negative cesvtlts, and 
tills moans the test is least useful when most desired. Judiciously used as a 
diifcarcntial test between acute hepatitis with jaundice and obstruction of the 
“le ducts, the test should prove of value, although not entirely accurate. 

Investigators must not lose siglit of the fact that the Takata-Ara test may 
I® positive and often is in many kinds of diseases in wliich the liver may not be 
involved, as for example, syphilis, nephritis, pneumonia, and pulmonary tuberen- 
ostt. If jg g sub.stanco in, or a condition of, tlie serum common to the 
"idc variety of diseases which yield positive results to the test, its nature has 
™t been elucidated. 


. 's unlikely the test would ever have enjoyed such widespread discussion 
!, ™ Icehnique had not appeared to be easy. Indeed, most authors have praised 
0 simphoity of the test, as if that made up for its shortcomings. If the test 
simple, why have so many modifications arisen in fifteen years and such 
^•'ergent results been obtained by different authors? Bots listed fourteen modi- 
iwjs and, ineidentnily, recommended the one of Jezlor,*“ who wrote that it 
0 ^^' ® matter of the pai-tienlar method used but the interpretation 
kii **^**'’ tfuth of tiie matter is lliat the test, which is empiric, of im- 
i'ead'''Th ''**™'**"' colloidal in nature, is not simple cither to perform or to 
lion of ! attention to details is necessary, and even faulty prepara- 

as the I 'll*'! be a frequent source of error. The reading of such a test 

“'Id shout requires experience in a wide variety of similar procedures 

____ m not bo attempted by a novice. Even after the correct reading is 
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made, its interpretation is still a matter for the most experieiicect, for after 
fifteen years there is no agreement as to the degree of flocculation necessary or 
the number of tubes invoh'-ed to constitute a positive result. No wonder its 
true value has not been established. 

Some investigators have maintained the test was of value in prognosis, 
recording correlated shifts in the test as patients improved or became worse, 
The fact that the test often gives negative results in early cirrhosis and positire 
results in late eases at once indicates the rationale of such a suggestion. There 
is not enough information about the matter as yet to form any definite conclnsion 
about the prognostic value of the test, but from my own experience I woiiM 
expect it to follow changes in the condition of the patient rather tlian to precede 
such changes, so that although it would in a general way parallel the patient s 
condition, it could not be used often to predict the course of events in any given 
ease. Gertler and Lachenieht contended that a positive test was an important 
prognostic sign, and onec a patient has a positive test he does not often com- 
pletely recover from his malad.7. It is doubtful whether it will surpass the van 
den Bergh as a prognostic test. 

Much evidence supports tlie view that the Takata-Ara test is not very sensi- 
tive. Hence, there is no need to perform the test if the hromsulfalein test ghb 
negative results. If results of tlie dye test are positive and a Takata-Aia test 
is then performed, a positive reaction will usually indicate a severe grn ® 
parenchymatous damage, and this may help in the diagnosis. If the ® 
the test under this circumstance is negative, the chance that the patien ms 
cirrhosis is lessened and here it may render a definite service. 


SUMMARY AND CONCLUSIONS 


The Takata-Ara test is an empiric one and may give positive 


results in n 


unde variety of diseases, in particular, parenchymatous diseases of theli'0’'>P 
nionary tuberculosis, and nephritis. It is not very sensitive. 

It is not a specific test for any one disease, but it usually gives pos^ 
results in cirrhosis of the liver, especially when the disease has 
moderate severity. The reaction is frequently positive in acute liepati is 
malignant disease of the liver. 

The test is correlated to a great extent with changes in the ratio 
albumin to globulin, but the correlation is not absolute and the mec lani 
cause of the reaction remain unexplained. . 

It lias some slight value in prognosis, but its true significance m 
has not been established. It appears to have greater value in esta^ is 
general nature of an hepatic injury — ^whether it is of extrahepatic 0 
hepatic origin — although more information in this regard is needed. 

The many modifications of the technique of the test and but 

of interpreting its results not only make the perfoi’mance of it^ con us ^ 

' also cast great doubt on the oft-repeated statement that the test is a si 

If the test is to survive tliere is great need for the establishment 
procedure based on a long and varied experience with tlie test. A 
ing of the literature, however, does not suggest that it would be v or 
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made, its interpretation is still a matter for the most experienced, for aficr 
fifteen years there is no agreement as to the degree of floecuktioii necessaiyor 
the number of tubes involved to constitute a positive result. No wonder ils 
true value has not been established. 


Some investigators have maintained the test was of value in prognosis, 
recording correlated shifts in the test as patients improved or became Avorse, 
The fact that the test often gives negative results in early cirrhosis and positive 
results in late cases at once indicates the rationale of such a suggestion. There 
is not enough information about the matter as yet to form any definite conclusioi! 
about the prognostic value of the test, but from my own experience I vouW 
expect it to follow changes in the condition of the patient rather than to precede 
such changes, so that although it would in a general way parallel the patient s 
condition, it could not be used often to predict the course of events in any given 
ease. Gertler and Lachenielit contended that a positive test was an important 
prognostic sign, and once a patient has a positive test he does not often com- 
pletely recover from his malady. It is doubtful “whether it vvill surpass the van 


den Bergh as a prognostic test. 


Much evidence supports tlie view’ that the Takata-Ara test is not verj sensi 
tive. Hence, there is no need to perform the test if the hromsulfalein test gives 
negative results. If results of the dye test are positive and a Takata-> ra k 
is then performed, a positive reaction w’ill usually indicate a severe gra e 
parenchymatous damage, and this may help in the diagnosis. If 
the test under this circumstance is negative, the chance that the pa len 


cirrhosis is lessened and here it may render a definite service. 


SUMMARY AND CONCLUSIONS 

The Takata-Ara test is an empiric one and may give pul- 

wdde variety of diseases, in particular, parenchymatous diseases o i® ’ 
monary tuberculosis, and nephritis. It is not very sensitive. 

It is not a specific test for any one disease, but it usually 
results in cirrhosis of the liver, especially w’hen the disease has jj 

moderate severity. The reaction is frequently positive in acute lepa 
malignant disease of the liver. . 

The test is correlated to a great extent w’ith changes in the 
albumin to globulin, but the correlation is not absolute and t le me 


cause of the reaction remain unexplained. . geii 

It has some slight value in prognosis, but its true fh 

has not been established. It appears to have greater value in ;„jrj- 

general nature of an hepatic injury — ^whether it is of extia el^ 
hepatic origin — although more information in this regard is nee e . ^ 

The many’ modifications of the teelinique of the test and tat 

of interpreting its results not only make the performance ° | ^ simpk o"'- 

■ also east great doubt on the oft-repeated statement that the es i ^ ^ 

If the test is to survive there is great need for the estahlishmei^ g^reful 
procedure based on a long and varied e.xperience w’ith i}iee^or‘- 

ing of the literature, how’ever, does not suggest that it wou s 
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A DISCUSSION OF ELECTROPHORESIS WITH SPECIAL 
REFERENCE TO SERUM AND ALLERGENS^ 


H. A. Abramson, M.D., and D, H, Mooke, Ph.D., New York, 11.1. 


R ecent developments in the methods for the separation of proteins b; 

the moving boundary teelinique have extended the field of electroptoresi 
to so great an extent that anj’- attempt to treat the data comprehensively in i 
short article wonld be nnsatisf actor We shall, therefore, here outline biieii: 
the theoi’y of electrophoresis, its history, method, and some of its usefulness n 
studying the components of serum and of ragweed extracts. 

ELECTRICAL CHARGE OF PROTEINS 

The most striking characteristic of the electrical polarity of protein mds 
cules and protein surfaces is the fact that there are large numbers of amini 
and carboxyl radicals which act as if they were on the surface.’- These group 
that is, the COO” and NH3+ groups, serve to determine the net charge of the pro 
tein under ordinary conditions. Thus, since protein molecules carry elcctriro 
charges, they will migrate when subjected to an electrical field, the 
and velocity depending upon the sign and quantity of the net charge 
molecule is constantly taking on and giving up hydrogen ions, so ui ^ 
instantaneous charge is a small integral number ; but the statistical 
charging process allows the time average of the resultant charge to 
tional. Thus, if hundreds of ions ai’e going on and leaving a mokea ® 
second, the instantaneous net charge may be 1, 2, 3, 4, 5, 6, 01 
charges, but the statistical result may be fractional. The surface 0 
tein molecule is so large and the dissociation constants of its upc 

so close together that each protein ion acts as if it bore a fractional 
its mobility in an electrical field is observed. It is quite coriect 
example, that under given conditions an egg albumen ion may hav e a 
equivalent to 4.53 electrons. The fractional nature of the net 
large ions makes possible a wide variety of electrophoretic men 
given pH. 

ISOELECTRIC POINT OF PROTEINS ^ 

AVhenever the sum of the negative charges on a protein is zero 

to the sum of its positive charges over a time average, the ne 
and the, electrical mobility is zero. The protein or the 
isoelectric. The isoelectric point, therefore, is most tec”®’ 

rectly. At best it can be determined accurately^ onlj'^ by inteipo 
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methods for determining the isoelectric point directly are not sufficiently sensi- 
tive to show the small movement which, for example, would ho given by a net 
charge equivalent to 0.01 electron. 

: One frequently finds the expression “isoelectric range” in connection with 

\j iiroteins like insulin and casein. Although the zone of insolubility of casein 
may extend over a wide pH range, its isoelectric point, as well as that of insulin, 
j is sharp. Indeed, the rate of change of the electrical charge or of the electric 

■ mobility with pH is not accurately represented by the insolubility curve in the 
zone of the isoelectric point. It lies somewhere near the center of this curve, 

' but calculations designed to determine the isoelectric point of proteins from the 

■ zone of insolubility are difficult. The isoelectric point should be taken directly 
- from mobility-pH curves. The term “isoelectric range” and similar expressions 
•’ should he replaced by the “zone of insolubility near the isoelectric point" or 
-• similar expressions which refer to the experimental technique used to deter- 
‘ mine physical characteristics of the protein in question. 


EARLY EXPERIMENTS ON SEPARATION 

“ As long ago as 1912 Miehaelis and Davidsolm* found that the isoelectric 
point of hemoglobin under certain conditions was pH 6.8. This point was un- 
;■ ‘‘affected by the addition of 1 per cent of serum albumin to the hemoglobin solu- 
" tion; that is, each protein migrated essentially independently of the other. The 
e-*fact that proteins may exist in solution independent of one another and irro- 
;;.‘Speotive of the values of their net charge is well borne out by the behavior of 
^(’proteins in serum. Aside from these early experiments of Jliehaelis little atten- 
■ tion was given to this aspect of protein chemistry up to the work of Tiselius in 
..'.the last decade.® Speaking generally, mutual precipitation of charged colloids 
,.pis observed only when at least one of the substances is casilj’’ precipitated by 
,,|ielectrolj'tes. In harmony with tliis, Tiselius found that mixtures of proteins 
;i(0f opposite sign and of great difference in net charge were usually stable, al- 
, .^though this was not always the ease. Tiselius studied the effect of Bence-Jones 
j, /protein on phycoerythrin and found that the change in the electrical mobility 
..of the two proteins in mixtures was not marked, although their charges were of 
^ ^/Opposite sign. Using ultraviolet photography to bring out the boundary of the 
■protein in a U-tube of somewhat conventional design, Tiselius found that the 
’’^'^^ries of uniform proteins in their artificial mixtures were reasonably well 
c ned. Since these early experiments by Tiselius have been definitely super- 
^Med by his own experiments and by those of investigators -who have used his 
ec nique, they -nill not be cited in detail here. Tlic reader interested in the 
os ory of the subject should read the appended references.'*'" 

^ ® nuist not forget that the microscopic method of electrophoresis may also 
separate particles having different electrical charges.^ Thus, one of 
'Hal * distinguish between the blood cells of different ani- 

if'' cn'Vlf method of electrophoresis and has repcatcdlj' studied the purity of 
jf'^'plioro P^’<^cipitates by examining their suspensions in the microelectro- 
iTiethod insoluble impurities which have different elec- 
»iiities may be readily observed. In particular may be mentioned the 
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gradually a plunger by means o£ a elockivork into the buffer tube toward which 
the migration is progressing, or by flowing fresh buffer into the same buffer tube 
with a mechanically controlled syringe. This tends to raise the level of the 
liquid on the same side, and since the system seeks hydrostatic equilibrium, 
there is a flow through the U-tube to the other side. A modification in which 
one buffer tube is closed has been used.'“ In this ease compensation is achieved 
by forcing buffer either into or out of the clo.sed side. 

A single-sectioned tall cell suggested !«• Tiselius and used in this labora- 
tory (Columbia), schematically shorvn in Pig. 2, effectively increases the length 
of the U-tube. The components can migrate the whole length of the tube in- 
.stcad of only half of it, as in the ease of the di\-ided cell (Pigs. 1 and 4). The 
bottom section and one leg arc filled with the protein solution, while the other 
leg is filled mth buffer. The alisenec of the middle plates allows complete 
iTsibility, so that no boundaries may be obscured. This cell is used only for 
analytical purposes and not for recovering separated material. 

B 3’ 

" 



Fig, 3 — a, Three component mixture in a horizontal system : b, an electric field has acted on 
the three component mixture. 

Before di.scu.ssing the optical method adapted by Ti.selius for ob.sei*ving 
colorless boundarie.s, the electrophoresis of a three-component mixture will be 
considered. In Fig. 3« let the three horizontal lines he a mixture of proteins 
a horizontal sy.stem (for simplicity), foi-ming boundaries tnth the buffer 
solution at points marked B and B'. Let protein p have an electrical mobility 
of one imit, protein p', two units, and p", three units. Let a uniform electric 
held be applied. After a given period the components will he moved to a posi- 
tion shoi\Ti in Fig. It is evident that by making a segregation at y and at 
' ^ portion of p and of p" can be obtained in pure form. It is observed, how- 
O'cr, that at different points in the sj*stcm there %vill he mixtures of p and p', 
V, p , and p", and p' and p", and that cannot be obtained in pure form at 
^ ■ If one starts Mith the three constituents in a U-tube instead of a horizontal 
e, the same phenomena occur. In Fig. 4, a shows the protein solution before 
^igration has begun; 6, after the components have begun to migrate; and c, 
3 er compensation has pushed the boundaries to the ideal position for sepa- 
pure p and pure p". 

^’isualization of colorless boundaries was accomplished in tlie follow- 
o : Advantage was taken of the fact that wherever there are differences 
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of concentration of protein in solutions there will be 'a refraction gradient, be- 
cause the greater the concentration of protein the smaller the velocity of licM. 
Deflection of light passing through these zones of refraction gradients may be 
detected by an adaptation of an old method of observing defects in telescope 
lenses. A boundary with sufficient protein acts as if it were a defect in the 
lens sj^stem, and these defects may he photographed and the position of the 
boundary maj^ thus be marked. In addition, by suitable optical equipment, the 
concentrations of the materials foi*ming the boundary may he obtained. 









Fig. 4. — a, The protein solution before migration lias begun : h, 
have begun to migrate ; c, after compensation has pushed the boundaries to me 
for separating pure p and pure p." 
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opaque, exploring diaphragm. 
For explanation see text. 


-Diagram illustrating method of detecting defective j.'lnS'the^devist^'^ 

ing dianhrniTTn. In practice the exploring diaphragm inter y 
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The optical basis of the scldieren or streak method is 

T T 11 Tf 3s 

detail in many places and suitable references are appenaea. ^ 
upon a method of Foucault,^ who devised an accurate techniq^^t^ o 


*This metliod was originally used by Foucault to test telescope 








ABRAMSON- JIOOEE : ELECTROPHORESIS 


179 


for chromatic and spherical aberration. Foucault emploj’ed light from a dis- 
tant source which he brought to a focus bj’’ the lens to be tested (Pig. 5). A 
diaphragm is placed so that it just covers the image formed at f, the focal point 
of the lens. An observer looldng through a telescope behind the diaphragm and 
focusing on the lens observes onls’’ the raj-s which fail to converge to a single 
point at f. These rays which do not strike the diaphragm come from defective 
portions of the lens and their position is imaged in the telescope. Tliis pro- 
cedure was reversed by Toepler who by intercepting the der-iated rays made the 
defective portion of the lens appear dark in the telescope. The present method 
used for detecting concentration gradients in the electrophoresis cell is an adap- 
tation by Tiselius of the Toepler method. If the lens is replaced by the protein 
solution, the protein gradients at the boundaries appear as defects, giiing dark 
hands where the boundaries occur. Of course, there must be a converging lens 
(sehlieren) just behind the cell containing the solution to bring the rays to a 
focal point. The w.^lls of the cell, the converging lens, and teIe.seope lens 
must be without defects in order to have true representation of the boundaries. 

APPLIC.mON TO SERUM PROTEIN 

The history of the analysis of senim contains numerous attempts to frac- 
tionate serum into constituent proteins ever since serum albumin was crystal- 
lized by 6uerher.“ Although scrum could be separated into several fractions 
which had different solubilities, these fractions did not fulfill the criteria re- 
quired to establish them as chemical individuals. Thus Sdrenson conceived of 
serum as a system composed of reversibly dissociable components. Indeed, it 
was felt that many fractions isolated from scnim may have been the results of 
the treatment of the serum during their isolation. Recently Block'* came to 
the conclusion that “senun does not contain several independent proteins. 
The fractions isolated by physical chemical methods are not pre-existent in 
scram but result from tlie technique employed.” Although the ultracentrifuge 
(Svedberg and others) gave much valuable information regarding the nature 
of scrum and its proteins in normal and pathologic conditions, it remained for 
Tiselius to provide a simple means of attack capable of removing the fractions 
of serom protein after their separation. It was found, using the method of 
Tiselius, that serum placed in an electric field without preliminar 3 ' salt pre- 
cipitation separates into zones of different electrical mobilities. These com- 
ponents could he isolated and were homogeneous in behavior. In Fig. 6 semm 
albumin is observed to have the greatest electrical mohilitj', and instead of two 
globulins as were commonh' supposed to exist in serum, tliree globulins are 
found. These are called alpha, beta, and gamma globulin in the order of their 
electrical mobilities. Similar patterns are observed in horse, human, rabbit, and 
other sera. In order to get the most clear-cut results, the experiments are per- 
formed with scrum diluted approximate!}' three times. Once isolated hj' elec- 
trophoresis, the separate constituents of serum exhibit electrical mobilities which 
are cssentialh- the same as those found in the serum itself. This is important 
C'ldcnce that the individual constituents are present in the serum and does not 
support the theory that serum is a continuous mixture. 
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NORMAL AND PATHOLOGIC SERUM 

A comparison of the protein composition of normal and pathologic sera 
has been made by Longsworth, Shedlovsky, and Macinnes, as well as hy otliere 
using the technique of Longsworth.^^ In Fig. 6 are shown their electrophoretic 
diagrams of normal serum and sera of patients with pneumonia, peritonitis, 
rheumatic fever, peritonsillar abscess, and acute lymphatic leucemia. It ivill 
lie noticed that all of these diseases exhibit an increase in globulin as deter- 
mined by the areas under the curves representing the different proteins. 




Fig. G. — Longsworth diagrams showing the various constituents ot .^rth, 
diseases. These diagrams are copies of similar illustrations publisneci d> 
lovsky, and Macinnes. 

ELECTROPHORESIS OF ANTIBODIES IN ALLERGY 

‘intihndi^ 

Newell, Sterling, Oxman, Burden, and Krejci'^ have separa 
from allergic serum by the method of electrophoresis. Euglolnihn ],y 

globulin prepared by the older methods are mixtures of globnhns is 
electrophoresis. Euglohuliii is essentially the beta and gamma f ° Jencw'' 
psendoglohulin consists of alpha and gamma globulin. Antibodies, 
have been found particularly in the psendoglohulin fraction of ic 
responding to the alpha and gamma fractions. This was i,ovc- 

for the skin-sensitizing antiliody by' Sherrer’® and by Stull, G i liop'- 

less^' by' fractional precipitation of pseudoglobulin. Newell an co 
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Iheir serum as concentrated as possible and dialyzed for two days against 
physiologic saline containing 0.02 phosphate for huft'er. The pH was about 
8.1. By collecting and analyzing the separated gamma and beta globulin, it 
was found that the skin-sensitizing antibody was in the gamma globulin frac- 
tion of senim. To check these results .serum fractions were examined, using 
similar techniques for antitoxin against staphylococcus hemolysin. In eight 
experiments the antitoxin was found only in those fractions which contained 
gamma globulin. The distribution, therefore, was the same as for the skin- 
sensitizing antibody. 

Sera from three rabbits which had been sensitized by Newell and others 
with alum-precipitated ragweed extracts were cooled and tested for the pre- 
cipitin reaction with concentrated ragweed solution. The supernatant liquid, 
following precipitation, was separated in the Tiselius apparatus, and the upper 
positive and upper negative fractions were tested against ragiveed dilutions. 
Tests showed that the gamma fraction contained an antibody to ragweed, whereas 
the upper positive arm contained the faster moving albumin, alpha and beta 
globulins which were inactive. In rabbits, therefore, it was concluded that the 
antibody for ragweed is in the same protein fraction as that found by others 
for anti-egg albumen antibodies, 

ELECTROPHORESIS OP ALLERGENS 

Extracts of pollen allergens are colored solutions containing pigment and 
biologically active factors, the nature of which has not as yet been accurately 
determined because monodisper.se systems have not been isolated ; that is, there 
is no evidence that the single chemical .substances responsible for hay fever have 
been isolated as yet by chemical methods. By electrophoresis, however, it is 
possible to come closer to a solution of the problem. Early experiments to 
determine the electrical nature of the active constituents of ragweed extract 
were published some time ago. It was found that the isoelectric point of 
(luartz particles treated with freshly dialyzed ragweed solution was at pH 3.9, 
with this point shifting to pH 4.3 as the solution stood. At the same time 
experiments were begun using the conventional moving boundary method to 
study the electrical charge of the pigment, and to Isolate, if possible, the bio- 
logically active constituent. “With the development of the Tiselius technique 
the new method lent itself admirably to the separation problem. In Fig. 7, n 
is a diagram obtained by the Tiselius method and the Longsworth scanning 
technique. The US (unpigmented, slow) peak'” is a colorless constituent which 
is highly skin reactive. Note in Fig. Ih that minor pigmented fractions are 
present which migrate with velocities faster than the dominant US fraction. 
The US fraction is highly skin reactive and in certain experiments on skin re- 
active individuals a solution containing 0.0003 mg. of protein nitrogen per 
cubic centimeter gave a positive .scratch test. Recent unpublished experiments 
(Big. 7) with H. Gettncr have disclosed that even better fractionation may be 
obtained using undialyzed extract. Wc wish to report here in a preliminary 
"ay on these experiments. Longsworth patterns obtained with the Tiselius 
technique of undialyzed giant ragweed extract indicate tliat tlie colorless con- 
stituent previously reported is a dominant probably monodispersc material. 
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The isoelectric point of this material, as well as the inohility, apparently van 
with pH very much the same way that the ragweed covered quartz parfie’lcs dij 
in the earlier experiment. These data will be reported elsewhere. 

The electrophoretic analysis of the pollen extract opens an interesting field 
for research. It is desirable that the grass pollens be investigated as soon as 
possible to ascertain whether the immunologic specificity which overlaps among 
the grasses also is manifested in the chemical behavior of the biologically active 
constituent separated by the electrophoretic method. 



a b 

Fig. 7. — a, Blectroplioretic pattern obtained with undialyzed ragweed extract 
constituent is an unpigmented, slow moving (US) fraction which is also observed m u' 
extracts. The gradation in shading depends upon the presence of Piff™®nts. Note u - 
of pigment where the US fraction is being left behind by the pigments which miSKi 
quickly. .j, 

b. Another sample of undialyzed ragweed extract after one hour and ra"‘ 

Electrophoretic pattern to illustrate presence of four pigments in a sample ot 
weed extract. The US fraction is the major component on the extreme left. I' 
ponents, faster moving pigments, are found at tlie lower part of the pattern, m t 
pigments may be observed. 


The fractionation of ragweed poUen lends itself to further study of 
antibody reaction in atopic sera; that is, it would be of interest to imestic^i^ 
in detail the reaction of the US fraction, as well as the pigment fractions, 
allergic sera to see whether the results obtained by Newell and 
crude ragweed extract may be confirmed. It is conceivable that the pi^ 
of pigments inhibits or alters an allergen-reagin reaction. „eindi- 

Preliminary data obtained with the US fraction in the idtracentn Ud 
cate that its molecular weight is low, probably less than 10,000. 


SUMMARY 


The nature of the charging process of protein molecules leads to 
values of the net charge. The large number of differences in the la 
net charge makes the electrophoretic technique desirable for 
ration of proteins from one another. This procedure has been apph'*^^' 

by the development of the Tiselius moving boundary technique. 
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tion of the Tiselius teclmique to a study of the components of sera, to the prop- 
erties of allergic antibodies, and to the- fractionation of ragweed pollen extract 
is briefly outlined. 
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RECENT PROCEDURES APPLICABLE TO PROBLEMS 
IN LIPID METABOLISM 


II. C. Eckstein, M.S., Ph.D., Ann Arbor, Mich. 


D uring the existence of this Journal abundant evidence for the fact tliat 
progress in clinical investigations often follows advancement in analytical 
procedure has been presented. It seems fitting, therefore, in contributing to 
this, the Silver Anniversary Number, to call attention to some of the newer 
methods of attack applicable to studies in lipid metabolism. 

The early issues of this Journal contain accounts of the current methods 
for lipid analysis. While considerable information was obtained as a result of 
the use of these procedures, the knowledge gained was nevertheless incomplete 
because of the shortcomings of the particular methods employed. The irapm- 
tance of the phospholipids in fatty acid transport was demonstrated, and while 
it was suspected that one of these, lecithin, probably played a more important 
role than the others, such a conclusion w’as not warranted because at that tmie 
the available method was limited to the determination of the total phospholipids 
only. Nevertheless, it was usually stated that lecithin, was the vehicle most 
intimately concerned in this transport. In addition to this, no method was 
available for the direct determination of the small amounts of neutral fat o 
the blood, nor was it possible to ascertain the nature of the acids combined mt ' 
neutral fat or cholesterol. Recent advances have been made which should assis 
in the clarification of these problems. 

Three methods have recently been described whereby a very satisfaetorj 
fractionation of the phospholipids of the blood can be accomplished. 
methods are of such a nature that it is not necessary to employ a highly 
chemist for their use, since wdth some ]iractice they should be handled 
■well-trained laboratory technician. The methods are similar in that ju 
case a quantitative determination of choline is made. Lecithin and spmv^ 
my'elin contain approximately' equal amounts of this base, whereas none is P^^ ^ 
ent in cephalin. Thus b,v determining total phospholipids and .• 

cephalin content can be, calculated. Williams and co-workers,^ as well as ^ 
rely on the insolubility of sphingomyelin in moist ether for its deteinu”'^^.^ 
whereas Thannhauser and othei-s^* precipitate the compound with Keinec le < 
These are distinct advantages over the older procedures which dependec 
upon fractionation Avith various fat soNents. On the Avhole, the 
procedure seems to be the most desirable of the three because of the 
mination of the sphingomymlin, but it requires as much as 60 c.c. of P 
cells. A micromethod, based to some extgnt on the Thannhauser 
been developed in the Research Laboratory of the Children ’s Fund o - _ ^ ^ ^ 


This procedure should be in press in the near future and should be a a jjjc 

tribution, inasmuch as only 3 c.c. of plasma are required. Thann a 
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reported that the sphingomyelin content of normal human serum comprises 
about 10 per cent of the total phospholipids, rvliile cephalin® and lecithin are 
present in approximately equal amounts (45 per cent). Data on pathologic 
blood specimens have as yet not been reported, but the method has been success- 
fully applied to normal human organs.* As Thannhauser points out, “It tvill 
be of interest to observe whether the values for the various phospholipids vary 
in their proportion in organs under pathological conditions, especially in so- 
called fatty degeneration.” Very recently Artom and Preeman,^ using a pro- 
cedure consisting of a combination of the Kirk and Thannhauser methods, 
determined the individual phospholijnds in the plasma of rabbits after a fattj’ 
meal and observed that a definite increase in the total phospholipids was only 
occasionally observed. AVhen this took place, higher values for lecithin were 
generally in evidence, but lower eephalin values were usuall.v encountered when 
the fat was fed. These data indicate that lecithin was the onl.v phospholipid 
concerned rvith the transportation of the fatt.v acids. The old view that this 
was the case now rests on a more secure foundation. 

In the past the blood phospholipids had been assigned another important 
role. In 1919 lloigs, Blathorwick, and Gary** proposed that these lipids were 
the precursors of the fat of milk. At that time this appeared to be an attractive 
theory, but reinvestigations of the problem by others' threw much doubt upon the 
proposal. Recently the application of a newly developed method for neutral 
fat, originated by Voris, Ellis, and Maynard' has offered support to an altomatc 
and more tenable view. Blood was taken from the subcutaneous abdominal 
vein and iliac artery of the laetating cow and analyzed for neutral fat. The 
results obtained indieate that a removal of neutral fat takes place during the 
circulation of blood through the active mammary gland, This fraction of the 
blood lipids thus eoutributes to the formation of milk fat. The gland itself 
must, however, also contribute to this phenomenon, since the simple removal 
of neutral fat from the blood stream cannot account for the peculiar composi- 
tion of milk fat, particularly with re.spect to the presence of appreciable amounts 
of fatty acids of low molecular weight. As is the ease with the other procedures 
discussed, the method has only been applied to a small extent, but it should 
prove to be very useful in the future. 

Another recent procedure which should have great possibilities is one de- 
' '*.v Kelsey” for determining the fatty acids in the different blood lipid 

lactions. The phospholipids are removed b.v precipitation with acetone, and 
icsKlual lipids are digested with a lipase obtained either from pancreas that had 
picviously been treated with ammonia in order to destroy the cholesterol ester- 
ase, or from the castor bean. Under such conditions only the neutral fat is 
split and the fatty acids thereby liberated can be isolated. Those acids com- 
uned with cholesterol can be freed by saponification. Few applications have 
as yet been made of the procedure, and some trouble has been encountered in 
ds application to the blood. This difficulty will probably be overcome. The 
utuic should bring valuable information from the use of the method, thus 
mci casing our knowledge of the types of fatty acids tran.sportcd by the different 
eonstituents of the blood lipids under normal and abnormal conditions. 
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Some of the most valuable data on lipid metabolism have recently been 
obtained as the result of the use of isotopes or radioactive elements for labeling 
substances synthesized or formed in the normal living organism. Outstanding 
in the use of deuterium, the isotope of hydrogen, are the investigations of 
Sehoenheimer and his associates, whose work has recently been revicived.” 
These investigators have clearlj'- demonstrated that a continuous sjmtbesis of 
cholesterol and fatty acids takes place in the animal organism. In following the 
fate of various labeled fatty acids, 'it was demonstrated that those of low molec- 
ular weight disappeared almost explosively, whereas those of high molecular 
weight were, to some extent at least, deposited in the tissues. These observations 
are in accordance with those obtained by others who had fed the natnxalh 
occurring fatty acids. In addition to this it was observed that a conversion 
of saturated to unsaturated acids, and vice versa, also took place in the normal 
intact animal. Palmitic acid was reported as being transformed into homo- 
logues of higher and lower molecular weight, as well as into derivatives con- 
taining one double bond. Although a synthesis of oleic was clearly demon- 
strated, no indication that linoleie acid, Burr’s essential fatty acid, couidbe 
formed de novo was achieved. Cetyl alcohol, a constituent of normal feces, was 
also found to be synthesized in vivo and was proved to arise from palmitic acid. 
When this alcoliol was labeled with heavy hydrogen and fed to rats, deutero- 
palmitic acid, as well as deutero-stearic acid, was isolated. This alcohol was 
thus assigned the role of an intermediate between these two acids, and it was 
suggested that otlier fatty acids might be formed similarly from other alcoho . 
While many transformations referred to above have been suggested by t ^ 
work of others, Sehoenheimer ’s data are probably the first clear-cut demonstra- 
tion of their occurrence in the normal intact animal organism. 


The phospholipids have not been overlooked by those interested in this new 
method of investigation. This phase of the question has been reviewed smera 
times by Hevesy, his latest contribution appearing in the Amxwl^ fj 
Biocheimsfry of 1940.^^ Chaikoff and his co-workers at the University o 
fornia have studied the phospholipid metabolism of different tissues o 
white rat and have observed that a formation of new phospholipids takes p a^^ 
almost continuously in all the tissues investigated.^^’ The activities o 
tissues as far as this phospholipid turnover is concerned were 
following order: liver and small intestine, very active; kidney, ™ 
active; stomach and large intestine, slightly active; and 
sluggish. In many respects these results are in accordance with t le c 
tions of Sinclair^’' who employed elaidic acid as a tool for following rpit w^^^^ 
olism. Chaikofff® has also demonsti’ated that the turnover in the 


pendent of the one taking place in the gastrointestinal tract, since i 
even wlien that whole tract is removed. This emphasizes anew the 
of the liver in fat metabolism. These same -workers have also ohseire 
turnover in the liver can be accelerated by* the administration of c o 


, P ,i,p fnct 

Such data offer an explanation ot ,$ jjje 


depressed by cholesterol.^' 

whereas fatty livers can be produced by feeding diets rich in 


has iikr- 


administration of choline*® prevents the accumulation of fat. gjjppit 


wise 


been found to exert a lipotropic action,®® and like choline it has 
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to stimulate the turnover of phospholipids in the liver.-' In their most recent 
work the California investigators*- report that the amino acid methionine has 
a similar effect on the hepatic phospholipids. This was to he anticipated in the 
light of the demonstration** that this amino acid, like choline, prevents the 
formation of fatty livers of rats on low protein-high fat diets. In contrast to 
this, cystine, the other naturally occurring sulfur-containing amino acid, actually 
causes an increase in liver fat.** It was indeed surprising to find in this latest 
report by Chaikoff that cystine, like methionine, also stimulates the phospho- 
lipid turnover in the liver. This observation makes it difficult to explain the 
opposite effects on the total liver lipid contents that have been almost regularly 
observed when these acids were employed separately as supplements to low 
protein-high fat diets. It would he of interest to determine what influence 
Dragstedt’s "lipocaic” would liavc upon this turnover. According to Drag- 
stedt,** the action of lipocaic on fatty livers is different from that of choline, 
and if this is the ease, perhaps some additional information can be obtained by 
the use of radioactive phosphorus. To date, Chaikoff and his co-workers have 
not fractionated the phospliolipids, and it is impossible to state which of these 
were labilized as a result of the administration of choline and allied substances. 
In the light of the work of Chargaff,*" however, it is probable that the lecithin 
fraction is the more labile one. Chaikoff and his aides*' have determined the 
total pho.spholipid turnover of four different tumors transplanted into mice and 
report that the speed of this reaction resembles that of the more active tissues 
as the liver and kidney rather than that of the more stable muscles and brain. 

In concluding this discussion it is fitting to call attention to the excellent 
work on the blood lipids that is being done in the Research Laboratory of the 
Children’s Fund of Michigan. This group has not been content merely to de- 
termine the distribution of the lii>ids in the plasma and erythrocj-tes but has 
investigated the platelets and developed a method for the preparation of the 
stroma suitable for subsequent analysis.*’ Detailed studies, including total 
lipids, individual phospholipids, cholesterol, cholesterol esters, and neutral fat, 
have been made of the bloods of different species. A close relationship between 
size of cell and lipid content was shown to exist, the big avian cells containing 
large amounts of total lipids, the little sliccp cells small amounts, with the human 
erythrocytes intermediate witli regard to size and lipid content.*’ Almost aU 
the lipids in the corpuscles of mammalia were found to be segregated in the 
stroma, indicating that these lipids arc not concerned with the transport of 
fatty acids, but play a stnictural role in the makeup of the red blood cell.*’ 
Cephalin, which is not generally believed to be as intimately- connected with 
liin’d metabolism as is lecithin, was found to be the predominating lipid (45 
per cent). The total lipid content, as well as the distribution of the individual 
l>hospholi])ids of the platelets, was found to bo essentially like that of the 
sfioma, tlie phospholipids comprising approximately 75 per cent and primarily 
>n the form of cephalin,^® Tliis lipid has been assigned a role in tlio phenomenon 
0 )lood coagulation, and for this reason platelets obtained from a number of 
icmophiliacs were examined. Although a delay in disinlcgi’ation time was 
c earlj demonstrated, no deficiency in cephalin content was observed."® Thus the 
icmophiliac is abundantly supplied with cephalin; this raises the question as to 
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the delayed clotting time. Is the difference due perhaps to a variability of tlie 
constituent fatty acids in the cephalin molecules of the hemophiliacs? Unfor- 
tunately, micromethods applicable for determining the chemical nature of tbe 
fatty acids present in the small amounts of lipids obtainable from tbe platelets 
are as yet not available to answer this question. There is a definite need for 
such a procedure. Platelets obtained during menstruation, as well as those 
from one case of congenital thrombopenie purpura, were likewise found to he 
normal so far as lipid content and distribution are concerned.®^ 
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CLINICAL STUDIES OP THE ORGANIC ACID-SOLUBLE PHOSPHOKUS 
OP RED BLOOD CELLS IN DIPPERENT AOIDOTIC STATES* 

George AI. Guest, AI.D., and S. Rapoport, AI.D., Ph.D. 
Cincinnati, Ohio 


'P XCESSIVE phosphaturia in diabetes was noted and extensively studied 
around 1900 bj’^ von Noorden, Alandel and Lusk, and othersl In IMi 
Pitz, Alsberg, and Henderson- found that hydrochloric acid given to rabbits 
by stomach tube led to greatly increased excretion of phosphates in the nrino. 
These and other inv^estigations of that period led to an understanding of the 
role of the urinary phosphates as buffer substances, and of the important mech- 
anism by which the secretion of phosphates serves to conserve the base stores 
of the body in acidosis.^ Por many years thereafter, however, little was learned 
concerning the physiologic adjustments which could permit or effect such changc-s 
in the urinary phosphate excretion. 

In 1924 Haldane and his co-workers* found that a reduced concentration 
of organic acid-soluble phosphorus in the blood ceUs was associated with 
losses of phosphorus in the urine during ammonium chloride acidosis. The) 
pointed out then that some of the bad effects of prolonged acidosis might be 
due to the depletion of the phosphorus reserves of the body. In 1^27 Byro® 
found a great reduction in the concentration of the organic acid-soluble ph^ 
phorus (ester P) in the blood cells during severe diabetic acidosis. 
Rapoport® identified as diphosphoglyceric acid the fraction of the organic 
soluble phosphorus in the blood cells that decreased during ammonium chlon f 
acidosis; and later the diphosphoglycerate fraction in the blood cells was 
to be similarly decreased in diabetic acidosis.'^ Diphosphoglycerate in the ™ 
appears, therefore, to be one source of the increased amount of phosphoius 


creted in the urine in these tw'o types of acidosis. 

Contrasted wdth the phenomenon of increased phosphaturia in 
of acidosis, the excretion of phosphates iu the urine was long ImovTi to e 
ished in conditions with impaired renal function. In such conditions, an iP 
of inorganic phosphorus in the blood was accorded considerable 
prognostic importance as a sign of failure of renal function. Marriott an 
land® in 1916 stressed the importance of the retention of inorganic phosp 
a factor in the production of nephritic acidosis. While the jjjtP 

factor was debated bj- many investigators during the succeeding ^ pie 
attention was paid to the organic acid-soluble phosphorus compoun s 
blood cells. In 1927 Bj-rom and Kay^® found an increased iu 

ester jihosphorus in the blood cells of patients wath severe uni 

1934 Ashlej’ and Guest*® foiuid similar changes in the blood celE of ra > 

. 

»From the Children’s Hospital Research Foundation and tlie Departmen 
College of Xledicine, University of Cincinnati. 
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dogs following the suppression of renal function by bilateral ureteral ligation, 
mercuric chloride poisoning, and diphtheria intoxication. Later, the increases 
of organic aeid-soluhle phosphorus in the blood cells under such conditions were 
accounted for in the diphosphoglyoerate fraction.^’ 

Diphosphoglycerate normally makes up about half of the organic acid- 
soluble phosphorus of human blood. In a number of conditions, however, its 
concentration in the blood’ cells has been found to vary between wide limits ; 
increased, after pyloric obstruction, following overdosage with irradiated ergos- 
terol, and in nephrotis; decreased, in experimental rickets and in certain aei- 
dotio states. In such conditions, the changes in the blood cells probably reflect 
to a high degree the related and interdependent chemical changes which occur 
concomitantly in other body tissues. Thus, the concentrations of the acid- 
soluhlc phosphorus compounds in the blood, and the speed and direction of the 
reactions by which they arc sjuithcsized and decomposed, may constitute valu- 
able indices of the state of tlie phosphonis stores and phosphorus metabolism 
of the whole body. 

The data presented hero demonstrate changes in the blood which have 
been found in aoidotic states due to four different causes: the ingestion of 
ammonium chloride, diabetes mellitus, gastroenteritis in infants, and severe 
nephritis. The discussion that follows is designed to call attention to various 
factors which may influence such changes, and to emphasize their significance 
in the chemical pathology of these conditions. 


METHODS 

The methods used in these investigations are described elsewhere,’’ except 
for minor modifications. 

In Tables I to IV, data on the phosphorus distribution in different types 
of blood are correlated with values, determined in the same samples, for the 
carbon dioxide content of serum, chloride concentrations in serum and cells, 
and serum pH. Chabanier and Levy and co-workers’®"’® have emphasized the 
value of the ratio between concentrations of chloride in cells and serum (CL ;Cls) 
as a measure of acidosis in clinical diagnosis. AVhile this ratio is primarily de- 
pendent upon the pH of the blood, it appears to have additional importance in 
relation to changes of the organic acid-soluble phosphorus in the blood ceUs. 


AMMONIUM CHLORIDE ACIDOSIS 


Data in Table I illustrate changes found in the blood of one of us (S. R.) 
after the ingestion of 25 Gm. of ammonium chloride by mouth, in divided 
doses, on two successive days and 12 Gm. the third day. During three days 
of development of acidosis, the excretion of phosphorus in the urine was greatly 
increased, as has been observed repeatedly in this type of experiment by other 
investigators. Data in the two columns of Table I represent the findings on 
blood samples drawn before the experiment and at the end of the third day. In 
the latter sample, concentration of the blood is shown by the increased volume 
and number of red blood cells, and by the increased scrum protein. The serum 
pH fell from 7.37 to 7.06. The carbon dioxide content of the blood decreased 
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more in tlie serum than in the cells; and the concentration of chloride incrciLswl 
more in the cells than in the serum. The inorganic phosphorus in the whole 
blood decreased slightly. The concentration of organic acid-soluble phosphorns 
in the cells decreased markedly, and this decrease was practically all accounted 
for by a nearly equal decrease in the diphosphoglycerate. 

This experiment has. been reported elsewhere, with a chart illustrating; 
intermediate changes found in blood samples drawn, during the development of 
acidosis and during recovery."* 

Table I 

Ammonium Ciilokide Acidosis 


Data on the Blood of S. E., Before and After Taking 62 Gm. of Ajimonidji Chlobim bi 
Mouth in Divided Doses During Three Successive Days 



BEFORE 

1 after 

Volume of cells in whole blood (%) 

42.9 

aO.f) 

Red cell count (millions per e. mm.) 

4.99 

5.S7 

Hb in whole blood (Gm. per 100 c.c.) 

14.7 

IS.O 

Protein, serum (Gm. per 100 c.c.) 

6.6 

8.9 

pH of serum 

7.37 

7.0G 

CO, content, serum (meq. per 1) 

2S.2 

15.S 

CO, content, cells (meq. per 1) 

Cl, serum (meq. per 1) 

18.8 

15, S 

103.0 

109.2 

Cl, cells (meq. per 1) 

50.6 

Ofl.9 

Ratio Clc'.Ch 

0.49 

O.Cl 

Phosphorus (mg. per 100 c.c.) 

Inorganic P, serum 

Organic acid-soluble P, cells 

4.2 

3.5 

32.5 

47.9 

Diphosphogl.ycerate P, cells 

28.4 

16.0 _ 


Table II 

Diabetic Acidosis 

Data on Blood Samples From Two Patients, E. W. and P. H., Drawn During Com.v 

After Eecovery 



E. 

■vv. 

X . 

4 WVS 
lwee 
JTo 


PUKING 

COMA 

t 7 DAYS 

1 later 

during 

COMA 

Volume of cells in whole blood (%) 

48.2 

29.7 

473 

4.37 

12.6 

6.S7 

3.45 

Red cell count (millions per c. mm.) 

5.50 

3.55 

9.S 

Hb in whole blood (Gm. per 100 c.c.) 

13.7 

8.7 

7.42 

pH of serum 

6.84 

7.42 

24.3 

CO, content, serum (meq. per 1) 

Cl, serum (meq. per 1) 

3.8 

22.3 

5.7 

55.5 

66.6 

0.75 

10.5 

31.5 

7.1 

loc.n 

107.1 

100.3 

51.2 

Cl, cells (meq. per 1) 

80.3 

56.5 

0.45 

Ratio Cb'.Cl, 

Phosphorus (mg. per 100 c.c.) 

0.75 

0.56 

o; 

Inorganic P, whole blood 

4.3 

0.1 

o'J 

Organic acid-soluble P, cells 
Diphosphoglycerate P, cells 

00.3 
< 3.0 

60.0 

36.4 

^ 29.3 


DIABETIC ACIDOSIS ^ 

Examples of data on blood samples drawn from two adults 

coma, and after recovery', are presented in Table II. These ^ ^ Peen k' 

on the medical service of the Cincinnati General Hospital. o 
coma several hours before they were brought to the hospita , y 
blood samples were drawn. The first patient, E. W., is the su tief* 


♦Chart 5. 
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in another paper,** a chart -which shows graphically the progressive changes 
which were found in the blood samples drawn from this patient at intervals 
during the recovery period. From a series of similar patients thus far studied, 
these two are selected for presentation here because of striking differences in 
concentration of chloride in the blood serum in the two initial blood samples. 

In the first samples of blood drawn from both patients, a severe degree 
of acidosis was indicated by the extraordinarily low values for pTI and carbon 
dioxide content of the serum, and with these changes the concentration of or- 
ganic acid-soluble phosphorus and diphosphoglycerate in the cells was very low. 
'While the concentration of chloride in the serum was relatively high in the 
serum of one (E. "W.), and low in the scrum of the other (P. H.), the concen- 
tration of chloride in the cells of both was increased, and the ratios ClerCb 
were vciy high. The high inorganic phosphorus in the first sample of blood of 
P. H. can be ascribed to severe dehydration and beginning failure of renal 
function. After recovery all values returned to within normal limits. The 
recovery of a normal chemical structure of the blood varies in individual cases, 
however, and does not necessarily parallel symptomatic recovery. 

Table III 


Acidosis Due to Gasthoexteritis in* Three Intakts 



D. C. 

(AGE, 1 MO.) 

J. B. ' 

(AGE, 2 MO.) 

w. s. 

(ace, 7 MO.) 

Volume of cells in whole blood (%) 

44.1 

35.0 1 

48.5 

Red cell count (millions per c. mm.) 

4.29 

3.30 

6.2 

HI) in ^Yhole blood (Gm. per 100 c.c.) 

Urea N (mg. per 100 c.c.) 

14.8 

10.6 

lO..! 

73.0 

CO, content, serum (mcq. per 1) 

Cl, serum (meq. per 1) 

S..'! 

4.9 

10.8 

114.0 

119.0 

114.0 

Cl, colls (meq. per 1) 

101.1 

90.7 


Ratio ClctCl, 

riiosphorus (mg. per 100 c.c.) 

0.89 

0.7C 


Inorganic P, whole blood 

o.n 

7.8 

2.8 

Organic acid-soluble P, cells 

.'10.8 

28.2 

25.5 


ACIDOSIS OF GASTROENTERITIS IN' INFANTS 

In Table III arc listed data on blood samples from three infants, 1, 2, and 
T months of age, respectively, suffering from acute profuse diarrhea, dehydra- 
tion, and severe acidosis. In a series of cases of gastroenteritis thus far studied, 
the blood changes illustrated here arc typical of the state of acidosis that de- 
velops in infants when severe diarrhea i.s attended by little or no vomiting, 
pthcr types of change arc found, Iiowcvcr, when excessive vomiting, renal 
impairment, and other factors play variable roles in the disturbance; these will 
ho treated more fully in later communications. 

In each case the carbon dioxide content of the serum and the concentration 
of organic aeid-solublc pho.sphorus in the cells was very low. The concentra- 
tion of ehloride was increased in lioth scrum and cells, and the ratio ClcrCb 
"as very high, indicating a very low pll. More complete analyses were not 
made b ecause of the limitations imiioscd by the small blood samples available. 

•Chart 7. 
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oae mvcBtiga ors have demmstrated, however, that the state of add.*i„ 

i^ th H ? diaracteriaed by a low concentration of total 

m the Hood sermn. nc., a base deficit dne to losses of base in diarrheal "*5 

Table IV 
Nephritis 

Examples of Data on Blood Samples From Patients With Vapittw nw » r, 

InpAmnEK-T aa-o ,n D™sar c™o™™c ,S“s ' " ““ 


Total cells in whole blood (%) 

Red cell count (millions per c. mm.) 
Hb in whole blood (Gm. per 100 c.e.) 
Protein, serum (Gm. per 100 c.c.) 
Aonprotein N (mg. per 100 c.c.) 
pH, serum 

CO, content, serum (meq. per 1) 

Cl, serum (meq. per 1) 

Cl, cells (meq. per 1) 

Batio CloiCls 

Calcium, serum (mg. per 1) 
Ihosphorus (mg. per 100 c.e.) 
Inorganic P, whole blood 



e P, cells 
P, cells 


55.0 

14.0 
103.2 

49.6 

0.48 


9.1 

79.1 


200.0 

15.8 

84.5 

35.8 
0.42 
2.6 

13.5 

79.4 

60.4 


76.0 

3.2 
105.3 

79.4 
0.75 

8.2 

9.4 
35.6 

11.0 


7.4 

59.0 


NEPHRITIS 

Data in Table IV permit comparisons of different patterns of blood changes 
^ un^ in onr patients suffering witli severe impairment of renal function of 
1 aiyin uration and severity. The data indicating anemia, loiv carbon diosMe 
n en , an ^ high concentrations of nonprotein nitrogen and of inorganic 
P osphorus in the blood are characteristic of nephritic acidosis. However, tlie 
Vrations of oiganie acid-soluble phosphorus in the cells, and of chloride 
t^l cells, differed vudely among the four blood samples repre- 

sented here. A tentative interpretation of the significance of these findings 
is offered m the discussion that folloivs. 


of no-B iacterial endocarditis, hemorrhagic nephritis. E. S., white female, 15 years 

iTirl* ^Tvrnr, months' duration began with sigms of rheumatic heart 

iiematurif^ signs of cardme decompensation, sligld edeisa, 

blood camriJ vomiting, etc. Death occurred with convulsions one week after 

mood sample was taken. 

ilInD=s'is^n'rnT*t C- P., colored male, 9 years of age. The durafioa e* 

acute npnhrif admitted to the hospital two years previously, vi ■ 

ancp of nni ‘'’®®®oiated with edema, albuminuria, elevated blood pressure, and urea eesr 
^ two years he was readmitted to the hospital severi 

was taken* t)f the same symptoms. He died two days after this Wood sat«P-'- 


fnrmot'nn f male, 9 years of age. A diagno.sis of congenita 

1 ^ o le 1 adder, hydronephrosis, and renal rickets was made when this hoy, a 
brought to the liospitul because of poor development 
weig 1 ^arn, occasional vomiting, and urinary incontinence. His renal function rocasur - 
than 10 per cent of phenolsulfonephtlialein excretion in two hours. At the time 
samp e was taken, he liad been brought to the hospital after five dnrs of increasing 
apparently preerprtated by a mild respiratory infection. He was then very drowsy, brca,-i-y 
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was laborecl, and the blood showed an extreme acidosis. Following the administration of 
sodium bicarbonate to conect this acidosis, lie showed a remarkable transient improvement 
of his symptoms, but he died a month later. 

4. Nephrosclerosis. R. H., white male, 13 years of age. The duration of illness is 
uncertain. Theie was a history of increasing weakness, anemia, muscle cramps, etc., since 
less than 2 years; pus and albumin in the urine were noted by physicians during the same 
period. The mother reported having seen “strings of pus“ in the urine since infancy. He 
had convulsions during a respiratory infection when 2 years old, but apparently had none 
during an attack of scarlet fever at 6 years of age. During nearly a year’s observation in 
this hospital he has had several exacerbations of acute symptoms, witli vomiting, marked 
anemia, vaiiable azotemia, and with Trousseau and Chvostek signs occasionally positive. 
This blood sample was taken at a time when he uas feeling comparatively well, although it 
was deemed necessary to give him a transfusion shortly afterward because of the low red 
blood cell count and hemoglobin found in this sample. 

DTSCUSSIOM 

Several recognized functions of the organic acid-soluble phosphorus com- 
pounds of the blood cells have been discussed previously in a series of papers 
based on experimental and clinical studies carried on in this laboratory. These 
substances participate in carboliydrate metabolism, serve in the transport of 
phosphorus in the body for various metabolic needs, and play an important 
role in the maintenance of the acid-base equilibrium of the blood. 

In earlier papers of this series attention was called to a reciprocal relation- 
ship that was observed between changes in concentration of organic acid-soluble 
phosphorus and chloride in the blood cells following pyloric obstruction^® and 
after suppression of renal function.'® More recently available data on the sev- 
eral fractions of the organic acid-soluble phosphorus have permitted a fairly 
complete description of the ionic composition of blood cells, both in the normal 
state and in sevei’al conditions in which severe disturbances of the blood electro- 
lytes are known to occur. 'When the organic phosphorus compounds are taken 
into consideration, close agreement is obtained between the total base and the 
sum of the anions in the cells. Evidence has been presented that the distribution 
of the diffusible ions, Cl“, and HCOj", between cells and serum depends 
mainly upon the concentration and anion equivalency of diphosphoglyceric acid 
otid hemoglobin, the two most important nondiffusiblo constituents of the 

cells.i2. 20 

Changes in concentration of the organic acid-soluble pliospliorus compounds 
m the blood cells appear to be subject to several interdependent factors : the 
functional state of the tissue phosphorus reserves, the excretion of phosphates 
by the kidneys, the changes in concentration of other electrolj’tcs in the blood; 
and also, various factors affecting the reactions of the glycolytic cycle by which 
diese phosphoric esters are synthesized and decomposed. Among the latter, 
an important factor is the pH of the blood which is especially to be considered 
in the states of acidosis discussed in the present paper. In blood incubated in 
' ilro, acidification to pH 7.0 to 7,3 leads to a rapid liberation of inorganic phos- 
pbonis at the expense of diphosplioglycerate, while reactions above pH 7.3 
avor the esterification of inorganic phosphorus and spithcsis of diphospho- 
Sbeerate.^* The fact that decomposition of diphosplioglycerate is favored by a 
range of reactions seen frequently in the blood in vivo offers an explanation 
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of one mechanism hy Miiicli its concentration in the hlood cells is reduced in 
states of acidosis such as those cited in Tables I, II, and III. Closely related to 
the effect of pH is the distribution of chloride hetiveen cells and serum. Obsena- 
tions of reciprocal relationships betiveen changes in concentrations of chlonde 
and diphosphoglycerate in the blood cells in a variety of conditions suggest 
that the concentration of chloride in itself may exert an influence on the s\n- 
thesis and decomposition of diphosphoglycerate. 

Other phosphorus stores of the body are, however, more important than the 
diphosphoglycerate of the blood as a source of the increased urinaij phosphorus 
in acidosis. The fact that during the development of acidosis the inereaswl 
phosphaturia at first is not accompanied by much, if any, increase in calciun 
excretion indicates that the phosphorus of soft tissues is liberated before t 
of bone. Phosphorus compounds of the soft tissues are closely related to 
of the blood, and apparently are similarly affected by acidotic conditions. - 
rapidly developing severe acidosis may lead to exhaustion of the la P'”'' 
phorus reserves before the large phosphorus stores in hone can he mo i iz' 
This loss in turn may lead to a series of interrelated disturbances. 
phorus is known to play an essential role in respiration and in cai loi 
metabolism, exhaustion of the labile phosphorus reserves can he expec 
affect adversely the metabolic activity of various tissues. Adde o ns • 
fact that the excretion of phosphates and other acid metabolites eii ai ® ‘ . 

of base which, if continued beyond a relatively short time, +1,,,,. njo. 

concentration of total base in the blood and tissues. The base^ e ci 
duced is a well-recognized factor in the dehydration of acidosis, an ) 
deficit and dehydration may aggravate the state of acidosis. 
from any cause is likely to create a vicious cycle in vhich i 
mutually intensify the severity of each other. 

Such a vicious cycle can be visualized readily in the dei elopment 
sis with gastroenteritis in infants. Losses of base in diaiihea jjvors 

liase deficits in the blood and tissues, acidosis, and dehydration. ci 
the decomposition of the labile organic acid-soluble losses 

the blood and tissues, giving rise to increased phosphatuiia, vi ' ’^^^001- 

of base in the urine augment those already occurring in the stoo 
position of diphosphoglycerate proceeds simultaneously v ith mere 1^. 

centration of chloride in the blood cells, shifts in distribution 0 
tween serum and cells, and changes of pH, so that each set 0 c la _ 
said to influence the other. nnrc.'sie'’ 

Failure of excretion of phosphates in the urine, due to phosj)!''”'"'’ 

of renal function, is followed by changes of the organic acid-so u 
and chloride in the blood cells in directions opposite to those c fuiictio’’- 

ring in chloride and diabetic acidosis in subjects with adecpiate jHiistratf'* 
Some of the effects of abrupt cessation of renal function luu e Ijilatcr^i 

in another paper in a chart representing blood changes in a o„ a ^ iionitrah'-'’ 
nephrectomy."® Briefly, those changes were progressive 
nitrogen and inorganic phosphorus in the blood; increase 0 c]i])ii 05 r^‘‘''' 

ble phosphorus in the cells, accounted for by equal increases m 


•Chart 3. 
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glyeerate fraction; decrease of HCO 3 and Cl in both serum and cells. Such 
changes are typical of those found in the blood of many nephritic patients suf- 
fering from acute suppression of urinary excretion. However, not all cases 
commonly called “nephritic acidosis” show blood changes falling into this pat- 
tern. 

The values listed in columns 1 and 2 of Tabic IV are, in fact, very much 
like those found at different times after nephrectomy in the experiment just 
descril)ed. In these two bloods, high concentrations of organic acid-soluble phos- 
pliorus in the cells accompanied low concentrations of carbon dioxide in the 
serum, and in the second, the chloride was low in both serum and cells. In 
column 3, however, is shown a picture fairly similar to those of other types of 
acidosis previously discussed, i.e., low concentration of organic acid-soluble phos- 
phorus in the cells, with low carbon dioxide content of the serum and a high 
ClciClg ratio. In column 4 a normal concentration of organic acid-soluble phos- 
phorus accompanies decreased values for both carbon dioxide and pH in the 
scrumj and a high Glc’-GU ratio. These vaUies probably resulted from a balance 
between the effects of acidosis and of phosphate retention, respectively favoring 
decreases and increases of organic acid-soluble phosphorus in the cells. Differ- 
ences between the response to acidosis in these two patients, represented in 
columns 4 and 5, may have been due to slight differences in their ability to get 
rid of endogenous phosphates, and possibly also to differences in their phos- 
phorus reserves, exhausted more or less during a long period of borderline acido- 
sis. In terminal stages, “uremia” is characterized by great increases of organic 
aeid-soluble phosphorus in the cells, with extreme acidosis; under such condi- 
tions the inorganic phosphorus is always very high. Presumably the increase 
of diphosphoglycerate in tlie cells under such conditions is duo to the retention 
of phosphates, but the mechanism by which this increase occurs, together with 
concomitant shifts in other electrolytes, is by no means clear. 

SUMMARY 

The concentration of organic acid-soluble phosphorus in the blood cells is 
greatly reduced during severe acidosis in subjects with adequate renal function, 
following the ingestion of ammonium chloride, in diabetic coma, and in infants 
'vith profuse diarrhea. The decrease is in the diphosphoglycerate fraction, 
which appears rto be one source of the increased phosphaturia that occurs in 
these conditions. High, normal, or low concentrations of organic acid-soluble 
phosphorus in the blood cells may be found during acidosis in nephritic subjects 
"ith low renal function, depending upon different conditions present in individ- 
cases. The changes of phosphorus distribution arc closely related to the 
state of other electrolytes in the blood, and they api)Gar to constitute a vahiablc 
index of the functional state of the labile phospliorus reserves of the body. 
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SOME CHEMICAL OBSERVATIONS ON THE HUMAN HEART IN 
HEALTH AND DISEASE* 


Victor C. Mt’ees, Ph.D., D.Sc., and George H. Mangdn, PhD. 
Clbvedakd, Ohio 


D uring recent years the problem of myocardial failure has been attaeked 
vigorously from manj' directions. Not least among these has been the 
chemical approach to the problem. As the new concept of the chemical nature 
of the mechanism of muscle contraction has been elaborated, new possibilities 
have arisen which, although at the present time in an embryonic state of develop- 
ment, may ultimately prove to be of great practical importance in clinical 
medicine. 

It is not intended liero to attempt to give a review of the entire field of 
the chemistry of the heart and of heart failure. Numerous reviews have ap- 
peared upon the subject, particularly those concerned with the gaseous metab- 
olism of the heart and carbohydrate metabolism. Bodansky and Bodansky’ 
have recently summarized the chemical blood changes associated with cardiac 
insuffieienoy. The present communication will deal largely with a discussion 
of the chemical composition of the heart muscle itself and some of the factors 
that have bcon found to influence it. 

NORMAL COMPOSITION 

Heart muscle may be divided into an intracellular and extracellular phase, 
similar to that which has received much attention in skeletal muscle. It differs 
from skeletal muscle in that there is relatively more c.xtracellular and less intra- 
cellular phase. Hastings, Blumgart, Lowry, and Gilligan'" have determined the 
normal phase relationships in the dog heart. They found that the water content 
of the intracellular phase paralleled that of other tissues which Hastings and 
his collaborators studied. The water content of the whole tissue is higher than 
that of skeletal muscle, but the extra water is associated with sodium and chloride 
and, therefore, assumed to be extracellular. In young dogs it was found that 
there was more e.xtracellular fluid than in adult dogs. Samples from the left 
' antriele, right ventricle, and septum showed that the intracellular phase was the 
greatest in the left ventricle and least in flic right ventricle. 

In the human heart the intraeellular phase is likewise smaller than in 
s wlefal muscle. This is reflected in the lower concentration of potassium and 
le higher chloride and sodium content of the hearts examined after death by 
m I anderbilt investigators,-’ and by other workers.” The right ventricle of 
man co ntains considerably more extracellular pha.se than that of the dog, 

Clo\claii5?'’’ department of niocliemlstrj'. School of Metlicine, Western Ileserve Universltj', 
-UdeO by a grant from the Josinh Macy, Jr., Foundation. 
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causing an apparent wide difference in the concentrations of potassium, creatine, 
phosphorus, and otlier substances between the two ventricles. However, there 
is no chemical evidence to indicate that this is due in any part to factors other 
than differences in the extracellular water, connective tissue, and fat content, 
all of which are greater in the right ventricle. We have found that the intra- 
cellular constituents, creatine, phosphorus, and potassium, are approximately 
ecpial in botli ventricles when corrected to a constant water content in the 
collagen and fat-free tissue (unpublished observations ), 


CREATINE AND PHOSFHORU.S COMPOUNDS 

Since the discovery of phosphocreatine by Fiske and Siibbarow’^ in 192T, 
a number of investigators have directed special attention toivard its role in the 
heart. Inasmuch as phosphocreatine cannot be determined in the human heart 
at autopsy, due to its extreme lability, studies upon its variations have been 
carried out either on animals experimentally or on the human heart by observing 
the creatine content. Creatine has ])rovcd to be a particularly easy substance 
to study, because, of all the compounds so far investigated, it has shown the 
greatest and probabl,v the most significant variations. Due to its close associa- 
tion as phosphocreatine with the final steps in the transfer of energy from the 
chemical system to mechanical energy, and the ease with which it may he de- 
termined, it has lent itself to the study of many problems as an index of t e 
net effect of any disease or experimental procedure upon the heart muscle. 

Creatine is present in heart muscle in about half the concentration it attains 
in skeletal muscle. Phosphocreatine has been I'eporlcd by various investigators 
as present in concentrations from one-tenth to one-third that of skeletal laos*! e. 
Its lower concentration in heart muscle than in skeletal muscle cannot c 
tributed to a difference in the amount of the intracellular phase, since t 
sharp decrease in the ratio of creatine to potassium. The distribution o 
phoriis compounds is likewise greatly different from that of skeletal ^ 
While the total phosphorus of the heart is about the same as that of 
muscle, a much greater part is jiresent iu the acid-insoluble fraction, i 
which is phospholipid. The acid-soluble fraction is accordingly less,' 
difference may be traced largely to the lower phosphocreatine conten 
heart. 

The chemical composition of the normal and failing human heart 
in Table I. Where normal data -were not available, average values foi 
ous autopsy cases are given. _ 

While the full implications of muscle creatine ivere not recognize ^ 
the discovery of phosphocreatine in 1927, and its subsequent corre a^ioi^ 
muscle contraction, creatine has long been regarded as closely in 

muscle contraction.^® It is interesting to note that the chemical 
the human myocardium to the problem of heart failure ivas firs ‘ 
through this compound and that to date no other substance has evi- 

shown to be as greatly affected by myocardial insufficiency. Win ® of 

deuce has accumulated indicating that the loss of creatine is due o ‘ ^ 


aence nas accumuiaiea inaicating that the loss oi cruauxii- .ggiinf, 

the chemical system supplying energj’- for the resjmthesis of ^ jeurtO 
creatine nevertheless remains as the outstanding substance h.v wluci 
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Table I 


The Chemical Composition op the Human Heart 
(Milligrams Per 100 Grams) 


Water, Gm. 
Normal 
Insufficiency 


NO. OF left 

CASES X’ENTRICLE 


RIGHT 

VENTRICLE 


5 78.9 

S 80.5 


79.2 

81.5 


REFERENCE 


Wilkins and Cullen^o 
Wilkins and Cullensf 


Cliloride 


Miscellaneous 

10 

139 

Sodium 



Normal 

5 

92 

Insufficiency 

S 

115 

Potassium 



Normal 

13 

285 

Normal 

5 

311 

Insufficiency 

S 

258 

Insufficiencj’ 

17 

232 

Total phosphorus 



Normal 

13 

194 

Normal 

5 

203 

Insufficiency 

8 

170 

Insufficiency 

17 

169 

Acid-soluhle phosphoius 



Normal 

30 

89 

Insufficiency 

33 

72 

Creatine 



Normal (trauma) 

13 

203 

Normal (trauma) 

11 

183 

Essentially normal 

4S 

202 

Insufficiency 

17 

147 

Insufficiency 

11 

175 

Insufficiency 

32 

122 

0x}*puriiie nitrogen 



Miscellaneous 

18 

30.9 

Tnsufficionev 

fi 

.30,0 


182 

Muntnyler et nl.23 

107 

Wilkins and Cullenso 

142 

Wilkins and Cullenso 

219 

Mangun and Myersza 

255 

Wilkins and Cullenas 

200 

IVilkins and Cullenso 

178 

Mangun et al .23 

160 

Mangun and Mverssz 

177 

Wilkins and CullenSf 

149 

Wilkins nnd Cullens^ 

135 

Mangun et al.23 


Pccherd and Blumn 


Dccherd and Blumii 

165 

Mangun and Myers^a 

- 

Herrmann ct al.i^ 

— 

Cowan8 

- 

CowanB 

132 

Linegar et al .20 

“ 

Herrmann ct al.iT 

22..') 

Mangun and Myers^i 

22.4 

Mangun and Mvers^i 


0 deficiency of tlie chemical moclmnism may be evaluated in the human heart, 
ns situation arises as a result of tlie close association of creatine witli the final 
transfer of energy to the mechanical phase of contraction and its 
of measurement. Phosphocreatine and adcnylp 3 U’ophosphatG 
'' 1 C 1 are even more closelj' linked with contraction cannot be evaluated in tlie 
nrnian lieart hccause of their extreme lability. 

^ Studies on the creatine content of the human heart began with the work of 
^onsta )el.' In essentially normal persons he found values of 170 to ISO mg. 
o\iei ^allies were reported in persons whose heart action was poor, particularl.v 
^61 e attj’ changes in the mj'oeardium were evident. 

atte "*?**'^' investigations on the human Iicart were undertaken 

(lisr 1 pliosi)liocreatine. For the sake of clarity, tliey mil be 

eussoc from the standpoint of interpretations placed upon them rather than 
vinonologic order. 

li-hl nf'"'"^ I'nlHC.'j.—.The values reported by Constabel' appear to he low in the 
more recent data. Vollmer=’ reported averages of 221 mg. and 173 mg. 
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of creatine for the left and right ventricles, respectively. In three normal per- 
sons, Bodansky- obtained values ranging from 220 mg. to 285 mg., presumably 
in the left ventricle. In 48 human hearts, ■which he considered to be normal, 
Cowan reported values ranging from 117 mg. to 264 mg., •with an average of 191 
mg. In 95 miscellaneous cases obtained within thirty-six hours post mortem, 
Linegar, Frost, and illyers-® obtained an average of 208 mg. and 149 mg. for 
the left and right, ventricles, respectively. Herrmann, Decherd, and Oliver'' 
reported an average of 175 mg. in 34 hearts which they considered to be essen- 
tially normal. In another series of miscellaneous cases, Mangun, Reichle, and 
Slyers-" found average values of 199 mg. and 148 mg. in the left and right 
ventricles, respectively. Bodansky, Pilcher, and Duff^ studied 212 males and 
88 females and reported average values of 157 mg. and 163 mg., respectively, 
in the left ventricles of the two sexes. 

To gain more accurate information about the normal creatine content of 
the human heart, jilangun and Myers-- obtained sampilcs from a limited number 
of persons whose death was sudden. In 13 cases the creatine content of the left 
v'cntricle varied from 186 mg. to 218 mg., and averaged 203 mg., and the right 
ventricle varied from 154 mg. to 185 mg., and averaged 165 mg. These values 
were far more constant than the values found in any of our pathologic studiea 
and indicate that the normal creatine content of the myocardium is fak,' 
uniform, in contrast to variations of large magnitude in both directions in is- 
eased persons. 


EFFECT OF AGE, SEX, GENERAL CONDITION 

Constabel’ was able to find no correlation between the creatine content o 
the myocardium and ago and sex. Later studies, however, indicate that some 
correlation does exist. Seecof, Linegar, and i\Iyers-‘ found that the 
content of the newborn infants was approximately the same in both v entric ^ 
The creatine content of both ventricles was found to rise rapidly and 
maximum within the first year, after which there was no change up to t 
of 30. Between the ages of 30 and 50 there appeared to he a slight drop, a^^^^ 
which the values again increased. However, it is difdcult to demonstra 
positive correlation during the later years because of the relatively small va^^^ 
tions and the possibility of the incidence of disease at different age lev e s 
ing the results. Bod'anskj^, Pilcher, and Duff^ recorded a slightly >= 
cardiac creatine content in women than in men. _ 

A comparison of our normal group with miscellaneous of 

indicates that the heart tends to maintain a high creatine level in the a 
severe cardiac involvement. Only rarely are values below 170 mg- 
in the left ventricle in the absence of myocardial insufdciency or egen 
changes in the myocardium. We liave encountered numerous cases 
the creatine content of the pectoralis major was sharply 


appreciable decrease in the myocardium. Occasionally the creatine 


the heart is low in acute infections, possibly due to a direct action o 
or their toxic products on the myocardium. In chronic conditions, 
einoma and diabetes, cardiac creatine values tend to be shglitlj o .^ggi-Jial 
normal, but seldom fall in the range encompassing most cases o ni) 
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insufficiency. Because of the overlapping of pathologic conditions, it is difficult 
to convey the true status of individual eases in tabular form without accompany- 
ing diagnoses. 

We have encountered numerous cases in our studies in Avhieh the myocardial 
creatine values are elevated markedly without apparent cause. . Partieularly 
prominent in this group are eases with histories of fever. Daus and Myers (un- 
published data) have recently studied the effect of experimental hyperthermia 
on the creatine content of rat skeletal muscle. They found the creatine content 
increased, partly due to dehydration and partly due to an increased creatine 
content per unit of dry tissue. Whether this increase is due to a loss of muscle 
solids without a parallel loss of creatine, or whether there was an increased rate 
of formation could not he determined from the data obtained. 

In uremia Linegar, Frost, and Myers^" found a definite elevation of creatine 
in both heart and skeletal muscles. Bj’ the retention of creatinine, the creatine- 
creatinine equilibrium would be shifted toward the former. It is interesting to 
note that Mangun, Reichle, and Myers,’“ have also observed a tendency to- 
ward elevation of phosphorus and potassium, suggesting the possibility that the 
extra creatine may he retained as the potassium salt of creatine phosphoric acid. 
Whether this might exert a beneficial effect on the heart by increasing the energy 
and base reserve of the myocardium is an interesting speculation. 


StYOOARDIAL INSUFFICIENCY 


Since the first investigation of creatine in the human heart by Constabel,’ 
it has become more and more apparent that this substance is decreased in the 
failing heart. On this point, all investigators in this field are agreed. The 
work of Vollmer,^* Cowan,® Linegar, Frost, and Myers,®“ Bodansky and Pilcher,* 
Herrmann and his associates,'®' ” and jiangun, Reichle and Myers,®' have 
clearly demonstrated that a loss of creatine is usually associated with myocardial 
decompensation, The underlying cause of the decrease in creatine content of 
the myocardium, however, has often been challenged. It has been suggested at 
various times that the decrease in creatine was due to anatomic changes in the 
muscle, to edema, to injurj' of the cell membranes, permitting its diffusion out 
of the cells, and to hypertrophy of noncrcatine containing parts of the cell. The 
' final alternative is that the loss of creatine is due to chemical events within the 
'cell, an inability to maintain the creatine in the nondiffusible form of phos- 
' Pliocreatine. 


Let us examine more closely the changes that take place in the failing heart. 
' Heterminations of the ivater content bj' various investigators have demonstrated 
I that only a small fraetion of the drop in creatine content can be assigned to 
'this factor.” While there is usually a small increase in the -n-ater content of the 
1 failing heart, and occasionally a significant increase,’*’ this factor is negligible 
respect to creatine, although it may be of importance in itself as a factor 
.uutoifcving ^vith the metabolic activity of the myocardium. The possibility that 
.JUiatomie alterations, such as fatty infiltration and increases in connective tissue, 
>a.ij be responsible liave been discounted by workers who have examined the 
.1 icart histologically in conjunction with their analyses."' In our scries of 
, s u les we have determined the water, fat, and collagen content in a limited num- 
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of creatine for the left and right ventricles, respectively. In three normal per- 
sons, Bodansky- obtained values ranging from 220 mg. to 285 mg., presumably 
in the left ventricle. In 48 human liearts, which he considered to he normal. 
Cowan reported values ranging from 117 mg. to 264 mg., with an average of 194 
mg. In 95 miscellaneous cases obtained within thirty-six hours post mortem, 
Linegar, Frost, and hlyers"'’ obtained an average of 208 mg. and 149 mg. for 
the left and right ventricles, respcetivel.v, Herrmann, Decherd, and Oliver’’ 
re]iorted an average of 175 mg. in 34 hearts which they considered to be essen- 
tially normal. In another series of miscellaneous cases, Jlangun, Keiclile, and 
hlyers-’^ found average values of 199 mg. and 148 mg. in the left and right 
ventricles, respectively. Bodansky, Pilcher, and Duff^ studied 212 males and 
88 females and reported average values of 157 mg. and 163 mg., respectively, 
in the left ventricles of the two sexes. 


To gain more accurate information about the normal creatine content of 
the human heart, IMangun and hlycrs-- obtained samples from a limited number 
of persons wliose death was sudden. In 13 cases the creatine content of the left 
ventricle varied from 186 mg. to 218 mg., and averaged 203 mg., and the right 
ventricle varied from 154 mg. to 185 mg., and averaged 165 mg. These values 
were far more constant than the values found in any of our pathologic studies 
and indicate that tire normal ci'catine content of tlic myocardium is fairl) 
uniform, in contrast to variations of large magnitude in both directions in u- 
eased persons. 


EFFECT OF AGE, SEX, GENERAL CONDITION 

Constabel' was able to find no correlation between the creatine 
the myocardium and age and sex. Later studies, however, indicate that so® 
correlation does exist. Seecof, Linegar, and Hyers"” found that the creaj^^ 
content of the newborn infants was approximately the same iu both ^ 
The creatine content of both ventricles was found to rise rapidly and r® 
maximum within the first year, after which there was no change up 1° 
of 30. Between the ages of 30 and 50 there appeared to be a slight mPi 
which the values again increased. However, it is difficult to demonstra 
positive correlation during the later years because of the relatively sma 
tions and the possibility of the incidence of disease at different age 
ing the results. Bodansky, Pilcher, and Duff" recorded a slightly 
cardiac creatine content in women than in men. , g 

with miscellaneous of 

severe cardiac involvement. Only rarely are values below 170 
in the left ventricle in the absence of myocardial insufficiency or 
changes in the myocardium. We have encountered numerous cases^ 
the creatine content of the pectoralis major was sharply decieas 
appreciable decrease in the myocardium. Occasionally the pacted® 

the heart is low in acute infections, possibly due to a direct action o 
or their toxic products on the myocardium. In chronic 
cinoma and diabetes, cardiac creatine values tend to be slig jnyocanJ'^* 
normal, but seldom fall in the range encompassing most cases 


A comparison of oui’ normal group wim * ahscBCS® 

indicates that the heart tends to maintain a high creatine level in t le a 


MYERS-MANGUN : HUMAN HEART IN HEALTH AND DISEASE 


203 


: insufficiency. Because of the overlapping of pathologic conditions, it is difficult 

- to convey the true status of individual eases in tabular form without aceompany- 

■ ing diagnoses. 

‘ "We have encountered numerous eases in our studies in which the myocardial 
-'creatine values are elevated markedly without apparent cause. . Particularly 
r prominent in this gi'oup are eases with histories of fever. Daus and Myers (un- 

■ published data) have recently studied the effect of experimental hyperthermia 
on the creatine content of rat skeletal muscle. They found the creatine content 

- increased, partly duo to dehydration and partly due to an increased creatine 
. '.content per unit of dry tissue. Whether this increase is due to a loss of muscle 
: .solids without a parallel loss of creatine, or whether there was an increased rate 
, of formation could not be determined from the data obtained. 

In uremia Linegar, Frost, and JIycrs^“ found a definite elevation of creatine 
in both heart and skeletal muscles. Bj' the retention of creatinine, the creatine- 
" .creatinine equilibrium would be shifted toward the former. It is interesting to 
■' note that Mangun, Eeiehle, and Myers,’’’ have also observed a tendency to- 
• ' ward elevation of phosphorus and potassium, suggesting the possibility that the 
1- extra creatine may be retained as the potassium salt of creatine phosphoric acid. 
•'^Whether this might exert a beneficial effect on the heart by increasing the energy 
-'.and base reserve of the myocardium is an interesting speculation. 


MVOCARDUL IKSUFFICIENCY 


Since the first investigation of creatine in the human heart by Constabel,' 
it has become more and more apparent that this substance is decreased in the 
failing heart. On this point, all investigators in this field are agreed. The 
work of Vollmer,” Cowan,’ Linegar, Frost, and Myers,” Bodansky and Pilcher,* 
'Herrmann and his associates,”’ ” and Mangun, Reichle and Myers,” have 
'tlcarly demonstrated that a loss of creatine is usually associated with myocardial 
idecompensation. The underlying cause of the decrease in creatine content of 
Ihe myocardium, however, has often been challenged. It has been suggested at 
.various times that the decrease in creatine was due to anatomic changes in the 
i muscle, to edema, to injury of the cell membranes, permitting its diffusion out 
I'lt the cells, and to hypertrophy of noncreatine containing parts of the eell. The 
inal alternative is that the loss of creatine is due to chemical events within the 
..’ell, an inability to maintain the creatine in the nondiffusible form of phos- 
i|Oliocreatine. 


Let us examine more closely the changes that take place in the failing heart. 
^■Oeterminations of the water content by various investigators have demonstrated 
;.liat only a small fraction of the drop in creatine content can be assigned to 
Ills factor.” Wliile there is usually a small increase in the water content of the 
, ailing heart, and occasionally a significant increase,'*' ”” this factor is negligible 
nth respect to creatine, although it may be of importance in itself as a factor 
iitcrfciing with the metabolic activity of the myocardium. The possibility that 
natomie alterations, such as fatty infiltration and increases in connective tissue 
lay be responsible have been discounted by workers ivlio have examined the 
cart histologically in conjunction with their analyses.”’ ” In our series of 
iidies we have determined the water, fat, and collagen content in a limited num- 
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ber of cases and have been unable to demonstrate any serious alterations in 
the values for creatine, phosphorus, and potassium after correction for these 
factors. Occasionally in a heart t.hc fat and collagen content, particularl.r of the 
right ventricle, have been found to lie increased, but these alterations in in- 
dividual cases exerted a negligible effect upon the group of cases studied in this 
manner. It would, neverthele.s.s, be liiglil^* desirable to have more extensive 
studies conducted upon the collagen content of the heart, especially in relation to 
age, hypertrophy, and infarction. 

The possibility that in.iury of tlic cell membrane is responsible for the los 
in creatine seems hardly credible. Tliere is ample evidence in the literature to 
indicate that creatine maj’’ he taken up by muscle as well as released by it. 
The more plausible explanation, then, would he that the creatine saturation level 
of the myocardium is decreased as a result of a decrease in phosphoereatine. 


The studies of tlic Vanderbilt investigators"” demonstrated that there is a 
loss of potassium and phosphorus from the heart in congestive heart failure. 
However, there appears to ho some conflict of opinion as to the possible role d 
potassium as a contributory cause in heart failure, Herrmann and his co- 
workers^® concluded that the slight losses of potassium which they ohseived 
were not significant. It is true that the jier cent loss of potassium from thefai- 
ing heart is considerably less than that of creatine and more variable. The J- 
ei’easc of phosphorus in the failing heart has been confirmed by Mangun, c 
and Myers== and by Docliord and Blum.” The latter authors demonstrated t ‘I 
tire phosphorus loss was confined mostly to the acid-soluhle fraction, an ohser a 


tion in full accord with some of our unpublished studies. 

AVork carried out in this laboratory led us to believe that a close 
tion existed between the losses of creatine, phos])horns, and 
analyzing data obtained on a series of autopsy cases, it soon became 
that the loss of creatine was far greater on a jicrcenlage basis than 
potassium or phosphorus. However, in further studying the results, i a ^ 
Reichle and iilyers-® noted that the loss in millimoles was more t an 
large for both potassium and phosphorus as for creatine. It xvas a 
concluded that the observed ‘changes were due to a loss of the dipotassi^^^ 
of creatine phosphoric acid, together with other acid-soluhle phospmii 


pounds. _ jj, , 

In 1937 Burns and Cruiekshank^ publislied a very of 

which they studied the effects of asphyxia and fatigue on the excise ^ 

the cat. They found that when the lieart was arrested in h 

asphyxia a loss of phosphagen (phosphoereatine) preceded that ^ ^ 
phosphate, with a loss of about 80 and 60 per cent of phosphagen 
pyrophosphate, respectively, with complete asphj'xiation. oimi a 
obtained with the heart of the dog. In the presence of oxypn, jp 53 of 

produced only a slight loss of phosphagen, xvith a relatively gjea.d 

adenjdpjT-’ophosphate, about a 25 and 50 per cent loss of phosp lagen 


pyrophosphate, respectively. ereatine 

To determine more accurately what changes took place in 
phosphorus compounds of the heart in insufficiency, Mangim a 
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studied the distribution of phosphorus compounds in the left ventricle of the 
dog’s heart in late aortic insufficiency. No decrease in cither phosphocreatine 
or adenylpyrophosphatc was observed in dogs with varying degrees of hyper- 
trophy without decompensation. However, in two dogs in the very late stages of 
aortic insufficiency with decompensation, it was found that there was a decrease 
in creatine, total acid-solublc phosphorus, phosphocreatine, and adenylpyro- 
phosphate. The most striking change in the hearts of these dogs was the marked 
loss of adenylpyrophosphatc, which was decreased about 40 per cent in both 
animals. The loss of phosphocreatine was less apparent, being slightly lower 
than the lowest normal value in a series of 8 normal animals and about 15 per 
cent below the average normal value. The loss of acid-soluble phosphorus was 
completely accounted for by the decreases in adenylpyrophosphate and phospho- 
creatinc. The loss of creatine was about half accounted for by the decrease in 
phosphocreatine. 

The findings in the animal experiments of Jlangun and Boberts^* have 
I essentially fitted into our concept of the chemical nature of heart failure. In 
I addition, their findings paralleled those of Burns and Cruickshank” on isolated 
) animal hearts fatigued in the presence of oxygen rather than their experiments 
1 on asphyxial arrest. The observations are too few to permit the drawing of 
' definite conclusions as to the relative roles of fatigue and anoxemia in dceom- 
i pensafion, but indicate that the former may be the predominant factor. 

The strategic position occupied by adenyli>yropho.sphate with respect to 
.1 phosphocreatine, glycolysis, energy transfer, and phosphorus transfer seemed 
to warrant further investigations. Sinee it is impossible to determine the con- 
centration of adenylpyrophosphate in the human heart due to its rapid break- 
down to adenylic acid and subsequent deamination, we attempted to determine 
it by measuring the oxypurine nitrogen content. This we did by treating a 
, trichloracetic acid extract of heart muscle with nitrous acid in a boiling water 
hath and subsequently determining the purine bases b.v the method of Hitchings 
' (1933). A preliminary report of nine cases was given before the 1940 meeting 
of the American Society of Biological Chemists, Since that time a total of 
24 cases have been studied. In G eases of myocardial insufficiency the average 
i oxj-purine content of the left ventricle was about 15 per cent lower than the 
average of the remaining 18 cases in the series. Only one of the 6 cases showed 
I a relatively high oxypurine content; this was a case of acute rheumatic fever 
of short duration following childbirth. Total acid-soluble phosphorus and 
creatine determinations were also made on this series. In general, these sub- 
1 stances varied in the same direction as the purine content. In the gi'oup with 
insufficiency the total acid-soluble phosphorus was about 15 per cent below that 
; ; of the other cases and the creatine was about 33 per cent lower. 

;;; CAIlDIAC IIYrERTHOI’HY 

y 

Tlio ((uestion of tlie effect of cardiac hypcrtro])liy uj)on the chemical eom- 
.ji;. position of the hiinum heart is of importance both as a plienomenon in itself 
■■'ju m relation to myocardial failure. Ilevi*niann and liis co-workers^''” ” and 
upon hyi)ertroi>hy as intimately associated witli failure, possibly tlie 
^..'principal factor in bringhi'^ about an eventual inal)ility of tlie metabolic Irans- 
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fer betAveen the blood and muscle to keep pace witli the increased demands upon 
the energy output Boberts, Wearn, and Badal- have shovn that as a resul! 

heart muscle. This leads to an increased 
adial distance the metabolites must diffuse from each capillary a sitnata 

fibers! lead to decreased nutrition and anoxia of the mwle 



HEART WEIGHTS , RANGE . gm. 

me. l—The relationship of heart weight to the creatine content of the left and right venfriefc' 
ot the human heart in 195 autopsy cases. 


t IS difficult to obtain accurate information upon the effect of hyperhoP ^ 
chemical composition of human heart muscle because of the variabi 't'’ 
0 e ndings and the influence of other factors. Cowan® observed tlial ® 
marts with hj^pertrophy the average creatine concentration was sligWb' 1’’= 
than in hearts without hypertrophv, but did not believe the slight differenee « 
be significant. 

In work carried out on human and animal hearts in this laboratoi.' 
laie peisisteiitly noted a tendency toward higher creatine, phosphorus, sn 
potassium values, with increases in heart iveight. These differences, ' 
have been relatively small and of such magnitude as might be expe'^1® 
Amriations in the amount of intracellular phase in the myocardium, fh® 
lation betAA’een heart Aveight and chemical composition Avas most 
cases of sudden death and in the hearts of dogs Avhere the heart Aieig • 
Aveight ratio was used as an index of hypertrophy (Mangim and 
published data). ]\Iost of these hearts, however, were Avithin the range of* ‘ 
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is considered to be physiologic hypertrophy. To observe more closely the corre- 
lation between heart -weight and creatine content throughout the normal and 
pathologic range, rve have arranged the cases studied by Seecof and eO'-workers^’ 
and Mangun and associates'^'-^ according to heart weights (Fig. 1). It is 
seen that the creatine content of both r-cntricles is low in hearts weighing less 
than 50 Gm. It rises rapidl.y, reaching a maximum in the left ventricle in the 
51 to 150 Gm. hearts, and in the right ventricle in the 151-250 Gm. hearts it 
maintains its highest level up to 350 Gm., and then begins to fall, reaching its 
lowest level in adult hearts in the group weighing over 650 Gm. It should be 
pointed out that one should not lose sight of the effects of age and the incidence 
of myocardial insufficiency in these gi’oups. The low heart weight group is com- 
posed of very young persons, less than a year old, and the incidence of heart 
failure increases progressively with each increment of heart weight. Relatively 
high creatine values are frequent throughout the range of heart weights, indi- 
cating that hypertrophy itself does not necessarily limit the saturation level of 
the muscle. Nevertheless, the fact remains tliat there is a statistical correlation 
between cardiac creatine content and heart weight. 

SIGNIFICANCE OF THE CHEMICAL CHANGES IN HEART FAILURE 

It has often been stated by clinicians that the observed changes in heart 
muscle in congestive failure woi’o most likely duo to anatomic changes in the 
muscle and, therefore, possessed no significance beyond a reflection of these 
anatomic changes. However, recent studies on electrolytes and water, connec- 
tive tissue, fat, and other constituents of the heart indicate most clearly that 
the pronounced loss of creatine in myocardial failure cannot be explained upon 
that basis. There is a much greater per cent decrease in the concentration of 
creatine than can be c.xplained upon any basis, c.xcept that part of the creatine 
has been lost from cells that arc still I’etaining their identity insofar as the 
electrolyte pattern is concerned. In our e.xpcricnce, we are led to believe that 
a considerable part of the electrolyte changes occurring in failing hearts may 
be due to the intracellular disturbances in the phosphorus compounds, notably 
pliosphoereatine and adenylpyrophosphate, with a concomitant extracellular 
edema or possibly a diffusion of extracellular electrolytes and water into the 
cells. As pointed out h,v Hastings and his collaborators,'' the present evidence 
permits cither interpretation of tlie observed facts. 

There is now evidence to indicate that simple cardiac hypertrophy is not 
lespoii.sible for the chemical changes observed in failing hearts. On the con- 
lian-, there apjiears to be an increase in the creatine content of the lieart, and 
of other intracellular constituents, at least until a marked degree of hypor- 
tiophy has been attained. These changes may be due largely to an increase 
m the intracellular phase without a parallel increase in extracellular phase. 

It should he stressed that the chemical events which we Jiave observed in 
loilure and e.xperimental aortic insufficiency are those wliich have 
0 been found to occur experimentally in cardiac and voluntary muscle as a 
Wsu t of anoxemia and fatigue. These aspects of chemical heart failure have 
reen discussed in considerable detail by Herrmann and his co-workers. The 
0 c of hypertrophy in effecting a possible deleterious influence on tlie blood 
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supply and gaseous and nutritional exchange of the heart has been the subject 
of numerous experimental studies by Koberts, Wearn, and BadaV^ Herrmann 
and collaborators^” and others. 


At the present time tJiere appears to be no specific application of our knowl- 
edge of the chemistry of the lieart •which can be applied to the treatment of 
myocardial insufficiency. Nevertheless, tlierc is a definite relationship between 
the chemical events in the lieart and the therapy applied to congestive failure. 
Let us visualize the chemical sy.stem in the heart as a series of reactions designed 
to transfer energy from the .substances carried to the muscle into mechanical 
energy of contraction. The ability of the heart at any given time to contract 
•null depend upon the summated result of all the factors that contribute this 
energjr versus all those factors which lend to dissipate, consume, or interfere 
with the production. So far as wc know at the present time, phosphocreatinc 
and adenylpyrophosphate are the two substances most closely associated with 
the final stage in the transfer of chemical energy to mechanical energy. To 
build up this final reaction to its highest level, the internist is, therefore, inter- 
ested in accomplishing two objectives; increasing the rate at which energy 's 
made available and decreasing the demands upon the system. In other wor s, 
we are interested in maintaining the optimum concentration of phosphocreatinc 
and adenylpyrophosphate and yet having it supplying energy at an adequate 
rate, with the least possible dissipation. In the compensated heart the relatne 
rates of the reactions centering about the phosphocreatine-adenylpyi’opliosp oj 
system are such that energy input and energy expenditure are in equilibri’^"’ o 
a point where adequate amounts of phosphocreatinc and adenyIpyi’0P^'®^P^ 
are present. It is the task of the internist to maintain or improve the phjsio Ooi 
conditions which preserve this equilibrium. , 

At the present time most of the established methods of treating heait fan^^ 
are probably effective largely because they decrease the demands upon t le 
thus permitting the energy input to keep abreast of the 
most outstanding of these types of therapy are rest, digitalis, and 
of edema through regulation of the water and electrolyte balance. ^ 
may exert some direct beneficial effect upon the myocardium by remm mo 
fluid from that tissue, thereby accelerating the metabolic transfer. ^ P ^ 
direct action of digitalis upon the heart muscle still remains a su 
troversyL However, by overcoming tachycardia and irregularities o ^ ^ 
it may’’ decrease the expenditure of energy and increase the efficiency, 


desirable effect from a chemical viewpoint. j. 

While it is generally^ believed that the fundamental causes of 
tion may be attributed to increased demands upon the heart to pe 

and decreased ability to perform such work as a result of distur a 
4.; L,r nn means limit ua 1 


coronary circulation, these considerations should by no means ^ 
bilities of bolstering the heart action by measures directly gf the 

cardium. Attemyits have been made to increase the creatine con 
heart experimentally or to prevent its loss by its addition to pei^ 
but these measures have met with little or no success. ^ Simi ai 
increase the intracellular electrolytes of patients by feeding dipo as 
phate have likewise met with failure.^® Decherd and Herrmann 
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the effect of various amino acids on the creatine content of the perfused rabbit 
lieart. Only dl-alanino appeared to have an effect, and it seemed to act as a 
creatine-sparing substance. Glycine, glutamic acid, arginine, aspartic acid, 
methyl guanidine, and creatine had no such effect. Kalter'” administered glycine 
to patients with heart disease and reported a number of cases in which it ap- 
parently exerted a hencflcial effect. Herrmann and Decherd’" have also reported 
some eases in which the administration of glycine appeared to have encouraging 
effects. Such studies are difficult to control, and the interpretations should be 
very cautions, due to the variability of such patients even without therapy. 

The experimental finding that adenylpyrophospliate suffers a severe loss 
in anoxemia and fatigue,® and in late aortic insufficiency,^* and that there is a 
decrease in the extractive purine content of the human heart in myocardial 
failure®' suggests that disturbances in the metabolism of this compound may be 
of considerable significance. According to Lohmann ’s reaction : 

2 creatine plus ATP vi 2 phosphoercatine plus adenylic acid 

pliosphocreatino and adenylpyrophospliate exist in muscle in equilibrium with 
one another, the phosphoereatine acting as a donor of phosphate to maintain the 
nucleotide in a full state of phosphorylation at times when the transfer of phos- 
pliate from phosphopyruvic acid is inadequate. In the failing heart this 
mechanism may not suffice and tliere would be not only the depletion of the two 
compounds, but also the probability that a considerable part of the free adenylic 
acid would be deaminized to inosinie acid and thus removed from the system 
until reamination could bo effected. It would appear timt this problem should be 
investigated, and if this deamination does occur, it miglit prove of great value 
to learn more about tlie meclianism of reamination of inosinie acid to adenylic 
acid, and the effect of amino acids and other compounds upon this reamination. 
At present this is purely speculative and must await e.\porimental investigation. 

Finally let us emphasize that a decompensated heart, though it may be 
rendered capable of performing a limited amount of work sufficient to maintain 
the patient in a state of rest, cannot be considered to have recovered, from a 
chemical point of view, until a complete restitution of the chemical mechanism 
has been effected. Chemical deficiencies of the myocardium associated with, or 
lesulting from, myocardial insufficiency must certainly constitute limiting fac- 
tors in the process of recovery. 

The chemical substances discussed in this paper by no means encompass the 
whole realm of possibilities. The number and variety of compounds concerned 
with the metabolism of the heart are constantly expanding, and new facts arc 
omg uncovered which throw light upon the question of how carbohydrates, 
fats, and proteins, their intermediate products, both in aerobic and anaerobic 
conditions, supply the energj' of contraction. It is indeed possible that some- 
wierc along the way wo sliall uncover information leading to a direct attack 
upon the complex problem of myocardial failure. 
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KIDNEY PARENCHYMA. CIRCULATING BLOOD PLASMA, AND 
TISSUE FLUIDS IN DIURESIS^ 


George Herrmann, j\LD., Galveston, Texas 


T here has been an increasing interest lately in the problems of tlie ap- 
pearance of edema and of its dissipation by therapeutic measures. The 
development of new agents and of combinations of diuretics based on modern 
conceptions of different points and modes of action of the various types of 
drugs has l)een responsible for much progi’ess in this field. On the European 
continent an agent is considered as a diuretic only when it increases the 
urinary output to the extent that there is a gross decrease in the body weight. 
Under the influence of Addis, ^ in this country we are content to speak of a 
diuresis when, as a result of the exhibition of a given therapeutic measure, 
there is a rise in the urinary output from less than 1 c.c. to 3 c.c. or more per 
minute, an increase of at least 100 per cent. The urinary output rises some- 
times as high as S to 10 c.c. per minute at the height of the drug effect. How- 
ever, a full explanation of exactly how diin*esis is produced is not yet forth- 
coming. Nonnenbvuch^ has discussed exhaustively a great number of the 
theories of water metabolism and diuresi.s, certainly many of which are still 
quite abstruse. A tremendous amount of research, experimental and clinical 
investigation, has been vigorously pursued in these fields in many attempts 
to establish the mode of action of diuretics. 

Our clinical studie.s^ prosecuted during the past decade with mercurial and 
Xfiiithine diuretics and combinations of the two drugs have yielded some in- 
teresting theoretical as well as practical information. The comparison of 
diuretics is a simple subject about which much has been written, while the 
theory of diuresis is complex and justifies further discussion. Clinicians must 
uot lose sight of the fact that a great volume of work has been done in each 
chapter and each subchapter of water and salt exchange. The phases touched 
upon have been numerous. Studies have encompassed water intoxication; 
the extrarenal .storage and relinquishment of fluids and electrolytes; the 
surrender of water by the interstitial tissues; the role of the tissues; the role 
of the liver; the water and salt balance; the water passage through the tis- 
sues; the genesis and significance of tissue edema; water retention and 
diure.sis effected hy sodium chloride; the plasma volume, electrolyte con- 
centration; albumin and globulin levels and ratios and colloid osmotic pres- 
sure and viscosity; possible effects of water, mercurials, and xanthines on 
electrolyte and plasma pi'otein balances; the role of the cainllary walls and 
uffi'aca])illnry blood pressure; tissue fluid pressxires versus colloidal osmotic 
pt essur e ; the circulation and kidney function; systemic Idood, venous, capil- 
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lary, and glomerular pressures and blood floB' as factors, in diuresis ; the Wood 
constituents in relation to renal function: the kidneys functioning as the 
excretory organ. Many other questions have been studied. Literally hnn- 
dreds of investigators have attacked these problems and sought to ehiAte 
the complicated mechanisms. Unfortunately, much of the conflicting older 
experimental data had been obtained from studies on rabbits, Bahhitshare 
been known to be notoriously snsceptilde to confusing nervous shifts in physi- 
ologic processes. Most of the diuretic experimental work must, therefore, k 
verified on large dogs before it can be accepted. 


ANATOMICAL KIDNEY UNIT AND ITS PHYSIOLOGIC RELATIONSHIPS^'' 


Into the uppermost end of each of one and one-half millions plus nephron 
tubules, afferent arterioles coil into an expansive network, invaginating the 
delicate epithelial Ja.ver of Bowman ’.s capsule forming the broad filtration 
surface of the glomerular tuft. The surface area of the glomerular capillary 
bed is calculated to be about 1,000,000 square millimeters. Of similar impor- 
tance is the anatomic fact that the efferent arteriole from each glometnlns 
follows the renal unit pattern and breaks up into a capillary bed hr iutiraate 
contact with the continuation of the nephron, the epithelial-lined proximal 
and distal convoluted tubules. Some fc\v direct vessels to the tubular ple.uista 
have been found by^ MacNider to be present in diseased kidneys. Through 
these units the blood is brought into contact with the epithelial cells of a 
semiperineable membrane. The cardiovascular renal system tends to main- 
tain <1 remarkable constancy in the general bodily milieu or homeostasis, fcome 
water and some salts are eliminated to maintain the osmotic balance aw ^ 
acid-base equilibrium, and the nitrogenous rvaste products are removed r® 
the blood and discharged from tlie body. Glomerular filtration and actne 
tuliular reabsoriitiou arc now generally considered to be most significant 
tors in the maintenance of normal water and salt exchange. A consider > ^ 
of the anatomy, and particularly' of the blood supply of the nepln'on, nia'cs 
obvious that when the glomerulus fails in function, the tubule folloiis si 
closely. 


THEORIES OF KIDNEY FUNCTION^'®’ 

* ft 1 

The theories of kidney function have undergone changes sme 
Bowman postulated that water ivas secreted by the glomenilar tuff 
the uriniferons products were secreted by the tubular epitheliiuu, 
the water, and collected by the duets as the urine. Lndu'ig in 184 
that production of urine consisted in the mechanical filtration o f gf 
free solute through the glomerular membrane and reabsorption by i 
some salts and water. In 1874 Heidenhain revived the 
theory', adding that in addition to rvater, chlorides were selecte 
.by the glomerular epithelium, while organic nitrogenous waste sum 
dy'-es were secreted by the lining cells of the tubules. ^ ^ solud®^' 

Barcroft and Straub^'’ in 1910 replaced blood plasma with fjyotigl' 

retaining the red blood cells to insure oxygenation, and perfuse ^ j,; 5 f 

intact kidneym with the production of an augmented urine flon m 
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in blood pressure. Kiiowlton in 1911 found that the addition of a colloid as 
gum acacia to the plasmapheresed erythrocyte .solution or to a hypertonic 
glucose or saline .solution introduced intravenoiLsly prevented a diuresis. 
Cohnheiiii in 1912 denionsf rated that glomerular inenibrane cells had no 
selective secretory function, for if the body ivas deprived of salt, sodium 
chloride still appeared in the glomerular filtrate and had to be conserved by 
tubular reabsorption. 

Cuslmy in 1917 conceived of a purely physical glomerular ultrafiltration 
and a nonvital selective diffusion tubular reabsorption. The plasma protein- 
free glomerular filtrate was postulated to be identical in electroljde composi- 
tion with plasma, contained water, salts, particularly sodium chloride, and 
also urea, uric acids, amino acids, creatinine, creatine, and glucose. AVhile the 
tubular epithelium permitted diffusion through it of those threshold substances 
useful in the body economy and in maintaining water balance, there were re- 
claimed by tubular reabsorption all of the glucose, amino acids, and some 
of the salts and water. Cushny vehemently opposed every suggestion of 
tubular e.Yeretion. 

Starling, as early as 1899, demonstrated the osmotic pressure of blood 
colloids to be 30 mm. Hg by preparing a filtrate of blood plasma through 
a gelatin filter, and with Verney in 1924, he added to Cushny ’s conception 
the theory of tubular secretion of dyes and urea, later confirmed by Hober 
and Jlarshall in 1930. Richards between 1910 and 1924, and his students 
between 1924 and 1938, bj’ capsular and tubular microcatbeterization proved 
the glomerular filtrate theory of Cushny ’s to hold and the actual specific 
reabsorption of various substances by the proximal and others by the distal 
convoluted tubules. 

Rehberg in 1926 agreed to the glomerular filtration of a dilute dialysate 
of the blood plasma, but he too would endow the tubular epithelium with 
power of discrimination in reabsorption. He considered a substance threshold 
only if the percentage in reabsorbed fluid, under certain conditions, was 
higher than in the blood. Creatinine alone he accepted as entirely a waste 
totally nonthreshold substance, with phos]>hates, calcium, and sulfates as 
pos.sibly so. 

Homer AV. Smith and associates, particularly Shannon in 1935, demon- 
strated the fact that creatinine was not an absolute inde.x of glomerular 
filtration, but was aiiparently added by the tubular epithelial cells. In ad- 
dition, urea, d 3 ’es as phenol red, and organic iodine preparations as hippuran, 
diodrast, shiodan, opax have been proved to be added b\' tubular excretion. 
D-xylose, raffinose, sucrose, and iiiulin iverc found to be the best indicators 
of glomerular filtration. The current theory generally accepted considers 
the glomerular fluid to be a simple filtrate of the blood plasma minus the 
serum proteins and fats similar to that passed through a gelatin filter from 
a colloid salt solution. The human tubular epithelium then enters into active 
selective reabsorption of water and substances to be conserved and probably' 
adds to the concentrate urea, creatinine dyes, and organic iodide compounds. 

Any consideration of the functions of the kidney must be concerned with 
the multiple extrarenal factors, blood plasma, electrolytes, nitrogenous waste. 
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colloids, intravascular and tissue pressures. Excretion of urine has been 
stopped Avhen pressure in the ureter was raised to about 90 mm. Hg, with the 
blood pressure of 130 inni. Hg giving a differential pressure of about 40 mm. 
Hg. Dilution of tlie colloids in the plasma by adding urea, ammonium or 
potassium chloride or nitrate by mouth, or hypertonic glucose or injection of 
inert sugars and salt solutions by vein, draws water and salt from the tissues, 
lowers the pressure of the colloids, and inaugurates increased filtration and 
urine output. Changes in the circulation as congestive failure with anoxemia 
and in acute shock have been observed to produce oliguria or anuria. AVatev 
balance disturbances by dehydration by diarrhea, vomiting, or sweating de- 
crease the urinary output consideimbly. 


SIGNIFICANT CHEMICAL CONSTITUENTS OF BLOOD AND URINE 

The blood plasma and dilute and concentrated urine content of the more 
common substances are of interest. For instance, the water percentages for 
blood plasma are 90 to 93 per cent as contiusted with 93 and 95 per cent for 
dilute and concentrated urine ; the chlorides 0.370 Gm. per cent as contrasted 
with about 0.500 and 2,000 Gm. per cent ; urea 0.030 Gm. per cent as contrasted 

with 2,000 and 6,000 Gm. per cent; uric acid 0.004 Gm. per cent as contrasted 

with 0.050 and 0.120 Gm. per cent; ci’eatinine 0.001 Gm. per cent as contrasted 

with 0.075 and 0.750 Gm. per cent. Creatinine and creatine are related to the 

muscular development and are constant for the individual, hence only the per 
eentages shift. Ammonia is increased with increased acidity of the 
a high protein diet increases urine acidity' and ammonia and unideut a 
rest nitrogen. Ammonia increases also with nitrogen intake. Undetermine 
rest nitrogen amounts to between 2 and 12 per cent. A liigh protein inta’C 
of 100 Gm. per da.v yields a nitrogen outjiut of 14 to 16 Gm., of which “ 
90 per cent is urea. A low protein diet of 30 to 40 Gm. y'ields 4 Gm., of w 
60 to 70 per cent is urea. 

The inorganic salt metabolism and acid-base equilibrium concern c ic^. 
sodium chloride as sodium and as chloride. Potassium, calcium, nuagnes 
carbonic acid, phosphates, and sulfates are of some significance, while 
zinc, and foreign substances as thiosulfates and sulfocyanates play ''Sh' 
roles. The sulfates though likewise unimportant are found in inorganic 
organic acids, protein amino acid, cystine, cy'steine, and neutral sulfm- 
ing to Gamble, the bases in milliequivalents per liter as Na 142, K J, ^ ^ 

Mg 3, a total of 155, are balanced against the acid total of 155 made up o 
27, Cl 103, HPO4 2, SO4 1, organic acids 6, and protein 16. 

The great reservoir of body' water is the intracellular fluid; it i^P 


about 50 per cent of the body' weight. The intracellular fluid j^. 

chief basic ion potassium and as its chief acid ions organic phosphates. 
terstitial fluid makes up only' 15 per cent of the body weight aud i 
sodiiim is its chief basic ion and chlorides constitute its chief aci 1 j 
interstitial fluid is more easily' mobilized. The blood plasma amoim s 
per cent of the body' weight but it is most active in water metabo ism 
gents evidence of xmiy delicately controlled acid-base and electio y 



HERRMANN: KIDNEY PARENCHYMA, BLOOD PLASMA IN DIURESIS 


215 


CIRCULATING BLOOD PLASMA 

The kidney has two important functions to perform. It must regulate the 
salt and water exchanges so as to keep the osmotic pressure of the blood 
constant in addition to removal of the nonvolatile, nonprotein nitrogenous 
waste products of protein metabolism. The normal circulating blood plasma 
exhibits a delicate balance of electrolytes and colloids in equilibrium with 
those of the fluids of the interstitial tissues. A balance is normally established 
between the extruding intravascular blood pressure and the in-sucking os- 
motic pressure of blood colloids. 

Blood plasma proteins are retained by the normal semipermeable glomeru- 
lar membrane, while water and electrolytes filter through into Bowanan’s 
capsule in equimolar concentrations. The dilute glomerular filtrate is con- 
centrated a hundred fold as the water, glucose, and some of the other con- 
stituents pass back through the epithelium of the convoluted tubules and the 
loop of Ilenle and through the walls of the distal capillary bed into the circu- 
lation. The increase in circulating blood plasma volume per se does not in- 
crease the urinary outflow. 

Regulation of the kidney function by changes in the make-up of the blood 
has been demonstrated following electrolyte and colloid shifts. These slight 
changes in the blood plasma have been found promptly balanced by greater 
shifts of electrolytes and water from the interstitial tissues. Normal urinary 
constituents and other acid salts have been used to cause an increase of the 
plasma electrolytes to upset the electrolyte equilibrium and inaugurate an 
inflow from the tissues which in turn precipitates an increased urinary output. 

CIRCULATORY FACTORS IN KIDNEY FUNCTION 

Normal kidney units require an active adequate circulation as well as 
an expansive capillary bed in order to provide a sufficient filtration volume 
area. At the same time, however, there is a good deal of evidence that some- 
thing more than physical processes is going on in the kidneys. Work is 
actually accomplished. Oxygen is utilized in renal metabolism, hippuric acid 
IS synthesized from glycine and benzoic acid, and ammonia is formed. Utiliza- 
tion of oxygen by the isolated kidney in considerable amount with carbon 
dioxide formation has been demonstrated experimentally in the blood and by 
Rucroanalyses. Oxygen consumption by the isolated kidney is considerably 
greater under conditions of increased activity. This has not been demon- 
•strated in human beings. In fact, the ingestion of large amounts of fluid by 
normal individuals has been found by continental physiologists to produce a 
diuresis without a demonstrable increase in the general oxygen consumption. 
The forced fluid intake results in an increase in the minute output of the 
heart by an increase in the stroke volume with actually a decrease in the 
pulse rate and in the venous pressure and only a slight rise in the arterial 
idood pressure. 



system and seems to be of the utmost importance in maintaining the 
ooiistaney of blood plasma composition. The kidneys, by virtue of the 
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tremendous blood flow through them, constitute one of the four most vital 
capillary systems of the body. The vascular and renal systems are physiolog- 
ically" interdependent, the kidneys, perhaps playing the major role, but re- 
quiring nevertheless for this the maintenance of a quarter of the normal 
total blood flow. Jii the kidney, constriction of the afferent or the efferent 
arterioles of the glomerular tufts is jiossible and may affect the function 
oppositely. 


In congestive failure of tlie circulation venous stasis increases the outfloiv 
from the increased volume blood plasma of water and salt into the tissue- 
interstices. There are several other factors besides retention of salt and 
water in the tissues at work in causing oliguria. A decreased filtration 
through the glomerulus results from intraglomerular capillary pressure de- 
crease with the usual fall in the systolic arterial pressure, in spite of tk 
increased blood volume and the usually decreased blood colloid oncotic pres- 
sure. Tubular reabsorption remaining normal, the water content of fk 
circulating blood increases. The general circulation may be improved hy 
cardiac tonics and other measures, and diuresis results. The local circulation 
through the glomerular eapiilai-y tuft of the kidney may be influenced hy 
drugs to dilate proximally or distally, or to contract likewise and iu such 
changes of blood flow affect filtration or reabsorption. 

Diuretic drugs, by changing tlie glomerular blood flow, upset the electro- 
lyte balance^ of the blood plasma. This change seems to command a rapW 
mobilization of salts, and secondarily, fluids from the tissues, and transport to 
the kidney for excretion in a diuresis. The accmnulated abnormal amounts of 
water and salts in the tissue interstices, the edema of the failing eii'culation, 
is thus dissipated. In the treatment of heart failure cases vlth oliguria tie 
cardiac glucosides as digitalis improve tlie myocardial tone and thecircua 


tion thus evidently indirectly increasing the urinary output. 

The primary regulation of kidney function hy circulatory shifts per 
has been repeatedly" denied. Exj)erimentally diuresis has been inaugma e^ 
and suspended until the maintenance of a constant blood pressuie 
■pulse pressure change in the circulation may" be the chief influence mm 
ing kidney" function. Nonnenbruch felt that the filtration tlieoiy o re^^^ 
function has exaggerated the significance of circulatory" changes 
of arterial, capillary", and venous lilood pressures on salt and ater a 
He admitted that the abnormally" high susceptibility of the renal ar 
to stimulation might result in contraction or dilatation, hut this has no 
proved experinienally" as a significant factor in urine 
studies on the capillary" bed in general physiology" have revealed s 
dependence of the capillary" flow of the size and of the tension in 
The status of the capillary" bed, as a whole, may be significant. 
treme limits the capillary flow must undoubtedly affect tu’inary on 

The effect of heat on the kidney", and particularly" on its 
interested clinicians who have accomplished an increase in le- 

witli diathermy in patients with anuria. Denervated kidneys a 
sponded in the same way. Cold did not produce exactly the oppo 
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It seems that the effects are the results of reflexes. These reflexes in the case 
of heat, it is stated, do not result in increased circulation and yet there was 
increased urinary flow. In acute nephritis the high blood pressure is as- 
sociated with oliguria and lower levels with increased urinary flow. 

Thex'e may be quite a group of other variable factors effective in chang- 
ing urinary flow, yet diuresis is not independent of an increased renal blood 
flow ; in fact it needs it. The two go hand in hand, but we may have increased 
flow without diuresis, and diuresis without increased blood flow may be the 
result of the increased excretion of salts and water or decreased reabsorption. 
Chemical influences may cause a dilatation of the afferent or efferent glomeru- 
lar arteriole and allow increased circulation or a constriction of the same with 
0 ])posite effects. Frequently a prompt increase in the blood flow through the 
kidney is the primary response in its complicated activity. 

INTERSTITIAL TISSUICS 

In order to explain the relativel}’- ametabolic gross changes represented in 
water and salt shifts, the vastness of the capillary bed in the interstitial tis- 
sues all over the body, as well as in the kidney, must be taken into account. 
Krogh^ has estimated a capillary system of 10,000 meters in length and 63,000 
square meters in surface area. In such a system the rapid exchange back 
and forth between the important electrolytes and fluids in the intercellular tis- 
sues and the blood plasma may easily be visualized as taking place rapidly 
ns purely physical phenomena. Anoxemia or injury of the capillary wall of 
a significant segment of the system would cause edema formation. It has 
been estimated that the water content of the plasma changes about a hundred 
times a day, and that the whole water mass circulates throughout the body 
and makes a complete circuit probably six times each day. 

The interstitial tissues and connective tissues form a very large extra- 
cellular reservoir or depot for the body fluids, salts, and other constituents. 
The capillary walls are single-cell seinipermeable membranes through which 
water and electrolytes seem to pass back and forth freely. The colloid scrum 
proteins, on the other hand, arc held back completely in the normal glo- 
merulus. It is evident, however, from Calvin’s data on the blood plasma pro- 
tom shifts during diuresis and following hydremic plethora, that in some areas 
the capillary walls permit the passage of serum proteins out of the tis.sno 
spaces into the blood plasma. The general rich capillary distrilxution makes 
possil)lc the maintenance of equilibrium with relatively prompt return to the 
constancy of the blood plasma volume and its constituents. 

NERVOUS AND HORMONE FACTORS' 

Augioneiu’otic edema, allergic effusion, diabetes insipidus and its con- 
trol with pitressin, myxedema, and desoxycorticosteronc plethora are evi- 
dences that the nervous .system and the glands of internal secretion play im- 
portant, albeit largely unexplained, roles in water metabolism. Studies of 
the antidiuretic effect of pitressin in patients with diabetes insipidus indicate 
tliat the hormone pitressin acts directly on the kidney in some still rather 
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obscure way which is not related to the blood flow. At the same time there 
is following injection of pitressin much interstitial tissue effect which can- 
not as yet be elucidated. 

Diabetes insipidus may result from injury to the posterior lobe of the 
pituitary or the hypothalamic region and tissues of the niidbrain or the dien- 
cephalon. I'he posterior pituitary body is apparently linked physiologically 
with the great nuclear nerve origins as the vasomotor and other significant 
vegetative centers in the dieneephalon. These centers are all susceptible to 
nervous humoral and hormonal stimulation. There is no proof that there is 
a decrease in pitressin in the blood stream to cause the thirst and diuresis of 
diabetes insipidus. The antidiuretic effect of pitressin persists in spite of 
the continued ingestion of large volumes of water and the addition of vaso- 
dilating drugs. The reported findings of abnormalities in the cells of the 
anterior lobe of the pituitary following diuresis and the apparent dehydrat- 
ing effect of thyroxin have suggested the possibility of an anterior pituitarj' 
thyrotropic hormone disorder in myxedema. 

The relatively'' recently discovered sodium, potassium, and plasma water 
balance disturbances in Addison’s disease cases indicate that the adrenal cor- 
tical hormone is a significant factor in salt and water metabolism. The strik- 
ing water storage effect of the synthetic hormone desoxycorticosterone is a 
fact that invites further investigations. 

It is thus evident that the problems of water balance and water metabo- 
lism, edema formation, and diuresis have been extensively studied from almost 
every conceivable point of view.*- Water intake, urinary output, bloo 
plasma volume, and tissue fluid pressures have been shown to be most sig 
nificantly concerned. In absolute water metabolism a delicate weighing 'S 
necessary to take into account the water that is lost in insensible 
tion, in exhaled air, and in the stools. Shifts in the individuals body' 
as determined by ordinary balances may record grossly' the dissipation o 
tissue edema, but the measured output of fluids through the kidney is 
chief clinical index we have used. Normally' the whole process from a sorp^ 
tion of fluid through the gut, transport through the tissues and in the 
plasma to the kidneys, takes place without significant changes in t e i 
circulation time, volume, or pressures. 

OUR STUDIES^” ^ 

Rehberg’s*'* creatinine clearance method was used at fiist in ° 
oratory in our studies of the mechanisms of diuresis by various 
in patients with congestive heart failure and edema. In spite o 
Monaghan’s support, we were influenced by Shannon*® and Smith to 
also D-xylose and inulin clearances before and after the injection o ni^^ 
and xanthine diuretics and digitalis glucosides. We have recor e 
comitant effects of drugs upon the blood plasma, electrolytes, an co 
urine v'olume and constituents, and the calculated renal glonieni ai^ jj^ary 
and tubular reabsorption. The evidence we obtained pointe o ^ 
effect directly upon the kidney units of the diuretic ^ possibk 

in clinical medicine. The xanthines increased glomerular ra ; 
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by afferent vasodilatation, and the mercurials decreased tubular reabsorptioii, 
possibly by efferent vasoconstriction or mild toxic decrease in permeability 
of the tubular epithelial cells. The possible pharmacodynamic renal effects 
were held responsible for slight but sudden and significant primary upsets 
in the very delicate electrolyte and colloid pressure balance in the blood 
plasma. Such slight shifts in turn, it was postulated, were promptly overcom- 
pensatecl for from the depots in the tissues in which there was edema. Salt, 
water, and proteins were drawn into the circulation. Electrolytes and fluid 
were then transported to the kidneys for excretion. A striking augmentation 
of the diuresis could routinely be produced by a combination of the two types 
of diuretics, and the clearance studies revealed combined effects with usually 
the mercurial effects, namely, decreased tubular rcabsorption predominating. 
The tremendously augmented diuresis may not alwas's be an unmixed bless- 
ing. This will he discussed more fully under the blood volume studies ivhich 
contribute further argument. 

SODIUM AND CHLORIDE STUDIES 

The effect of mercurials, particularly salyrgan, upon sodium and chloride 
e-xcretion and ratios has been recently rcstiidied by several observers. Vol- 
hard’s pupil, 'Weingarten,*® in support of the importance of the tissue salt 
and water status, so aptly designated “Vornicre” by his chief, held as in- 
disputable the hydropigenous property of tlfe chloride ion. 

Bua,” after the effects of salyrgan in diabetes insipidus, concluded that 
the presence of chlorine was the sine qua non requirement for the diuretic 
action of organic mercury salts. Simmert,'® observing the effect of diuresis 
produced by organic mercurial in patients with and without edema, found 
increases in the sodium chloride (determined also as chlorine) with con- 
comitant rises in blood plasma sodium chloride (determined also as chlorine) 
along with decreases in hemoglobin and erythrocytes. Hitzenberger and 
finglcmann’'’ noted in salyrgan diuresis augmentation of excretion of many 
inorganic and organic substances, bnt particularly of sodium chloride. 

The sodium ion, however, was incriminated in tissue fluid retention by 
Presser and Stahl.““ These investigators found that the edema-producing 
effect of sodium could be set aside by a balanced combination of potassium, 
calcium and magnesium ions. This is the basis for the development of sub- 
stitute for table salt for edematous patients. Bruman and Jenny^' established 
good correlation between sodium excretion and the urinary output. Siedek 
and ZuekerkandB- demonstrated greater retention of sodium than of chlorine 
111 the edema fluid and transudates in the pleura and peritoneum in congestive 
heart failure patients. In diiire.sis of such edematous cardiac patients there 
appeared in the dinresate a conspicuous excess of sodium over chlorine. 

In an attempt to elicit the initiating factors, and those at work during the 
first five to six hours of diuresis, Decherd’ determined the urinaiy Na/Cl 
ratios before, hourly during, and as a follow-up, each twenty-four hours 
for several days after each of 25 diuretic experiments with aminophyllin, 
merciipuvin, and salyrgan. The blood soditim remained fixed, hut the urinary 
sodium conspicuously increased, usunllj’ not in the tremendous proportions 
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of the chlorine excretion, so that the Na/Cl ratios as a. rule decreased. Oc- 
casionally, however, the reverse was noted and the Na/Cl ratio increased. 
In these studies neither the mercurials nor the xanthines showed consistent 
or characteristic effects on the Na/Cl ratio. 

If the volume of urine, with its contained sodium and chloride, passed 
during the control hours, was subtracted from the corresponding figures 
after injection of the diuretic, a fair approximation of the excess of these 
substances mobilized from the tissues during diuresis was obtained. By as- 
suming the edema fluid to be an ultrafiltrate of blood plasma, the excess 
amount of sodium and chloride that should be excreted, with the excess urine 
excretion of the same composition as the tissue fluid, was calculated. The 
values for sodium determined on this basis shoived a good agreement with 
those actually found, while the actual excretion of chloride was in most in- 
stances greatly in excess of the calculated values. 

DLOOD SERUM PROTEIN STUDIES 

Slially,^^ after some confirmatory physiochemical studies, accepted the 
conclusion of Nonnenliruch and others that changes in the colloid osmotic 
pressure did not explain the movements of xvater in diuresis. However, he 
found an absolute and relative increase in the albumin fraction, lowered and 
unchanged globulin, and a drop in fibrinogen at the onset of diuresis in all 
cases. He tried the effect of salyrgan on blood serum in vitro and concinded 
that in the concentration it appeared in the blood after injection salyrgan 
produced no change in the serum protein. He noted that at higher concentration 
there was flocculation. However, in this country, Bieter and Wrighfl aie 
demonstrated, with ultramicroscope, changes in the blood serum of patien s 
who had received therapeutic doses of salyrgan. _ , 

In recent studies in our department of biochemistry and in our a 
oratory for clinical research, Cahdn and Decherd““' have 
increases in the total circulating plasma protein, specifically albnrai'i- 
noted two different types of blood plasma volume changes following 
hibition of digoxin, aminophjdlin, and salyrgan intravenously m 
with congestive heart failure and edema. The rapidity of the shifts 0 
proteins into and later out of the circulation suggested that there mas 
some degree of back flow of proteins as well as salts and watei t lOUn 
capillary walls in some parts of the capillary bed, possibly in the nd- 

PLASMA VOLUME STUDIES 

Meyer-'’ postulated as the basis for diuresis a 
freeing effect upon the tissue colloids. The resulting hydremic ^ pf 

held to dilate the renal vascular bed and account for the actual ou p 
urine. A studj'^ of the blood plasma volume shifts, using the nm ^ 
method of Gregerson, Gibson, and Stead, and modified by Gibson Ipr 

with Evans blue dye 1824, seemed highly desirable. It 
us that D. B. Calvin, our biochemical experimentalist, had been v {]ic 

this method of blood volume determination for four or five yeais. of 

past year Calvin, together with Decherd, undertook laboratoi’j 
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the problems of diuresis in edematous congestive heart failure patients. In 
addition to establishment of the plasma volume shifts, the packed erythrocyte 
volumes, hemoglobin contents, albumin and total protein levels, as influenced 
by various diuretic agents, were detennined. 

The trends of plasma volume shifts seemed very definite. In a large 
series of experiments with the mcrenrial sah-rgan (2 c.e. of 10 per cent solu- 
tion) there was practically always a concentration in plasma volume that seemed 
to parallel diuresis. In two instances in which there was no diuresis and some- 
what delayed diuresis there seemed to be a tendency for the plasma volume to 
increase .slightly, but as soon as there was an increase in urinary flow there 
was a concomitant fall in the plasma volume. 

Comparable studies using aminophyllin ( 71/2 "v. or 0.5 6m.) intra- 
venously revealed a strikingly different plasma volume response. There was 
uniforml 3 - a con.spieuous earl.v rise in plasma volume. During the time of the 
most profuse diuresis there was a characteristic tendency for the plasma vol- 
ume to return toward the initial level. As the aminophyllin diuresis continued, 
there was a shift in plasma volume apparentlj’ dependent, in part at least, 
upon the balance established between ti.ssue fluid mobilization and urinary 
output. The end result was usuall.v a plasma volume lower than that initiallj' 
observed. 

Digoxin, 2 mg. intravenously, in patients in congestive heart failure caused 
a shift in plasma volume apparently according to the promptness and degree of 
mj-ocardial effect. 'When there was an immediate response, the plasma volume 
decreased sharply, as the satisfactory urinary output developed. When it was 
delayed, the plasma volume remained practically unchanged or increased 
slightl}', until diuresis was inaugurated at which time the plasma volume de- 
creased. Concomitant studies on the total circulating proteins indicate that 
there is a source of serum proteins, chiefly albumin, that is readih' available 
and that the serum proteins may be promptly stored in the tissues. 

COJIMENTS 

These most recent studies still leave mans' old cpiestions as to the funda- 
mental mechanisms of diuresis unansss'ered and open up some nesv ones. There 
IS, hoss'cs'cr, some further evidence of a significant difference of the actions 
of mercurial diuretics as contra.sted svith xanthine diuretics. The relatis'ely 
huge shifts in blood plasma volume following intravenous aminophyllin might 
account for some of the beneficent effects of such therapy in vascular disease. 
At the same time one might question the advisabilitj' of inducing such striking 
volume increases in patients with already abnormally high blood volumes and 
other evidences of congestive heart failure. In such cases repeated small injec- 
tions and aminoplndlin would seem to be more rational therapj'. This suggestion 
may well be superfluous and the result of ovci-solicitousncss, since no accidents 
indicative of such a mechanism have been recorded thus far. Then too, the 
combination drug, mercupurin, is much more often used in edematous cardiac 
patients, and under such circumstances the mercurial effect predoininate.s, and 
as with salyrgan in the presence of good, or even fair, renal function there is 
from the beginning a shrinkage in the blood plasma volume. 
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The newer and more accurate methods offer new avenues of approach to 
the relatively old fundamental problems of the modus operand! of dinretic.?.' 
The problems must, however, be vigorously prosecuted by every promising 
method to the end that the questions that have been raised by the survey of 
the subject may be answered. Tlie answers to the questions will help in the 
further rationalisation of diagnostic and therapeutic procedures. 
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THE FUNCTIONS OF THE CAUOTID AND AORTIC BODIES’ 


Carl F. Schmidt, M.D., Philadei.i’hia, Pa. 


T he functions of the carotid and aortic bodies have been covered by four 
reviews within the past year,'** and no striking discoveries have been 

made since the last of these was published. My justification for acceding to 
the request for another review at this time is the hope of adding something to 
the understanding of this special brancli of physiology by treating it from a 
different view'point, viz., that of the liistorical pei*spective of the subject, the 
persons involved, their reasons (as far as I know them) for doing what they 
did, and the influence of the various contributions on the development of the 
subject. This is not the least interesting and important part of this recent 
chapter in experimental medicine, and although some of the persons and factors 
involved have already been mentioned,^®® none of the existing reviews have been 
compiled so that a reader not familiar with the subject can trace its development. 

Prior to 1930 the functions of the carotid and aortic bodies were unknown. 
This was not a very serious lack because the only interest in these structures 
lay in the rare occurrence of a tumor of the carotid body and the still rarer 
performance of an investigation of the morphologv* and embryologj* of that 
tissue. Such studies^ left unsettled the question of whether the carotid body 
is a nen’ous stnicture (a ganglion or a paraganglion), a secreting gland of the 
chromaffin tj'pe, a peculiar cavernous vascular structure (a glomus), or some- 
thing else (simply a body). Numerous attempts bad been made to demonstrate 
a physiologically important secretion in the carotid body or in tumors arising 
from it, but none of these were very successful. 

The event that served to direct attention into productive channels was 
Hcring’.s discovery'® that the slowing of the pulse which had long been knowm 
to occur w’hen deep pressure is exerted in the neck is not due to mechanical 
stimulation of the cardioinhibitoiy fibers of the vagus, as had been supposed 
lor many years, but to stimulation of special receptors localized in the expanded 
region at the origin of the internal carotid arteiy. He called this the carotid 
sinjw, and the term has come into general use; it is perhaps noteworthy that 
Hcring’s original intention is said to have been to call it the carotid but 
be decided against this because of the previous existence of another bulbo (oculo) 
cardiac reflex. He found that the afferent pathway for tiiis new reflex is the 
irst (pharjTigeal) branch of the glossopharv'ngcal nerve (now called the sinus, 
mtercarotid, or Hering’s nerve) and that the reflex consists not only of cardiac 
in libition but also of decreased vasomotor activity, so that it is completely 
analogous to the depressor reflex from the aorta described sixty years earlier by 
niciwig and Cyon. The two carotid sinus nerves and the two depressor nerves 
Mere found by Ilering to constitute a functional unit, any two, or, given 
time, even one, of the four being capable of carrying on an adequate 

Erom the Laboratorj* of Pharmacology, University of Penn.Q>'Ivania. 
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degree o^ functional activity; but wlien all are cut, heart and vasomotor center 
liecome excessively active and persistent tachycardia and iiypertension result. 
Because the influence of these reflexes is to restrain the heart and the vasomotor 
center, Ilering called the four nerves which carry them the "Blutdruckziigler,’' 
or check reins of blood pressure. Subsequent workers have called them the 
“Nerfs Prenateurs” (Heymans) and the “buffer nerves” (Samson "Wright), 
implying the same sort of moderator activity. It is noteworthy, however, that 
since these nerves are now known to carry other impulses which are stimulant, 
these descriptive terms, -while -svidely used, are not strictly accurate. 


The work of Tiering introduced a ne-w element into discussions of the regula- 
tion of the circulation. It attracted widespread attention because it presented 
a new viewpoint and opened a vista of possibilities previously unknomi. Thus, 
the conception that the vasomotor center possesses a high intrinsic “tone” and 
is kept from producing maximal vasoconstriction only by afferent inhihitory 
nerve impulses aroused in special stretch receptors in the carotid sinuses and 
aortic arch has obvious implications to sustained hypertension or hypotension, 
syncope, and other clinical problems.®-* The conception that the cardioinhibitorj 
center is activated, not by changes in the pressure or volume of flow of hlood 
through it, but solely by these same afferent nerve impulses, has important im- 
plications with regard to the mode of regulation of the activity of neive cells, 
wdiieh is one of the most important questions in all physiology. The technica 
difficulties involved in experiments such as those of Hering proved, hove^e^, 
to be considerably greater than was anticipated, and for several years no sig 
nificant progress was made. , . 

During this time J. F. Heymans, Professor of Pharmacology ia 
versity of Ghent, and his son Corneille were engaged in an investigation 
various physiologic problems by means of the crossed-circulation technique. 
one remarkable set of experiments®® they found that the respiratory 
of the head of a dog — entirely separated from the trunk save for t 
depressor nerves and kept alive by anastomosis into the auaotid- jugular 
tion of a donor animal — could be depressed by a rise and stimulate j n 
in blood pressiu’e in the trunk of the animal, and could be 
asphjrxia, anoxemia, or hypercarbia, depressed by overventilation oi 
oxygenation of the blood in the trunk. The reflex nature of these p icn 
was provmd by their absence when the vagodepressor nerves were cu^ 
further refinements and amplifications of their technique, ® 
the reflexes responsible arise from the aortic arch. Thej’’ conclu e 
reflexes are a factor of importance in the control of respiration. 

The report of these studies was published in 1927. Meanwhile Da^ 
and his co-workers in Bucharest,® stimulated by Hering ’s discovery , la^^^ 
out a number of experiments on dogs and human beings and ha 
reflexes from the carotid sinuses can affect respiration as well as ^ 

They claimed that reflexes can also be aroused here by chemical agen s 
carbon dioxide tension) as well as by changes in pressure, a 0 ^ g^j^enc® 
described respiratory effects from the carotid sinus. The expeiimen ^ , jg^lv 

- theyundo^^^^^^. 


presented by these workers wms not very impressive, and while . 
antedated Heymans in calling attention to the existence of respna 0 
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from the carotid sinus region, their work might have had little influence upon 
subsequent events had it not ecme at a time when J. F. Heymans and C. Hey- 
mans had just finished the studies from which they concluded that reflexes from 
the aorta, aroused by changes in pressure or chemical composition of the blood, 
constitute an important and hitherto unrecognized factor in the control of 
respiration. The statements claiming a similar, though loss well-defined, func- 
tion for carotid reflexes therefore constituted a challenge to the Belgian workers 
which the latter were not slow to accept. It is notcwortln' that Heymans, whose 
name is now inseparably linked with the carotid sinus as one of its most effective 
advocates and who was awarded the 1938 Nobel Prize in Physiology* and jMedi- 
cine in , recognition of his contributions to better understanding of the part 
played by these reflexes in the control of respiration and the influence of drugs 
upon it, began his work in that field in hopes of disproving the things he sub- 
sequently proved. Incidentally, a similar motive has activated a large propor- 
tion of the others (including myself) who have followed Hej'mans in investigat- 
ing carotid reflexes to respiration. 

During the same peidod de Castro,’ in Cajal’s laboratory in JIadrid, was 
carrying out a series of morphologic studies of the nerve structures involved 
in this new reflex of Hering. He found that nerv-e endings of a peculiar type 
arc present in the adventitial coat of the internal carotid artery in the expanded 
region near its origin, viz., in Hering’s carotid sinus. He also found an abun- 
dance of similar nerve structures in the carotid body, and in his first paper''*^ 
he concluded that this structure is probably a secreting gland innervated by the 
glossopharyngeal; his studies led him to believe that the sinus nerve of Hering 
is a branch of the vagus, not of the glossopharyngeal, the latter being concerned 
only with the carotid body (or gland). Further study,’*’ however, led him to 
modify his conclusions: the nerve system of the carotid body now seemed to be 
afferent at least in part, and lie suggested that it is probably concerned in the 
regulation of blood pressure, its function being similar to, though less striking 
than, that of the carotid sinus’^' p- he also suggested’*’’ that it might he 
a sensory organ specialized to pci'ccivc certain qualitative changes in the 
blood.” Several other workers®* concluded that the carotid body is the site 
of origin of Hering’s reflexes, not the carotid sinus, but it was riot until the 
work of Heymans and his collaborators had shown clearly for the first time 
that there arc two distinct sets of carotid reflexes, viz., those aroused by pressure 
and those aroused by chemical factors, that the second suggestion of do Castro 
led to productive experimental studies and was proved correct. Heymans and 
liis co-workers were able to separate the two types of sensitivity, retaining that 
to chemical influences while removing that to pi*essure, or the rever.se, and other 
vorkei’s succeeded in demonstrating that the chemically sensitive region in the 
dog is located in the carotid body. (The literature on this aspect of the subject 
IS cited elsewhere.^®) Tims, tlie true function of this structure was finally 
pio\ed to he none of those previously attributed to it, hut instead, a completely 
unique one, i.e., translation of certain chemical changes in the blood into afferent 
J*^PU ses stimulant to the respiratorj*, vasomotor, and cardioinhibitory centers. 

lose results stimulated other studies of similar tissue elsewlicre, and a number 
0 aggregates of cells resembling the carotid body morphologically were found 
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ill the aortic region.- One of these was shown by the physiologic studies oi 
Coniroe"' to be the probable site of the aortic chemoreceptors; it receives blood 
from a small branch of the transverse aorta in the dog, of a coronary arten- in 
the cat, and nerve fibers from it join the v'agodepressor trunk at about the Iwel 
of emergence of the recnrrent laryngeal. The function of the other similar 
structures in the thorax and in the coccygeal region still remains nnknoun. 

The papers by Heymaus and his co-workers dealing with carotid reflexes 
to the respiratory' centm- did for respiratory physiology what Hering’s papeis 
had done for circulatory physiology, i.e., they introduced a new element into 
discussions of the conti’ol of respiration and led to a critical re-examination o 
beliefs that had gone nnchallcnged for many years. At that time diere uasno 
doubt among physiologists that the major element in the automatic contro o 
respiration was the effect of metabolic products directlx upon the ce s o 
center and that afferent nerve impulses were nothing more than a nonessen la 
factor. There had been some disagreement as to the identity of t ie ciemic. 
stimulus, but this xvas compromised to the satisfaction of most plnsio 
Haldane (who was the first to demonstrate the very great effectiveness o eai 
dioxide) accepted the view that the common denominator m aU aspec s o 
chemical control of breathing is liydrogen-ion concentration ni^ le ^ 
this basis there were some difficulties in explaining the respna ^ 

changes in blood pressure (the respiratory depression a 

sudden rise and the liyperpnea produced by a sharp fall), bii ^ 
satisfactory solution in Rosenthal’s conception,-’ as revixed bx in the 

Gesell,^= to the effect that it is the concentration of chemical stimn 1 
cells of the center that regulates their activitj^ and since ^ hv cliangK 
and have a metabolism of their oxvn, their activity can be mo 1 e • 
in the rate at xvhicli products of their oxvn metabolism are remox e • ^ 
.stream. The apnea produced by an intravenous injection 0 a 1 ‘ 
liyperpnea produced by sudden hemorrhage, histamine injection, ° 
sharp fall in blood pressure was an important piece of evidence m ' 
conception of respiratory control. The liyperpnea of anoxemia, x 
glance seems difficult to explain in terms of carbon dioxide tension 
ion concentration in the arterial blood (for both of these aie ap ^ jiormal 
by anoxemia), xvas attributed either to a sensitization of the cen jjiptie 

stimulus (carbon dioxide or pH) by anoxemia,^’’ or to accnim < ^gtabolic 
acid xvithin the cells of the center because of incomplete 0x1 a 


products therein.^- 


substantiated 


Heymans and his colleagues presented evidence xvhicli, if fu J jjgeption of 

would have discredited entirely the Rosenthal- Winterstein- jese^^ jjaldane’s- 

respiratory control and xvould have necessitated radical inhibition! 

They shoxved^' that a rise in inti’acarotid pressure onuses le ja 

respiration, and this, coupled xx-ith the similar reflexes of 'cho'!"^'” 

aortic pressure, led them to suspect that the respiratoiy e ec ^j^^ses an^ 
blood pressure might be due entirely to reflexes from^ the espo!'' 

aortic arch — a suspicion xvhicli they verified by seeming x ni j.espii'of®’^- 
mental exddence and concluded that the activity of the ce s 0 
center is not demonstrably influenced by changes in its bloo sup 
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the physiologic range. They also^® found that an anoxic hyperpnea (and hyper- 
tension), whether produced by decrease in the oxygen tension in the blood or by 
the addition of cyanide to it, is mainly, if not exclusively, reflex in origin; 
section of the carotid sinus and aortic (depressor) nerves greatly reduced or 
completely abolished the stimulant effects of anoxemia on respiration and circula- 
tion, thus indicating that accumulation of products of incomplete oxidation in 
the center cannot be the true explanation of these effects. Even changes in 
carbon dioxide tension and pH in the arterial blood were found to produce their 
effects in part through these reflexes. Although it was never claimed that the 
respiratory effects of these changes are dominantl.v or exclusively due to reflexes 
from chemoreeeptors (that claim was reserved for anoxemia and for drugs such 
as cyanide, nicotine, and lobclipe), it was nevertheless reported that reflexes 
play a part in them. Thus the extreme sensitivitj’ of the respirator^' center to 
minute changes in the carbon dioxide tension or pH in the blood, which was 
perhaps the best-known and most firmly established fact in the entire field of 
respiratory physiology, came under suspicion, and with it the entire Haldane 
conception of the control of breathing. (As a matter of fact, Heymans did not 
commit himself at the time as to whether the chemoreeeptors or the center are 
more sensitive to carbon dioxide and pH. It was not until 1939 that his position 
on this point was clearly stated, and then he held^'® that the chemoreeeptors 
are more sensitive, act more quickly, and are responsible for a greater share of 
the total response to these stimuli than can be said of direct effects on the center.) 

These papers naturally aroused a great deal of interest among all who 
were working in the field of respiratory physiology. Since we*® have recently 
reviewed the literature on this subject from the viewpoint of the adequacy of 
the experimental evidence, it is unnecessary to recapitulate here the list of 
contributions that have followed. For the sake of historical perspective, how- 
ever, it is worth noting that, witli the appearance of Heymans’ first papers, 
these reflexes eame to be a major interest in the two laboratories in this country 
(Gesell’s and our onm) in which tiie workers had gone furthest in committing 
themselves to the RosenthalAVintcrstcin-Gescll conception of respiratory con- 
trol, which now seemed to be completely invalidated by Hcjunaiis’ finding that 
the respiratory center is unaffected by changes in its blood supply. The result- 
ing contributions from Gesell’s laboratory, as summarized elsewhere,'® leave that 
group in substantial agreement with Heymans in all essential respects, i.e., that 
the responses of respiration to changes in blood pressure are due to reflexes from 
the pressoreceptors of the carotid sinuses and aortic arch, rather than to 
changes in tlic blood supply of the center, tliat the sensitivitj- of the ehemo- 
receptors to carbon dioxide and pH is of the same order as that of the center, and 
tliat^ the chemoreeeptors contribute an important share to the regulation of 
vospiration under all circumstances. The work in our laboratory also led from 
the start2s« to agreement with Heymans about the existence of the two sets of 
leflexes (from pressoreceptors and chemoreeeptors) and the dominant im- 
poUance of the latter in the respiratory and circulatory stimulant effects of 
‘inoxemia. From tlie start, however,®®* we have been able to show that the 
icspiratoiy center is not always as insensitive to changes in its blood supply as 
It vas in Heymans’ experiments, and among the factors that might be concerned 
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in such variations an outstanding one seemed to be the state of the finer blood 
JS s tho cm, CP. To invcligote thfe Pel.„„,«hip, „ “ 

the intnnsie control of the cerebral circulation was begun and is still in 
piogiess; the bearing of the results so far obtained on the above question has 

that' these experiments we have come to believe 

_ at the insmisitivity of the respiratory center to changes in its blood snpplv 

Heymans experiments was due to fortuitous experimental circumstancesr' 
w- \ ^ot warrant the general conclusion that the Rosenthal- 

m erstein-Gesell conception of respiratory control is invalid. We also differed 
1 ejmans fiom the .start in believing that the respiratory center is so 
muc 1 more sensitive than the chcmoreceptors to carbon dioxide that the normal 
eon 10^ 0 n entiling is probably accomplished by the center alone, without 
inv 0 t le chcmoreceptors. Subsequent experimental evidence has onlv 
served to strengthen this belief. 


le piesent status of the questions raised by Heymans’ work, in briefest 
summai j , is as follows : There is general agreement about the existence of too 
se s 0 leflexes in carotids and aorta, the one activated bj* changes in arterial 
piessuie, the other by changes in chemical composition of the arterial blood; 

e leceptois responding to pres.sure (pressoreceptors) are located in the 
a \ entitial coat of the carotid sinus and aortic arch, those responding to chemi- 
ea c ranges (ehemoreeeptors), in the carotid and aortic bodies; the impulses 
lom loth sets of receptors are carried by the same nerves (the sinus and de- 
pt essoi) and affect the same structures (the respiratory, vasomotor, andeardio- 
legu atorj centers in the medulla), although for the most part in opposite 
irections, i.e., impulses from tho pressoreceptors lead to decreased aetivity of 
the respiratory, vasomotor, and cardioaecelerator centers (and increased activity 
o t le cardioinhibitory ) , while impulses from the chcmoreceptors cause m- 
Cl eased activity of all these centers (including the cardioinhibitory in the ease 
0 stioiig stimulation of the carotid chcmoreceptors of the dog). There is also 
general agreement that the chcmoreceptors can be stimulated by each of the 
c lemical factors that have long been associated with the control of respiration 
an eiiculation, namelj^ increased carbon dioxide tension or hydrogen-ion con- 
centration, 01 ^ decreased oxygen tension, as well as by a variety of drugs and 
poisons (cyanides, sulfides, nicotine, lobeline, coniine, sparteine, choline and its 
nieotmic derivatives, acetaldehyde, potassium salts, dinitrophenol, dinitrocresoi, 
an . otieis). It is also agreed that the reflexes from the . pressoreceptor 
(which are those originally described by Hering) are of utmost importance 
to t e control of the circulation, but of comparatively little moment to t e 
iCjjU atioii of le.spiration, whereas the chemoreceptor reflexes are of majoe 
irnpoitance to respiration, but are relatively unimportant to the circulation,' 
VI 1 one significant exception, viz., the hypertension of anoxemia. 

^ 'When it comes to an evaluation of the part played by these reflexes in 
justment of the organism to its environment, differences of opinion aie cn 
countered. As indicated elsewhere,^® these seem to us to be due to inadequaQ 
0 experimental evidence relative to the conclusions drawn, for the data nee 
for tiis purpose must be quantitative, and the step from the qiialitati'"® ' 
formation that suffices to demonstrate the existence of these reflexes to 
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quantitative data required to evaluate their importance is long and difficult. 
It is clear, however, that the lijqperpnca and hjiiertension of anoxia are (as 
HejTnans claimed from the start) due more to reflexes from the chemoi*eceptors 
than to direct effects on the center, and in my opinion, the burden of e^ddence 
indicates that anoxia is purely depressant to nerve cells, any stimulant effects 
being due to reflexes; this view is not shared by GeselP’ or by Dautrebande,® 
but it is supported by recent work done in Heymans’ laboratory.' As for the 
part played by chemoreceptor reflexes in the body's responses to exercise or 
increased carbon dioxide tension or hydrogen-ion concentration, existing in- 
formation^^ leads me to conclude that this is negligible under normal circum- 
stances, but it can become very important when the sensitivity of the center 
to carbon dioxide is abnormally low, as in narcotic poisoning; this belief is not 
concurred in b}’ Hermans and Bouckaert,''® Gesell,'^ or von Euler and his collab- 
orators.''* The point of fundamental importance here is the relative sensitivity 
of the center and of the chemoreceptors to carbon dioxide or pH, and the 
only quantitative data now available are thosc^* which have led us to the 
above conclusion. Another point of importance in deciding on the physiologic 
significance of these reflexes is the nature of the stimulus by which they arc 
activated; it is perhaps inevitable that attempts should be made to simplify 
the situation by finding a common denominator for all chemoreceptor stimula- 
tions, and different workers have suggested increased acidity,'^ anoxia,* acetyl- 
choline,** and potassium® in this connection. In view of the diverse nature of 
the substances that have been proved capable of stimulating the ehemorecep- 
tors,*® such attempts do not seem very profitable at this time; it seems better 
to conclude simply that these structures are so organized that they give rise to 
nerve impulses w'hen the chemical equilibria of the cells are sufficiently dis- 
turbed, and that such disturbances can be brought about in a number of dif- 
ferent ways. The question of the identity of the stimulus to the chemoreceptors 
IS likely to assume greater importance in the near future in view of the recent 
work in Krogh’s laboratorj'^** leading to the conclusion that the chemical con- 
trol of respiration is accomplished by carbon dioxide acting as such, not by 
virtue of changes in acidity produced by it. If this conclusion is correct, the 
respiratory effects of changes in pH of the blood could be attributed either to 
the changes in carbon dioxide tension produced by them or to reflexes from the 
chemoreceptors; perhaps these are the only parts of the respirator^' regulating 
s\stem that respond directly to the hydrogen ion. 

^ly opinion of the significance of these structures agrees with that of 
ilarshall and Eosenfeld,^* who suggested that they represent a smwival of a 
primitive type of control found in water-breathing animals. As noted else- 
where,^' 29 conception is supported both by existing information con- 
cerning the regulation of respiration in fish®* and by the derivation of the 
carotid (and probably aortic) bodies from the same tissues that give rise to 
t le branchial (gill) arterial system in the embryo.® It accounts for the great 
v^istance of these receptors to the depressant effects of anoxia, for this is 
laracteristic of embrj’onic tissues in general, and the carotid and aortic bodies 
presumably are relatively primitive, undifferentiated structures; perhaps their 
* * > to be stimulated by anoxia and by great increases in carbon dioxide 
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tension and acidity, as well as by drugs and poisons that depress many other 
tissues, depends simply on their resistance to depression by these agents. This 
conception appears to be in better accord with available information than the 
alternative suggestion^® that these structures have the same functional charac- 
teristics and significance as the neurones of the medullary centers. 

SUMMARY 

The carotid and aortic bodies are structures whose specialized function it 
is to respond to changes in the chemical composition of the arterial blood by 
setting up afferent impulses ■which enter the central nervous system ivith the 
glossopharyngeal and vagus nerves, respectively. 

The nerve impulses in question are stimulant to the medullary centers 
( respiratory, vasomotor, and, in the case of the carotid body of the dog, cardio- 
inhibitory). The impulses from the stretch receptors of the carotid sinuses 
and aortic arch (carried by the same nerves) are inhibitory to these centers 
(except the cardioinhibitory, which is stimulated by them). 

The chemically sensitive receptors (chemoreceptors) can be stimulated by 
anoxemia, asphyxia, increased carbon dioxide tension, or increased hydrogen- 
ion concentration, or b.v a variety of drugs and poisons which have no common 
chemical or physiologic attribute although the list includes inhibitors of oxidations 
(cyanide, sulfide) and substances with nicotinic properties (nicotine, lobeline, 
coniine, and choline and its derivatives) . 

Reflexes from these structures are resjionsible for much, if not all, of the 
stimulant effects of anoxia on respiration and circulation. They probahlj are 
not concerned in the normal control of respiration, the sensitivity of the chemo 
receptors to carbon dioxide being much less than that of the centers unless t c 
latter is depressed ; in that event these reflexes become an important factor m 
maintaining respiration. 

An explanation that is in accord with existing information on the 
is that the chemoreceptors represent a survival in relatively undiffeienha e 
form of a reflex mechanism originallj'^ developed for a water-breathing ances ra^ 
form. The ability'- of these structures to set up a strong reflex 
respiration when exposed to an environment that would depress or para ) 
nerve cells (severe anoxia, very high carbon dioxide tension or acidity, 
narcosis) is probably related to their primitive status and responsible for laiw , 
if not all, of their value to the organism. 
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EPILEPSY : NEWER METHODS OF im^ESTIGATION AND 

TREATMENT^' 


William G. Lennox, M.D., Boston, Mass. 


' I ’HE earliest medical writers speculated about the cause of seizures in epilepsv 
and pi'escribed meticulous treatments. Prom the time the well-knoivn treatise 
on the subject was UTitten by Hippocrates or one of liis followers until the pres- 
ent time is a span of some 2,400 j’-ears. During nine-tenths of this period doctoK 
were interested not in newer treatments but in older ones. They wanted to knoiv 
what Hippocrates, Galen, and Aretacus had to say about the Falling Sickness. 
Advances in knowledge have been prominent in three periods: First, about 
the end of the seventeenth century, Thomas Willis in England and Boerhaave 
in Holland began to look with their omi eyes at the problem of epilepsy. Second, 
the latter half of the nineteenth century stands out because of the animal experi- 
ments of Kussmaul and Tenner, and Frisch and Hitzig, the school of Bnglisli 
clinicians led by Hughlings Jackson, Gowers, Reynolds, and Sieveldng, and tbc 
first use by Locock of an effective anticonvulsant drug, liromide. Third, is Ibe 


present "new methods" period. 

The progress of research in epilepsy has, in general, followed the develop 
ment of clinical and laboratoiy techniques. Because physicians realized t ® 
seizures arose in the brain, anatomy, at first gross and then microscopic, vos 
expected to answer the riddle of epilepsy. However, as long ago as 18>i9 Kffis 
maul and Tenner said: "The judicious physician will relinquish the hope 
patliological anatomy is destined to give an explanation of the natiue an s ^ 
of epilepsj^, and he will only expect that result from the progress of the 
mental physiologj- of nerves.’’ Events have confirmed this prediction. 
noxv realized that demonstrable struetui’al abnormalities of the brain 
results of seizures or else only a eontiubuting cause. There may he 
patients, for example, adults with a tumor of the fi'ontal or parietal lobe, m iv ^ 
the pathologj^ is the sole cause of seizures, but such cases constitute on 5 
significant fraction of the total number of patients who are subject to seiz 

If the pi’imary disorder is not anatomic, but a disturbed function of ^ 
tissues, then the specialized and intricate techniques used in cheinistij, P 
and physiology must be called upon. However, medical science does no 
advance along the lines of logical development ; it maj^ start from an jjjjc 
chance observation. Twenty years ago attention was attracted to an 
practitioner who was treating patients with seizures by means of 
in some instances, dramatic results. The observation was empirical bn 
and the beginning of the third period mentioned may properly be 

'From the Department of NeiirologJ', Harvard Medical School, and the Neuw’®®' 
Boston City Hospital. 
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Conklin, 1920. Gcyelin^ believed that the beneficial results of fasting may be 
due to the acidosis induced, and carried through a great volume of laboratory 
examinations wliich, unfortunately, he never published. 'Wilder^ suggested that 
the acidosis of fasting could be induced also by a kctogenic diet which could be 
maintained for a longer period than fasting. Other workers at the hlayo Clinic,®'® 
in Boston,^ in Baltimore,® and elsewhere have demonstrated that ketosis is accom- 
panied by definite improvement in many (about one-half) of the children treated. 
An inorganic acidosis, induced by ingestion of hydrochloric acid,® of acid- 
forming salts, or by the inhalation of air containing 10 per cent carbon dioxide'® 
also proved to be temporarily effective in stopping petit mal. Rosett" and 
Foerster'® precipitated attacks by the opposite condition of hyperpnea. 

Changes in the acid-base balance of the organism are attended by wide- 
spread alterations in other physicochemical and physiologic relationships. The 
simple act of ovcrventilation, which so readily precipitates petit mal, causes 
a constriction of cerebral arterioles, with resulting decrease in cerebral blood 
flow,'® and also alters the electrical conductivity of nervous tissues'* and the 
oxygen dissociation curves of the blood. Although the oxygen saturation of 
the arterial and internal jugular blood of epileptic patients is not abnormal, a 
sharp reduction in the oxygen tension of inspired air will bring on petit mal 
attacks,'® and a temporary increase in the oxygen tension up to twenty times 
normal will hinder attacks.'® However, prolonged exposure to still higher 
tensions will precipitate concisions. 

"Working on the hypothesis that epileptics have an ii^complete drainage of 
spinal fluid with rc.sulting pressure on the cortex from the accumulated fluid, 
Fay’® proposed treatment by means of dehydration. Tliough the hypothesis 
was faulty, as others"- '* have shown, the demonstration of positive effect of 
dehydration on seizures was valid. That the effect was cliemical and not, as 
Fay had argued, hydrostatic, was indicated by the demonstration by McQuarrie'® 
that seizures could be precipitated by retention of body fluids induced by the 
injection of pitressin in association with a high water intalcc; if normal saline 
were substituted for the Avater, seizures did not result. 

That convulsions in animals and patients follow llic injection of an overdose 
of insulin has been known since that Imrmonc was isolated, but the neuro- 
cliemistry involved was conjectural. Tlicre seemed to be no pressing reason to 
pursue the problem until it Avas discoA'cred that tlic induction of severe hypo- 
glycemia seemed to improve the mental condition of patients Avith schizophrenia. 
Tlien tiierapeutie convulsions, induced cither by insulin or metrazol or electrical 
shock, became fashionable, and gradually physiologists and physicians are begin- 
ning to grasp the heaven-sent opportunity to study the cliemistrj’ inA^olved in 
pouvulsions induced in Imman l)eings. Api)arcntly Avith tlie exhaustion of the 
v\cose of the brain, glucose and oxygen consumption is reduced,®®’ ®' and in the 
CAiscerated animal the only thing AA'hieli Avill restore cerebral activity is glucose 
1 ^t‘lf, and not one of its derivatives.®® 

Although epileptics Avho haA'e diabetes seem to have fewer seizures Avlien 
'e diabetes is Avorst, and though remissions in petit mal Iiave been produced by 
nn msulin-glueose treatment Avliich makes patients Avorse and tlien better,®® only 
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the very rare patient seems to have any error in sugar metabolism which is the 
direct cause of seizures. This rarity is the patient with adenoma of tlie islets 
of Langerhans. 

A person cannot realize the importance of the physiologic investigations of 
recent years unless his view includes their drab background. One element in 
tills background was present in both ancient and modern times, the belief that 
seizures might come from a suprabiologieal source. Tlie Freudian conception 
that the subconscious might throw an individual into a convulsion in order to 
simulate an intrauterine existence seems to be allied with the ancient conception 
of an indwelling demon doing his malignant daily dozen. 

However, great as these contributions were, the investigation of epilepsy 
threatened to bog down. The influence of many physicochemical changes on 
seizures had been demonstrated, but it proved to be easier to start seizures than 
to stop them. Acidosis induced by a ketogenie diet in children, or by means 
of physical exercise, and possibly dehydration therapy, seemed to be the only 
measures of clinical value. None of the dozens of researches on body metabolism 
and blood chemistry had shown anj' consistent abnormality in epileptics (except 
perhaps an inconsistency and instability of many metabolic functions)."’ Vari- 
ous chemical changes would produce seizures, but only in those persons already 
subject to seizures. ]\Iany chemical changes could be demonstrated in the body 
and blood as a result of a convulsion but none as a precursor. Chemical altera- 
tions in the urine or venous blood of the arm bore an unknown relationship 
to changes in the metabolism of the brain. Convulsions induced in animals were 
a poor substitute for the spontaneous convulsions of patients. Even the centurj 
old theory that a cerebral vascular spasm produced cerebral anemia and tliK se 
off a seizure lost its appeal xvhen a thermoelectric flow recorder placed m^an 
internal jugular vein failed to record any decrease in cerebral flow before a 
onset of a seizure.-" There seemed to be no avenue xvhich would permit stu y 
of the activity of the living human brain and research came to a dead en . 

In spite of the boasted receptivity of our age to new' ideas, statements 
by Berger of Jena in 1929^“ and thereafter that he could record the e ^ 
piotentials of the brain through the intact skull and that alterations o 
potentials occurred during epileptic convulsions were ignored by pijsi c 
and clinicians alike. After several years, how'ever, repetition of his ^ 

was attempted and his claim confirmed. With respect to epilepsy', t 
Berger ’s apparatus, the electroencephalograph, opened not just a new ‘ 
but a new' volume in the study- and treatment of this disease. The in er 
research w'orkers has been revived. The clinicians, instead of guessino 
the actions of the patients what is going on in the brain, can w'atch 6 ^ 
itself at work. The patient, inured through the centuries to pain u 
mentation, can sit in an easy chair and let his brain write its own ver 
diagnosis and prognosis of its disorder. The results of the studies o 
Gibbs, and Lennox,®" which have been carried on during the past five 
w'hich in some respects have been amplified by' others, may' be summa 
follow's : J]je • 

1. Seizures are accompanied by' profound alterations in the rate a 
voltage of the electrical pulsations of the cortex. This is apparent y 
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cases except in those persons whose seizures arc under conscious or subconscious 
control; hysterical seizures arc not accompanied by dysrhythmia. Nevertheless, 
changes in brain activity consequent on attention or sensory stimulation (espe- 
cially optic stimulation) and on sleep greatly alter the waves. 

2. Approximately 95 per cent of patients subject to epileptic seizures show 
abnormalities in the eleetroeneey)halogram in a record taken for fifteen or twenty 
minutes when the patient is free of symptoms. 

GRAND MAL SEIZURE 

High voltage fast waves 

TOMC CU)NIC 


PETIT MAL SEIZURE 

FAST WAVE AND SPIKE 




PETIT MAL VARIANT 


Stow WAVE AND SPIKE 



PSYCHOMOTOR ATTACK 

HIGH VOLTAGE SQUARE AND SIX PER SEC WAVES 

A B ^ laec . 

durin of clectroencephalographic tracings encountered m patients vvitli epilepsy 

types of seixures; namely, grand mal, petit mal, petit mal variant, and psycho- 
lator^ (psychic equivalent) seizures. In the psychomotor attack, A represents the onset and 2? a 
whirl ^ seizure. These abnormal patterns may appear either wuth or without seizures 

tlip. nn clinically obseivable. In each case the curve represents the difference in potential of 
electrode attached to the left forehead and one attached to the ear. The 
•’nn ‘w indicates the deflection caused by 50 millivolts or, in the case of petit mal, 

7t?.. curient. The time marked by one second is indicated in the right lower corner. 

(From Gibbs. Gibbs, and Lennox*-^) 


3. The difTercnt typo.s of seizurc.s trace distinctive iiallcrns on tlic electro- 
encephalogram; namely, petit mal seizures are associated with alternately fast 
and slow waves recurring at the rate of 3 a second; a slower, 2 a second, rliytlim 
mins a variant, which is of particular interest because, unlike the S-a-second 
^jm, It is not easily inlluenccd by changes in the chemistry of the blood. Psychic 
seizures are accompanied by slow, high voltage waves, with oftentimes a square, 
Cirand mal attaclis are accompanied liy fast, Iiigli iiotential waves 
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4. In many patients coming grand mal attacks can be predicted by the in- 
crease in fast ivaves in the electroeneeplialogx'am for as many as eighteen hours 
preceding the attack. 

5. In many patients the abnormal waves begin in a certain area, or waves 
in this area are more abnormal than elsewhere. If this area should be a frontal 


lobe with the dj^srhythmia limited to it, lobectomy might prove beneficial. 

6. In ease of a cortical lesion, such as one caused by a tumor or trauma, 
electroeneeplialographic examination discloses abnormal waves at the peripheiy 
of the lesion.-®'®^ The procedui'e is, therefore, useful to the surgeon in localizing 
lesions (whether patients are epileptic or not) which might require surgical 
intervention. 

7. The rhydhm of the brain is apparently a constitutional characteristic, for 

in spite of the many conditions whieli may modify the electroencephalograin, an 
individual who has a distinctive pattern tends to show this same pattern, either 
normal or abnormal, when his record is taken under standard conditions on suc- 
cessive occasions. The normal tracings of healthy similar twins are closely simi- 
lar,®^ as are the abnormal tracings of patients and a large proportion (60 per 
cent) of the relatives of epileptics, both of the essential and symptomatic groups, 
have abnormal electroeneephalographie records.®® Approximately 10 per e®* 
of persons without a histoiy of epileps.v in their immediate families have cortica 
dysrhythmia. Since apiiroximately 0.5 per cent of the population have a per 
sonal history of seizures, the.se data indicate that there are approximate} 
persons with a dysrhythmia to one who has seizures, or in the United States 
million persons who have a predisposition to epilepsy, or a related disoi er, 
half a million actual epileptics. Tliese observations raise very large peisona an 
social questions concerning po.ssible prophylaxis against epilepsy among pr^ 
disposed individuals and in the race. . 

8. Although epilepsy^ can now be spoken of as a cerebral dysihjthmia, 
only one of many. Dysrhjdhmia may be asymptomatic or symptoma 
symptomatic, the associated manifestations may take the form of jj-ji 
periods of misbehavior as in “problem children,”®^ or in mental 

The borderlands of clinical epilepsy are ill defined. Cerebral^ "'f-'^ves tbat 
includes many of these borderland conditions. In epilepsy Gibbs be 
when there is cortical dysrhydhmia the primaiy disturbance is in 
electrical oscillators of the brain. If a chemical regulator of the lain 
found, many types of dysrhythmia associated with clinical disturbanc 
now bear various names can be helped. . ^iple 

As an aid in the interpretation of records, Grass'*® has utilized l,v 

of the Fourier transform to build an apparatus for the analysis ° ^ ^ {he 
electrical means. This analyzer summates the total energy iu tlif 

waves of various frequencies, the faster of which are not easily e e 
ordinary tracings, and it also allows accurate comparison of le 
various persons, with respect to the amount of energy^ present m 


w’ave frequencies. . 

9. The rate and voltage of waves can be altered by' change 
chemistry. This fact permits a resumption of the promising jiav 

a decade ago. The investigator no longer needs to wait for the pa i 
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convulsion. He can watch the progress of the disorder on the moving paper tape. 
Observations with the electroencephalograph have confirmed previous clinical 
observations, for alkalosis, anoxemia, and hypoglycemia increase dysrhythmia. 
However, a previously undreamed-of opening for study has appeared in the fact 
that certain chemical changes in the hlood can be correlated with certain varia- 
tions in the rate of brain waves, and these with various types of seizures. 
Artificial reduction of carbon dioxide in the alveolar air and arterial blood slows 
the frequency of brain waves and is especially potent in precipitating petit mal 
which has an extremely slow 3-a-second w’ave. Increasing the carbon dioxide, 
on the other hand, speeds up brain waves and inhibits petit mal. Furthermore, 
and this seems especially significant, patients who have only petit mal tend to 
have a low concentration of carbon dioxide in the arterial and internal jugular 
blood, whereas patients who have grand mal tend to have an abnormally high 
value.^^ This statement refers to blood taken at odd times, but in a few observa- 
tions which have been made arterial carbon dioxide seems to fall before a petit 
mal and to rise before a grand mal. Tlie evidence is not yet complete, because it 
has not been shown that overventilation w'ill inhibit a grand mal and high carbon 
dioxide will precipitate it. 

Efforts are now being made to evaluate tlie various factors in the acid-base 
balance of blood passing tlirough the brain in their relationsliip to seizures and 
to dysrhythmia. In those studies a lumbar puncture needle is placed in an 
internal jugular vein and in a femoral artery, and blood samples are udthdrawn 
simultaneous!}' from these two vessels before, during, and after seizures, and 
with relation to procedures wliieli alter blood chemistry and brain waves. So 
far these observations indicate that small changes in carbon dioxide are much 
more influential in altering the electrical activity of the brain than are changes 
m oxygen or glucose. The changes in cerebral blood flow which follow changes 
m arterial carbon dioxide seem to be for the purpose of protecting the brain 
against abrupt fluctuations of carbon dioxide tension.*^ Studies of the nomo- 
grams expressing the relationships of the carbon dioxide content and tension and 
the pH of arterial and internal jugular blood indicate distortions of the nomo- 
gram in epileptic patients as compared with nonepileptic persons,*^ and after 
artificial changes in carbon dioxide level an abnormally slow return of the cere- 
bral circulation to its former flow. 

Obviously these investigations are but a step toward an understanding of 
the physico-electrochemical processes which are concerned in the discharge, 
normal and abnormal, of the neurones of the brain. However, the gateway to 
now adventures in the realm of fundamental factors in the activity of nerve cells 
IS now open for those who have the technical knowledge, equipment, and money 
to proceed. 

These investigations are aimed primarily at an understanding of the under- 
Jing etiology of epilepsy, the peculiar inherited characteristics of neurones 
'^hich cause them to discharge in a manner inimical to the welfare of tlie in- 
uidual. Eleetroeiieephalographic examinations arc of practical value to tlie 
P >sician and patient in judging the severity of the dysrhythmia and its re- 
sponse to treatment, in localizing cortical lesions when these are present, and in 
racing the descent of cpilejisy and related cerebral di.sorders. These newer 
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studies have answered many questions which have troubled students, but they 
have added others. For example, why do some persons with dysrhythmia have 
symptoms and others have none? Can the physician he content with stopping 
seizures but not dysrhythmia? What must be said to normal persons who have 
no suggestive family histoi’y of epilepsy or migraine but w'lio do have dys- 
rhythmia? Epilepsy research factories have a “backlog” of orders formally 
years to come. 


Of newer aids to therapy, sodium diphenyl hy^dantoinate (dilantin sodium) 
is outstanding. Putnam and Merritt'’"' used a method similar to one employed 
also by SpiegeP® for producing convulsions in animals by passing an electric 
current through the brain. Tlie amount of cui'rent required to produce a con- 
vulsion could be determined for an individual animal and the effect of the 
various drugs in preventing convulsions could be evaluated. Merritt and Put- 
nam''® tested scores of drugs, several of ■which seemed to have a higher anti- 
convulsant value than either of the accepted anticonvulsants, bromides, or pheno- 
barbital. One of these, sodium diphenyl hydantoinate, vvas put to clinical tests 
and lias proved its usefulness. Experience has shown that for the majority of 
patients dilantin sodium is more effective in controlling attacks than other drugs, 
and it has a relatively slight hypnotic effect. It is much more effective ui 
stopping psychic and grand mal than in stopping petit mal seizures. More cap- 
ful supervision of the patient and the dosage is required than for bromi cor 
phenobarbital. The amount given must be increased until satisfactory t era 
peutic results are achieved, or until unpleasant side actions occur. This meaui 
that many patients given this treatment will show one or more of ^ 
actions, namely, gastric irritation, ataxia, skin eruptions, or liyperplns?a o 
gums. Persons not sufficiently helped by dilantin sodium alone may e g" 
phenobarbital or phenobarbital and benzedrine. For the large number o 
tients whom the drug dramatically helps, the year 1938 will be a 
as 1857 (bromides) and 1912 (phenobarbital) have been milestones for 
generations of epileptics. Though not of such widespread usefulness, t ic t cn 
stration by Cobli and Cohen'' that certain dyes exert an inhibitory 
seizures is of much tlieoretical interest. Aird'® suggests that the dye ma^ 
the blood spinal fluid barrier and thus prevent supposed convulsive 
entering the brain. Experiments with animals are handicapped by 'C 


animals have not been used (if indeed any exists) which havm am 


underlying cen- 


bral dysrhythmia and spontaneous seizures. 


Animals made epileptic belon?^" 


the so-called sy’-mptomatic variety. Nevertheless, convulsions m 
anesthetized animals by^ electric shock, either direct or from jpjziiF 

or by convulsant drugs, i>ermit evaluation of measures whic i a a ggj^ure.’' 
threshold, and offer a means for following the neurologic pathvyay die 

More ncarl.v approximating clinical conditions are cerebral lesions vv ^ 
course of hours or days are followed by aiiparent spontaneous 
seizures. This has been accomplished through freezing small areas 
by Speransky" and through very high roentgen-raj’^ exposuies y 
Advances have been made also in special fields. The opeiatnia^ 
daily' that of Penfield,®® has been used as a laboratory for tiacino ^ 
posed cortices of patients “trigger zones” of Jacksonian seizn 



LENNOX : EPILEPSY 


239 


observing spontaneous vascular responses to cortical stimulation as well as those 
which follow’ it. Careful histologic studies of the brain have demonstrated that 
an area of necrosis caused by a small vascular or other lesion may grow larger 
over a period of months or years, thus accounting for the long interval which 
may elapse between a head injury and the first seizure.^'* Also, bold surgery 
has freed many selected patients of seizures due to tumor or trauma.== 

Part of the progress of research in epilepsy has been the elimination of 
groups of persons who rightfully belong in some category besides epilepsy. 
Many a patient labeled “hysteric.al” or “ps.vehopathic personality” or simply 
“mean,” can now bo diagnosed as dysrh.ythmic and treated as a sick person 
instead of an emotional or bad one. Rarely has the person labeled ‘ ‘ epileptic ’ ’ 
been proved hysterical. Through the work of AVeiss and his associates,®' the 
physician is now able to sift from his epileptics the occasional patient whose 
seizures are due to an irritable eai'otid sinus and whose symptoms can be re- 
lieved by atropine, benzedrine, or by extirpation of the sinus. The study of 
migraine, which is genetically related to epilep.sy,®' has shown the importance of 
abnormal relaxation of the branches of the external carotid artery in the pro- 
duction of headache®* and the dramatic relief of individual attacks of migraine 
which can be obtained by the injection of ergotamine tartrate.®* Persons with 
narcolepsy have also been vastly aided by drug treatment with benzedrine 
•sulfate.™ 

Scientific advances in the understanding and treatment of epilepsy in the 
last twenty years have been prodigious, but public appreciation of the size 
of the social and economic aspects of the problem, and correction of the popular 
attitude toward persons with seizures have lagged far behind. Popular ignor- 
ance, fear, and prejudice are reminiscent of the Jliddlo Ages. Gradually the 
public must learn that epilepsy is not necessarily or usually associated with 
mental deterioration, and that most epileptics, if given a chance, can bo useful 
citizens. The problem of the ten million potential epileptics sliould not arouse 
fear, but a determination to learn more about epilepsy and dysrhythmia and 
their treatment. 

As an experiment in this direction an organization called the “Laymen’s 
League Against Epilepsy” has been formed. Anyone may become a member 
and p,ay cither .$1.00 or $5.00 annually. Each member receives a series of 
bulletins which give authoritative information about the whole subject of 
epilepsy, and a portion of the dues are used in carr.ving on research work in this 
field. Among physicians the “American League Against Epilepsy” (to which 
any interested and (pialified physician may belong) is a chapter of the inter- 
national organization. In epilep.sy there would seem to be unusual opportunity 
and need for medical investigators, medical practitioners, patients, and the 
general public to unite in trving to solve a problem which is a puzzle and a 
pain to all. 
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THE DEVELOPING EGG AS A CULTURE j\IEDIUM* 


Ernrst ^ Y . GooDPASTtiRE, ]M.D., Nashviij,r, Trnx. 


I 'HIS paper deals witli the cliick embryo and its membranes as an uidividual 
living experimental host for a variety of infectious agents rather than as the 
source of viable cells and juices for tissue cultures^ The developing egg has 
proved to be susceptible to a greater number of viruses than any other living 
host, and it has also been found to be infeetable by certain protozoa, spirochetes, 
fungi, bacteria, and rickottsiae.- To many of these infectious agents the hatched 
chick possesses an apparently complete natural resistance. The chick embrjo, 
therefore, has a very high degree of susceptibility inherent in its cells and its 
developmental environment; it seems to have little or no capacity to acquire 
specific immunity before hatching. 

The chick embryo is exceptionally useful for tlie study of many problems 
of infection of widely different kinds, and of resistance — natural, acquired, and 
passively transferred. Because of the large number and variety of infectious 
agents that can be cultivated in a pure state in the chick embryo, it is also a 
useful medium for the production in quantity of uncontaminated vaccines. 

It has also been found that certain viruses can be modified by successive 
infections in embryos in such a way that they become less virulent for other 
hosts, so that in the modified form they can be used as infectious vaccines. Some 
viruses multiply enormously in the infected embryo in fully virulent fonn, 
fact has facilitated the production of certain vaccines that can be used aft®’’ 
inactivation. 

Historically the first published account of experimental infection of th 
chick embrym of which I am aware was Levaditi’s report, published in 190 , ^ 
scribing his results with tlie spirillum of fowls discovered by Marchoux 
Salimbeni.® Levaditi aelnrowledged his indebtedness for the technique 
who infected embi’yos the year before with this microorganism but i 


publish his observations. 

Levaditi ’s experiments were of particular significance in that they 
a relationship between the life processes of the embiyo and the 
to spirillosis. They emphasized also the phenomenon of the passive i 
of immune bodies through the egg from the mother to the offspring. 

Rous and Murphy^ published in 1911 their results of 
lating chick embryos with a transmissible sarcoma of fowls cd- 

These experiments had important beanng uqDon virus infections an n ^ 
ture, and upon matters relating to organic differentiation as they mio 

susceptibility and immunity. , 

v.o rims of S'' 


In 1920 Juan and Staub® infected chick embryos with the .Qpaja- 
pest, and in 1929 Gay and Thompson® obtained evddence indicating t ic 

•From the Department of Pathologj'. Vanderbilt University Medical Schoo , i 
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tion of vaccinia virus in these animals. 'Woodruff and Goodpasture/ and AVood- 
riiff, Goodpasture, and Biiddingh,® demonstrated in 1931 the susceptibility of 
the chorio-allantois of chick embryos to the viruses of fowl pox, herpes simplex, 
and vaccinia. Their investigations called attention to the unusual susceptibility 
of chick embryonic tissues to viruses and to the possibilities inherent in the 
method for the study of a variety of infectious agents. Subsequently, Good- 
pasture and Anderson,® Gallavan and Goodpasture,^® and Buddingh and Polk“ 
demonstrated clearly the usefulness of the chick embryo for studies of the patho- 
genesis of bacterial infections, including those of Hemophilus pertussis, Hemo- 
philus influenzae, and Neisseria meningitidis, for which there is no readily avail- 
able host other than man. 

Following these studies the chick embryo has been used extensively and the 
method has become recognized as a useful procedure for the investigation of 
virus infections and those infections due to a variety of parasites.®- 

JIETHOD 

It is necessary to have a constant source of fertile eggs. The poultry in- 
dustry has made available excellent types of incubators which are relatively 
inexpensive. The best ones are electrically operated and arc provided with auto- 
matic control of heat and moisture and a simple device for daily rotation of the 
eggs. 

A.S a rule, the younger the embryos the worse tliey stand operative pro- 
cedures. For this reason, wo prefer to use, wherever possi])le, embryos that 
have incubated for ten to fourteen days. The normal incul)ation pei’iod for 
hen eggs is twenty-one days; consequently, several days are available for experi- 
mental observations. 

Opening the eggs, at first a tedious j)roccdure, has been made simple, rapid, 
and uniform by tlie use of a cutting carborundum disk, rotated by means of a 
dental motor with attached flexible shaft and eliuek. This machine is opei-ated 
by means of a foot treadle wliich permits variable speed. Underlying the egg 
shell is a tough, fibrous membrane, called tlic shell membrane, which is a secre- 
tion product of the isthmus of the hen’s uterus. When cutting a window in the 
shell for the purjmse of inoculation or observation, the calcinated slioU alone is 
first penetrated by means of tlie carborundum disk. The area outlined by the 
cut is then covered with a thin coat of hot melted paraffin to fix loose particles 
and to prevent contamination during succeeding operations. Next, the fibrous 
moml)rano is penetrated with a s]>ear point needle and cut along the shell in- 
cision,^ leaving one side of the cap for a liingc or, if the cap is to be discarded, 
tiiat side is easily torn across by pulling away tlio shell eap.’^ 

Only eggs that have been proved to contain living embryos are operated 
upon. Fertility is determined by candling the egg; by this means the extent 
0 tlo\elopnicnt of the chorio-allantoie membrane may he seen, and its large blood 

'essels located if it is desired to expose them for i)urposes of injection or othcr- 
' Wise. 

iti- ^hc fibrous membrane, upon which the calcium is deposited with 

s coating of mucus, lies the chorio-allantois, by means of whiclt respiration 
a -os place; on its outer surface is a layer of ectodermal epithelial cells inter- 
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rupted by abundant capillaries which underlie the epithelial layer and protrude 
through it. Beneath the epithelium, and supporting the blood vessels, is the 
fibrous tissue of the mesoderm, and below this is a continuous layer of eudo- 
dermal epitlielium. The chorio-allantois membrane is a very useful site to 
inoculate for many purposes ; it can be viewed and manipulated easily and at 
will. The window, after inoculation or other operations, may be sealed by sur- 
rounding it with a layer of vaseline-paraffin mixture upon which is placed a cover 
glass. Through this cover glass one can see at any time what is going on super- 
ficially, and the membrane can be viewed through a dissecting microscope or, for 
higher magnification, through an Ultropaque equipment. If moisture collects 
beneath the glass, it can be readily removed liy applying a blunt hot instrument 
to the glass cover. 

Through the shell opening inoculations can be made into different parts of 
the embryo ' itself , into the amnion, or intravenously. Also, material can be 
removed at will for examination or culture. After the egg is inoculated, it 
is placed in an ordinary bacteriologie incubator on a udre tray with a diamond- 
shaped wire mesh of a size satisfactory to hold it in position with the vrindou 
uppermost. The incubator temperature is maintained at about 37 ° C. Forsonii 
purposes lower temperatures are advisable. For example, Bengtson and Djer 
found that the rickettsiae of Rocky Mountain spotted fever were more numeroiis 
in inoculated eggs incubated at 33° C. 

VIRUS INFECTIONS 

The cells of the chick embryo have been found to be susceptible to 
by a much greater number of viruses than any other single host. 
the embryo may be used as a convenient living medium for the cultiva lo 
experimental investigation of a great variety of these agents.' ’ 

The following viruses that are pathogenic for man have already , 

vated in this medium, namely, those of smallpox, alastrim, and vaccinia, 
simplex, virus B, yellow fever, and Rift Valley fever; St. .jf jjjefp, 
lymphocytic choriomeningitis, equine encephalomyelitis, loupmg i 
and rabies"; the common cold, epidemic influenza, and psittacosis. 

Of viruses affecting animals, but to which man is apparently 
the following have been cultivated in chick embryos ; Rous sarcoma, 
fowl plague, infectious laiyngotracheitis of fowls, New Castle disease, i^ 
bronchitis of chickens, Pacheco’s parrot disease, vesicular jgg 

m 3 ’’xomatosis of rabbits, ectromelia of mice, sheep pox, and pseu o < 

Thus far among viruses affecting man, the following have 
tion in the chick embrjm, namelj'-, those of molluscuni contagiosu 
mumps, herpes zoster, varicella, poliomj''eiitis, and measles. 

It has been reported that the virus of measles, for which fiiict 

adequately proved susceptible host than man, has been cultivate m 
embryo, but there is as jmt no acceptable confirmation.'® 

Most of the reports of virus infections have concerned only pitlJ 

f ested in the chorio-allantois, little or no attention having been ir 

to distribution of virus in the embryo proper or to evidences o 
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the body of the embryo as manifested by specific lesions. Frequently there has 
been no cytologic description of the membranal lesions themselves. Various 
routes of inoculating the embryo arc accessible, and infection of the embryo 
proper, directly or by extension, offers great possibilities as yet too little realized. 
Classical examples of this potentiality are illustrated by the studies of vaccinia 
by Buddingh^^ and of herpes simplex by Anderson.^® 

It is to be emphasized that an adequate study of a virus infection, and for 
that matter any other sort of infection, should be founded upon a cytologic and 
histologic basis; and if one is to derive the most from the chick embryo method, 
morphology must direct investigations of pathogenesis. It is well knoum that 
most viruses induce characteristic changes in the cells they affect, and one can 
determine the course, distribution, and the fact of localized infections so well in 
no other way as by microscopic study of the cellular structure of the host. 


RICKETTSIAL INFECTION 

The rickettsiae of Mexican and European typhus fever have been cultivated 
in the chorio-allantois of chick embiyos by Zia,-’ and those of Rocky Jlountain 
spotted fever by Bengston and Dyer.*^ Cox has succeeded in growing the rick- 
ettsiae of Rocky Mountain spotted fever and of the typhus group in the yolk sac 
of the developing egg.^- 

Inoeulation of the cliorio-allantois results in infection of the ectodermal 
epithelial cells, and it seems likely that growth in the yolk sac is the result of 
infection of the endodermal lining cells. No adequate study has been made of 
infection of the embryo proper by various routes of inoculation. 


B.\CTERIAL INFECTION 


The usefulness of the chick embryo method for the study of bacterial in- 
fection was indicated by Goodpasture and Anderson, who induced infections 
'vith pure cultures of Staph, aureus, Strep, hemolyticus, Strep, vindans, B. 
aerogenes, E. typlii, B. ahorhis, and C. diphiheriae. These authors called atten- 
tion to intracellular growth of some of these strains and pointed out the im- 
portance of this phenomenon in the processes of invasion.® Internal lesions of 
the embiyo following membranal infection were described in some instances. 

Subsequently, Gallavan,-® and Gallavan and Goodpasture,^® described in- 
fection of the embryo with IJ. injtuenzac and //. pertussis. Localization of in- 
fection with the former microorganism in the brain and meninges and on the 
ciliated border of rcspiratoiy epitlielium with the latter was described, and the 
similarity of these lesions to those encountered in human infections with the 
same bacteria was emphasized. Buddingh and Polk were able to infect embryos 
"ith the meningococcus, and under suitable conditions tliey reproduced, not only 
the septicemic form of disease, but also a specific suppurative meningitis." 
Tlieir results indicated tliat meningitis results from a localization of blood- 
horiie meningococci. 


Morrow and Berry^^ infected the chorio-allantois with jY. gonorrhocae and 
iised this technique to study the effect of sulfanilamide therapy. Tliis work was 
confiiTTied as regards infection bv Hill and Pitts.^'* 
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Otlier reports of bacterial infection of various kinds have been made by 
Pandit, Rao, and Shortt"®; Castil and Bloelr^; Metzzer, Beaudette, and Stobs-*; 
and Weil and Valentine.-'’ 

SPIROCHETAL INFECTION 

Morrow, Syverton, Stiles, and Berry"® reported growth of L. kieroliacmor- 
rhagiae in the chick embryo, and this was confirmed by Davis."^ Chabaiid'’- and 
Oag"" succeeded in infecting the embryo with 8. daittoni. As yet there is i» 
satisfactory evidence that 8. pallida has been cultivated in this medium. 


FUNGUS INFECTIONS 

Goodpasture"^ suggested that the chick embryo method might he iiseM 
for study’’ of fungus infections after observing the effect of certain contaminants 
on the ehorio-allantois. Recently Moore®" lias called attention to the nsefnhiess 
of the chick embryo for the study of a number of pathogenic fungi. 

PROTOZOA!- INFECTION 

Levine, Brandly, and Graham"® have infected chick embryos nitb 
Tritrichomonas foetus and Chabaud has used these embryos for studies o in 
fection by^ certain pathogenic trypanosomes."' 

This incomplete list of publications will serve to indicate the usefulness o 
the chick embryo method for studies of a wide variety of infectious agens. 
Goodpasture, Douglas, and Anderson"® have demonstrated the possi 
studying infection more indirectly' by' inoculating iso- and hetei'O-gia 
from susceptible animals, and Polk, Bnddingh, and Goodpasture,®^ an 
pasture and Anderson,'*® among others, have illustrated possibilities o 
method for studies of immunity'. 


FUTURE PO-SSIBILITIES 

The chick embiyo is a living host that is susceptible to infection by^ 
variety of pathogenic agents, and the possibilities of its use for stu y 
genesis are almost unlimited. Because of the practicability of hW® 
tive amounts of antiserum into the embryo, and because this ironia ure^ 
apparently' is incapable of producing antibodies in demonstrable quaii 
an opportunity' is afforded for studies of passive immunization. ^ 

Although the use of the chick embiyo technique for it Aviil 

therapeutic agents of various kinds has only' begun, it seems evi en 
afford an exceptionally' good opportunity' for chemotherapeutic in 

The usefulness of the method for the production of hi* 

quantity for administration either as infectious or as noninfectioiis < 
already' been demonstrated, and it would seem likely' that its a ap a 
purpose will be greatly extended in the future. _ ' p,giiio(l 

Buddingh and I"" in recent y'ears have developed a satis 
for preparing antismallpox vaccine in quantity', free of bacteiia) 
the ehorio-allantois of chick embry'os. klodifications of this me lo^ 
used by' others for the same purpose and ivith satisfactory ^^tli 

experience has led us to believe that a vaccine thus prepaie coi 



GOODPASTURE: DEVELOPING EGG AS CULTURE IIEDIUM 


247 


vantage supplant calf lymph for human antismallpox prophylaxis. A recent 
extensive report by Stevenson and Butler*' from tlic National Lyinpli Establish- 
ment is very favorable to its use. The method dcserihed by Buddingh*' of pre- 
serving vaccine in sterile serum, not possible with contaminated lymph of the 
calf, greatly prolongs its activitj- even against the adverse effects of body tem- 
perature. 

Assuming a role of immense importance in individual and mass protection 
against yellow fever, endemic on two continents, are tlie recently developed 
methods of vaceination by the use of attenuated strains of yellow fever virus. 
The strain used by the International Health Division of the Bockefeller Founda- 
tion, with which over a million persons have been vaccinated in South America, 
is propagated routinelj- in tissue cultures, but for vaccine production it is 
inoculated into cliick embryos. The infected embryos yield an abundance of 
virus. The vaccine induces a mild infection, without significant clinical symp- 
toms, followed by tlie appearance of antiviral antibodies in the circulating blood 
signifying protect ive immunity. 

Among tlie newcomers of vintses discovered to be pathogenic for man is 
that of equine encephalomyelitis, now thought to ho an endemic infection among 
a variety of birds rather than a natural disease of horses. There are two im- 
mnnologically distinct strains of this virus in our country, namely, the Eastern 
and tlie 'Western stains, and during the past year fatal infection with each has 
occurred in human beings. Botli are liighlj’ infectious for chick embryos. 

Beard and his co-workers*' have described a vaceine prepared from virus 
cultivated in the ehick embryo and treated with formalin that is being widely 
used with apparent success in animal prophylaxis. It is to be hoped that human 
infection with this virus will not reach proportions requiring similar immunizing 
procedures. 

Bcaudette*' states that the New Jersey College of Agriculture supervises 
the production of laryngotrachoitis vaccine at the Vineland Poultry Laboratories 
to insure purity and potency of the product. This virus is grown on the chorio- 
allantois with excellent results. These laboratories also produce their pigeon 
and fowlpox vaccine in the same way, i.c., by cultivation in the chick embryos. 

Several publications have demonstrated the usefulness of the chick embryo 
method for inducing variation of certain viruses in the direction of lessened 
virulence thereby affording the possibility of experimental development of 
strains suitable for prophylactic vaccination. Thus far this has been accom- 
plished, as indicated by the reports of Burnet** with the virus of influenza ; 
of Beaudette** with the vi: [■US of bronchitis of fowls; of Pciina and Mous- 
satche’''’ with the virus of yelloAv fever; of Buddinpli^' with tlie virus of 
fowlpox; of Anderson-” witli tlie virus of herpes simjilex; and recently, of 
Bawson*® with the virus of rabies. Tlie possibility of future developments alon^ 
fl'is line for modifying not only viruses but .also otlier tj'iJCs of pathogenic 
'^"cnts would seem to he particularly promising. 

Finally, there remains the probability that the chick embryo will even- 
tually ])i'ove to be the moans of cultivation of certain viruses that so far have 
Insisted transmission to species other than those in which they occur naturally. 
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There are already indications that the virus of measles -will infect chick 
embryos/® and if this is confirmed, an opportunity might he afforded to pro- 
duce an effective vaccine for human prophylaxis. 

Possibljr fruitful lines for investigation in relation to infection could be 
initiated by means of the chick embryo technique in the direction of attempts 
to influence susceptibility and resistance by experimental variation in vitamin 
content and hormonal balance. The problem of the nature of natural resistance 
can also be attacked, because in many instances the highly susceptible cells and 
tissues of the embryo become completely insusceptible with advancing maturity. 

The potentialities of the chick embiyo method for studies of infection have 
only begun to be recognized, and one may look forward hopefully to a much 
gi’eater realization of its usefulne.ss in the future. 
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to be sterile filtrates of diseased tissue. The designation, virus, now acquired 
additional meaning because of the filtration experiments, and it was applied 
for a long period of time only to those disease-producing entities, so-called 
filtrablc viruses, capable of passing 61101*8 that retained ordinary bacteria. The 
agents of mosaic disease of plants, hoof and mouth disease, and on discovery, 
canine distemper, equine encephalomyelitis, lympliopathia venereum, polio- 
myelitis, influenza, yellow fever, and others, came under this category. In most 
instances, before the virus etiology of a disea.se could be established, it was neces- 
sary to account for and to eliminate the claims of certain visible organisms, either 
bacteria or protozoa, to this role. By way of example, there were the B. cJioJerac 
sms in hog cholera. Bacillus X, B. icicroidcs, and Leptospira ictcroidcs in yellow 
fever, and more recently, greening streptococci in influenza and poliomyelitis. 

During the past decade, following a renewed interest in viruses, and, as 
an outgrowth of intensive studie.s of their chemical and physical properties, the 
definition has been further narrowed with emphasis not only on their ability to 
traverse fine membranes, but also on the intimate relationship which seems to 
exist between virus and host cell, such as their intracellular position and their 
failure to grow in the absence of living cells. The viruses form a continuous 
series, ranging in size from within the lower limits of ordinary microscopic vision 
(vaccinia 250 ni/i) to dimensions of 10 m/x (hoof and mouth virus). In this 
submicrocosm, problems of classification and questions such as whether certain 
species are plants or animals assume only academic significance, they, the 
viruses, are unequivocally entitled to the designation, protists or first forms. The 
smallest viruses arc theoretically beyond the range of tlio recently introduced 
electron microscope, and instruments employing shorter wave lengths or some 
other principle will have to be developed before we can make direct observations 
of the morphology of tliese agents which approacli molecular dimensions. The 
available data have ))een ascertained by selective filtration, using graded collodion 
filters, and have been confirmed and extended by ultracentrifugation. In keep- 
ing With variation in the size of the cells of any one liacterial species, the vii’uses 
differ in size within quite definite limits. 

Viruses were first recognized and described in terms of biological activity; 
they continue to be revealed only by means of this attribute. One of the most 
fruitful fields for the obtaining of fundamental information in virus research 
IS with the plant pathogens of which there arc many. The restrictions, such as 
excessive costs for the purchase and care of animals, elaborate quarters, and 
possibilities of human infection which confront thaso studying the animal ^druses, 
are nonexistent. Here, one may have on liaiid at any one time thousands of in- 
fected plants in modest surroundings, and with no danger to those associated 
vith the investigation. A few of the intriging problems of viruses and virus in- 
fections, the unraveling of which at present seemingly offers insurmountable 
obstacles, will now be considered. 

Viruses multiply only within certain living cells, thus tlieir purposeful culti- 
vation in vitro is limited to those media containing living tissue. Sedulous at- 
tempts to grow viruses in the absence of viable cells liave failed, yet the belief 
t at viruses are living agents depends upon the fact that they are capable of re- 
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production and adaptation in the Ihdng plant or animal body. When an animal 
chick embryo, or tissue culture, such as the agar roll tube, is inoeiilated ivifli 
a definite quantity of the virus, it is found, after a suitable incubation period, 
that the virus has reproduced itself in relatively enormous quantities, a small 
fragment of tissue yielding millions of infective doses. Perpetuation of the 
virus and its prolification can be cai-ried forward at will for unnumbered gen- 
erations or passages. But why this intimate relationship between parasite and 
host cell? Two theories may give some insight into the phenomenon: (1) 


Is it a protective mechanism from toxic substances in the extracellular spaces! 
or (2) May we assume that a virus is an organism which by persistent local- 
ization within the cell is deficient in enzj’'me systems and has thus lost the 
power to synthesize its own nutrient materials to the state at which they arc 
active within the cell ; and they, therefore, cannot grow in extracts of the cell 
but only within the cell itself? If we follow this latter theory to its logical 
conclusion, we may deduce the nonviable nature of viruses, which attitude at 
present is decidedly popular and is gaining in favor. It is necessary mere} 
to postulate that in this adaptation to an intracellular existence the enzjoifs 
have been progressively lost and appropriated from the cell. Ultimately a 
mere nueleoprotein is left which is itself inert and only exhibits the characters 
of life, borrowing and directing the enzyme system from the cell it im a es or 
its own reproduction. Such an implication is in keeping with the ° 
Stanley, who has isolated the virus of tobacco mosaic, as well as certaiii o 
viruses, as crystalline nucleoproteins with definite chemical and physica pro 
erties. Nevertheless, it should follow that if this process is essentially 
sive, viruses should exist which have not yet lost their power of 
such an extent that an intracellular existence is mandatory. 
distribution of saprophytic viruses is predicated by certain British ^^,11 

have actually isolated several species from sewage and grown t lem 
free media. If we adopt the first theory, which jjjelf 

entities, the attainment of the goal of the in Autro cultivation lesoies^^ 
into one of two possible plans: (1) the development of 
neutralization or removal of toxic substances, or (2) the accuiate 
tion within the culture tube of the nutritive conditions A\dthin t le 
permitting the virus to grow in a stei-ile medium devoid of cells. i 
concept becomes a straightforivard problem of analytical and syn 
ganic chemistry, but is tinctured by the evidence from ^ epic ^,^ 11 ; 

servations that a belief in the spontaneous fabrication of viruses )} 
is unwarranted. ^[11 

occasif"'- 


Many vinis-infected cells contain inclusion bodies appealing 


cytoplasm or nucleus, or in both cytoplasm and nucleus. On 
the inclusion bodies characteristic of tAvo different virus infcctio'* 

present simultaneously'^ in the same cell, thus eA'idence of a c 
The inclusion bodies are pleomoi-phic, of various kinds and pecu n 
types of cells. Negri bodies discernible within the hod'^- 

of animals affected Avith spontaneously occurring rabies, anc iw 
Avithin the epidermal cells in lesions of A'accinia are among i® 
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examples. They stain readily and are easily recognizable in clinical material, 
yet the nature, significance, and relationship of these and other inclusion 
bodies to the specific virus with which they arc associated are not clear. 

In diagnostic procedures the presence or absence of inclusion bodies is 
of considerable importance. Unfortunately, their distribution is limited to 
a relatively small proportion of the virus diseases. Are the inclusion bodies 
and the virus one and the same, the former aggregates of the latter? Are 
the inclusion bodies degenerate products of cells attacked by virus, or are they 
virus clothed with cellular material? There are sponsors for each of the three 
theories. Preparations of pure inclusion bodies, the elementary bodies of 
vaccinia, have been obtained and subjected to biological studies. It appears 
from the results that the elementary body is a viable organism deficient in 
certain enzymes. 

The viruses, like bacteria, manifest a striking selective affinity for par- 
ticular tissues in the bodies of their host, as for example, the neurotropic 
viruses of rabies, lethargic cncephaliti.s, poliomyelitis, and equine encephalo- 
myelitis, and dermatropic herpes virus. The viruses in these diseases pre- 
sumably proliferate only in the tissues attacked according to their selective 
affinities. A num])er of virus diseases occur as acute, generalized infections, 
notably among which arc hog cholera, distemper, and influenza. In these 
the causative viruses multiply in the circulating l)loocl and viscera and, as 
might be expected, are conccntimted in these locations. 

A striking feature of many of the viruses, which is not highly developed 
among bacteria, is their adaptation to foreign liosts and individual tissues. 
Such virus agents as poliomyelitis can be ultimately perpetuated in certain 
species of monkeys, and vaccinia, yellow fever, and herpes, which are not 
neui'otropic in natural infections, may be adaj)ted to the nervous system of 
laboratory animals by experimental procedures. Considerable difficulty may 
he encountered in making the initial tran.sfcr from the natural to the experi- 
mental host. The first “take” may cause little disturbance or escape observa- 
tion. This is particularly true in infantile paralysis. The infection in monkeys 
following inoculation with human material is often detected only after pro- 
lonpd fatigue l)y vigorous exercise. Tlie recent report of the production of 
poliomyelitis in the cotton rat (Sigmodon hispidus hispidus) following inocula- 
tion with monkey passage material at present seems to be limited to only one 
strain of human virus. In general, many passages are required for the attain- 
ment of fixed virulence and type. "With the virus of yellow fever the phenom- 
enon of changing this typical viscerotropic into a fixed neurotropic virus occurs 
ss a result of intracranial inoculations in white mice. 

Of added interest is the fact that a given virus, when repeatedly passed 
serially through a particular species of animal, may increase in virulence for 
IS species and progressively lose its virulence for the original host. The 
c as.sical example of this change i.s the rabies virus which when maintained in 
rabbits becomes highly infectious for these animals but appears to diminish 
m mfeetiousness for dogs. Accidental infections in human beings with monkey 
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strains of the virus of poliomyelitis, as well as rabbit brain rabies vaccine, pre- 
clude any generalizations at this time. 

Certain findings with other diseases are of considerable interest. "Watson, 
experimenting with the virus of equine encephalomyelitis, succeeded after several 
failures in establishing the malady in guinea pigs by intracranial inoculations 
of naturally infected horse brain. Following a few passages it attained higli 
virulence and seemed stabilized as a neurotropic virus for guinea pigs. By 
similar procedure the guinea pig strain was established and fixed in white inicf 
and, in turn, the mouse strain in the chick embryo. The comparative infecthitj 
and virulence of the three strains so developed in the guinea pig, mouse, and 
chick embryo, respectively, were significant. When the virus-containing tissue 
of these animals were titrated in dilutions carried to 1 -.100,000,000, using 0.1 c.c 
of each dilution as a volumetric dose for inoculation, the minimal infective dos( 
of the guinea pig virus was represented as 1 ;1,000, the mouse virus as 1:100,000 
and the cliiek virus as 1 :100,000,000. That is to say, the guinea pig viius liat 
50 to 100 times greater concentration and infectivity than the horse virus, tlu 
mouse virus 100 times that, of the guinea pig virus, and the chick virus 1,00( 
times that of the mouse virus. 


Animals which have recovered from a virus disease or which have suivnu 
experimental infection with a virus of modified or attenuated acthity ex 1 1 
a certain immunity to a subsequent infection with the same virus. ^ The nsua 
antibody responses common to bacteria, such as agglutinins, precipkins, aiii 
neutralizing antibodies, are likewise elicited by viruses. In some virus iseese 
the immunity may be of long duration, whereas in other cases the 
may be relatively short-lived. We have on the one hand smallpox 
immunity usually persists throughout life, and in contrast such virus 
as herpes simplex where frequent recurrence at the site of the prece mg c 
is almost the rule. In many instances in which immunity'^ for life seems app‘ 
such as poliomyelitis and measles, the initial resistance may be constan^ y 
forced by successive exposures ; in some virus diseases immunity may 
suit of the omnipresence of a definite but limited number of cells m ec 
the vdrus. Workers in Dutch Guiana have repeatedly called atten ion 
solid immunity of the Bush Negroes to malaria and the regulaiity 
protozoa are distributed in their blood; the so-called " premunition 
French workers. A similar situation exists in infectious equine jj 

a highly^ infective but noncontagious disease. The virus is preseii^ gffinitic 
parcntly multiplies in the circulating blood and has no known 
for cellular tissues. The minutest quantity of blood wall transmit m e 


disease to a healthy^ horse. 


apparel 


intl 


Horses which recover from the disease, and there are many , ‘ 
immune from further attack but may carry the virus in t^eii ^ j^stancc, tli 


rest of their natural lives and thus become virus reservoirs. 


As an : 


blood of a horse which had recovered from the spontaneously ;nf(>na 


dises- 

jnten-a 
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xvhen about 5 years old, proved highly infective for horses at inti 

over a period of fifteen ymars. Probably'^ one of the most impor an 
epidemiology of virus diseases may be the convalescent carrier. 
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Tlie artificial stimulation of active earned jinimmity to virus diseases is 
dependent seemingly on the development of nietliods for tlic production of the 
virus agents in larger quantities and in a more casilj' manipulated form. The 
tissue culture preparations are extremely promising in this direction. On the 
other hand, passive immunity against virus diseases lias made very little progress. 
The administration to children who have hecii exposed to measles of convalescent 
serum or the scrum of adults who at one time had measles lias imparted pro- 
tection. But with the neurotropic viruses, such as poliomyelitis, the clinical use 
of normal adult serum or convalescent senim is of decidedly questionable value, 
yet in Vitro such products liave exhibited specific neutralizing power. The intra- 
cellular position of viruses once tlicy are established, and tlie lack of penetration 
by antibodies, are without doubt the niechani.sm liy wliich tlie usual beneficial 
effects of antisera are denied the host. 

Tlie portal of entry, the avenue of elimination, and the source of the infec- 
tion are outstanding unsolved enigmas in connection with many of the virus 
diseases. Often transmission is by recognized routes, such as the bite of a rabid 
dog, the bite of an infected mosquito, and the inhalation of infected droplets or 
spray; unfortunately, in many instances, such information is woefully lacking. 
One has but to consider poliomyelitis to be impressed with the confusion ; there 
is no consensus of opinion regarding the route by which the virus enters the body 
of the susceptible host. Iii addition, an explanation for such a phenomenon as 
the sporadic appearance of an isolated case of poliomyelitis in a white child in 
India without seeming contact with any other patient with the disease, which 
rarely if ever occurs among the natives, worries the epidemiologist. 

Perhaps the most intriguing field to those interested in virus research is 
the possible association of these agents with neoplasms. The evidence seems 
unequivocal relative to the carcinogenic action of the Sliope papilloma virus of 
rabbits, but the demonstration of a similar etiology in human malignancies is 
a challenge to the student of virus research. 
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'1 'HE majority of fungous infections with which the clinician comes in eon- 
A tact are those which produce superficial lesions of the skin. The}- are 
caused for the most part hy members of the genera Achorion, hlicrosporum, 
Trichophyton, and Epidermophyton. The widespread infection in this coun- 
try with these dermatomyees and the consequent familiarity with their clinical 
manifestations have made the physician aware of their fungous nature. Diag- 
nosis of the etiologic agent can usually be made by direct microscopic examina- 
tion of scrapings from the lesions. Oceasionallj’^ tins procedure is insufficient for 
identification. A ease in point is the differentiation of 3Iicrosporum cmdovhii 
and Microsporiim lanosum, both of which produce similar structures in the 
tissues, but differ culturally. Clinical differentiation is based on the more in- 
flammatory type of lesion produced hy Micros 2 ')or'im hnosim, but it has been 
shown by Dowding and Orr^ that noninflammatory reactions of the tissues 
with this parasite are not uncommon. In such cases identification of species 
is necessary before correct therapeutic procedures can be instituted., ilhc'®- 
spor'tim lanosum infections respond readily to local treatment with ointments 
and the like, whereas those due to Microsporum audouini can be treated success- 
fully only after epilation. 

Less readily recognized are those mycotic diseases which either occur less 
frequently or produce systemic infection xvithont an initial local lesion t c 
might gixm a clue to the nature of the causative organism. A study o 
literature reveals the fact that diagnosis in such infections is often delayed e® 
siderably, or in the ease of a fatal outcome, determined only at autopsy- 
the desire to aid the pliysician and the laboratory worker in the earlj leeCo 
nition and identification of the organisms of these obscure mycotic infeclio^^i 
we are presenting a review of the outstanding features of several of the®) 
gether with some of our own experimental findings. 

CHKOMOBLASTOMYCOSIS 

The appearance of the lesions in dermatitis verrucosa (chromoblastoi^^_^ 
sis) is simulated by several infections caused by different etiologic agents^ 
ieally it may be confused with tuberculosis cutis, blastomycosis, an 
with Madura foot and coccidioidal granuloma. . 

The first case of dermatitis verrucosa from which a black to 

phora verrucosa, was isolated was reported by Lane” in 1915. 

Emmons and Carrion, ^ Pedrosa in South America had isolated a = 

from a case of verrucous dermatitis in 1911, but the case report was n 
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lished until 1920. Since these initial reports were made, a number of other 
cases have been added to the literature, the majority hanng been found in 
South America and Puerto Kico ivhere the disease is apparently more common 
than in this country. Few -cases have been reported from the United States. 
But like other types of fungous infections wiiich arc little kno\Mi in this coun- 
tin', several of which are mentioned in this paper, their rarity may well be due 
to failure to recognize their fungous nature. 



Fig. 1.— //or»iiodc»(In<Jn pedrosoi in tissue section from a case of chromoblastomycosis of 
forearm. (xT30.) 

The lesions of chromoblastomycosis occur most frequently on exposed sur- 
faces of the body, particularly on the feet. Occasionally other parts of the 
body may be attacked. Single cases have been reported where the primary 
infection occurred on the buttocks (Lane*), and on the hand (Carrion,* 3Iartin 
and associates®). Infection may begin as a small, itchy, vesicular skin eruption 
which gradually extends to produce varioasly sized areas of infection in adja- 
cent tissues. AVartlike, dull red or \iolaceous nodules form. These nodules 
slowly increase in size, forming papillomatous lesions which may become ul- 
cerated. The disease follows a chronic coui*sc and does not appear to have the 
tendency possessed hj- Blastomyces dermatiiidis (Gilchrist and Stokes, 1898) to 
invade other organs of the body. 

The term chromoblastomycosis was coined by South American workers to 
describe the appearance of the organism as seen in tissue preparations. Through 
common usage this name has gained general acceptance, although the causative 
agent is not a blastomycete. Differential diagnosis can be made by microscopic 
examination of scrapings from the lesions which are mounted in sodium hydrox- 
ide. The organisms appear as rather large, double-walled, brown, spherical 
cells. Transvei'se septa are noted at times. They are distinguished micro- 
scopically from Blastomyces dennaiiiidis by their dark color and absence of 
mdding forms and from Coccidioides immitis by tlie absence of endospore for- 
mation. Growth takes place slowly when suitable material is transferred to 
• aboiirand s dextrose agar. Culturally they appear as black colonies with short 
aenal hyphae, in contrast to the white growth produced initially by Blastomyces 
( ennatifidis and Coccidioides immitis. 
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The three species of fungi which have been isolated from the lesions oi 
chromoblastoraycosis are Phialophora verrucosa, (Thaxter, 1915), Hormodai- 
drum pedrosoi (Brumpt, 1922), and liorynodendrum compactum (Carrion, 
1935). Diiferentiation has been based on the size, shape, and mode of produc- 
tion of the spores in cultures. In the tissues, however, the cells of all three 
species have a similar appearance. Clinically the lesions produced by Homo- 
dendrum compactum. differ from those usually seen in chromohlastomycosis 
only in the absence of the nodule formation.'* This species distinction is of 
interest mainly to the mjmologist. 

The disease, once having become extensive, is generally considered in- 
curable, but the slowly progressive nature of. the infection should allow oppor- 
tunity for experimental work in the therapeutic field. Moderately successful 
results have been obtained by Carrion and Koppisch** who noted extensive healed 
areas and a reduction in the size of the nodules after intravenous treatment 
with large doses of sodium iodide. Martin and co-workers** reported general 
clinical improvement of the skin lesions following daily iontophoresis treatment 
with copper sulfate for a period of five months. A marked reduction in the 
number of fungi in the lesions occurred. Oral administration of potassium 
iodide and autogenous vaccine therapy, which was also tried in this case, nas 
considered of questionable value due to the small amounts given. 


TORULA JIENINGITIS 

Central nervous system infection with a yeastlike organism, Torula hs- 
tolytica (Stoddard and Cutler, 1916) was first reported by von Hansemann m 
1905 from Germany'. Since that time, additional cases with a wide geogiapnc 
distribution have been observed, bringing to a total of sixty-four the num er 
of reports now published. Particularly excellent reviews of many of these cases 
have been written by Freeman® and Levin.® , 

The protean clinical manifestations of meningoencephalitis due to 
histolytica have made the diagnosis of this disease a difficult one. This, a^^ 
the apparent failure of the clinician to bear in mind the possibility 
vasion of the central nervous system rvith this organism, have freqnen j ^ 
responsible for such initial diagnoses as brain tumor, tuberculous mening'^^’ 
encephalitis, or cerebrospinal syphilis. Because of this, several 
raised the question as to whether this infection may not be less raie 
number of cases w'ould lead one to believe. . ■ 

Obviously, in a disease which offers such a variety of clinical impi • 
a definite picture cannot be given, but certain symptoms have been 
reported. At the onset there is an intermittent, frontal headache, often 
ing in severity. Weakness, dizziness, nausea, vomiting, and distur < ^ 
vision are freciuently noted. The iiatient is usually afebrile, or at 
grade fever is present. Gradual loss of weight and strength are main es ^ 
the course of the disease, the duration of which may vary from seiera 


to a number of years before death occurs. spinal 

Ante-mortem diagnosis can be made only by examination o ' 
fluid. The cell count usually vai’ies betw'een 100 and 500, M’ith a pi’O 
of lymphocytes. Yeast cells may be seen at times in the unstained 
but more satisfactory examination of the spinal fluid can be made 
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stained or India ink preparations. In Ike former, the yeast cells appear as 
•j^ram-positivc oval cells from 5 to 8 microns in diameter; hndding forms may 
be seen occasionally. The India ink preparation offers the advantage of making 
the capsular material plainly visible. This capsule appears as a clear halo 
surrounding the thick cell -wall and distinguishes the cells of 'Tonila histolytica 
from tliose of the I^Ionilias with which they might be confused. But the pres- 
ence of a capsule is not alone sufficient proof of their pathologic significance. 
Further study of the organism should be made by culture and animal inocula- 
tion. 



Fig. 2.-— Budding cell of Tonila histolytica In tissue section of mouse brain. (X3200.) 


The centrifuged spinal fiuid sediment should be streaked on Sabouraud's 
dextrose agar plates and incubated at either 37® C. or at room temperature. The 
initial growth occurs in from forty -eight to seventy-two liours as small, smooth, 
moist, cream-colored colonies which become tan or brown upon aging. The 
cells in the culture arc variable in size, ranging from 2 to 10 microns in diameter, 
although larger cells may be seen. Budding cells are numerous. The capsules 
can be demonstrated in the cultural material by the India ink method. Large 
capsules are found most frequcntlj' in the more virulent strains.^® Sugars arc 
usually not at all, or only feebly, fermented. 

l^Iice and rats arc the most susceptible of tlie laboratory animals to infec- 
tion with Tonila histolytica. Rabbits and guinea pigs are less so. Intra- 
peritonoal inoculation of a heavy saline suspension of the culture into mice re- 
•‘?ults in a generalized infection with constant involvement of the brain and 
meninges.^^ Death of the animal usually occui*s in from six to eight days, but 
life may be prolonged for several weeks or months.^- At autopsy encapsulated 
forms can best be demonstrated from the abdominal fiuid and less readily so 
fi'om the lungs, liver, spleen, and brain, although the organisms are numerous 
in these organs. 


The route by which Tonila histolytica first gains entrance into the human 
>ody IS not known. The general opinion is that the respiratory system is the 
niost likely point of initial invasion. 


^ As yet there is no satisfactory treatment for the infection when it occurs 
in the central nervous system. Intravenous and oral administration of iodides 
lus been tried without beneficial effect. All cases to date have been fatal. 
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SYSTEMIC HISTOPLASMOSIS 


The first three cases of a new disease caused liy the parasite, IlislopJamn 
ca-psulatum, were reported by Darling^® from Panama lietween the years 1905 
and 1908. Due to the appearance of the organism in the tissues obtained at 
autopsy, the disease was believed to be a protozoan one bearing a resemblance 
to kala-azar. Not until DeMonbreun^® in 1934 cultivated the parasite from 
autopsy material was the fungous nature of the disease discovered. Since 
Darling ’s initial reports, ten additional c'ases, all occurring in this country, liavc 
Ireen added to the literature. Nine of these cases have been reported ivitMn 
the last six years, which may indicate that familiarity with the clinical symptoms 
has resulted in the recognition of eases that may have been missed previously. 

The disease affects the retieulo-endothelial system, and it has been suggested 
by DeMonbreun^* that eytomycosis of Darling rather than histoplasmosis of 
Darling would best describe the nature of the infection. However, the name 
histoplasmosis has priority and most cases have been reported under this ter- 
minologyL 

The onset is of an insidious nature, the chief complaint being weakness an 
loss of weight. Severe sweats, pai'ticularly at night, may occur. Splenomega ) , 
hepatomegaly, irregular fever, secondary anemia, leucopenia, and enlargetnen 
of the superficial lymph nodes are characteristic findings. In cases vit i e 
above-mentioned symptomatology, the possibility of infection ivith Hisiop cfliw 


capsulatuni should be considered. , 

Diagnosis can be made bj' finding the parasite within the cytoplasm o 
the large endothelial-type cells in blood smears or sternal bone mariow 
Wlien stained by Wright’s method, they appear as bluish or bluisi-ia i ® 
cells, from 2 to 4 microns in diameter, surrounded by a clear 
stance. The cytoplasm is characteri.stically situated along the side va s 
one end of the cells, but the absence of any body resembling a 
distinguishes this parasite from the Leishman-Donovan bodies foun iR 
azar, with which it might be confused. Few or many' of the parasites 
found within a single cell. Near the terminus of the infection they aie 
cydosed by the polymorphonuclear cells also. The stage of the disease a^ 
the parasites appear in the blood in sufficient number to be readily 
knovTi, since in only two cases (Dodd and Tompkins,^® and Beid 
ers’*') has antemortem diagnosis been made by'^ blood smear exaimn 


each case the diagnosis was made late in the infection. ^ 

The organisms can be cultivated on such media as Saboumud s 


de.vfros® 
r earikf 


a. iiv UA gciiiioma can uc CLUti vatcjci mi 

agar, blood agar slants, or semisolid veal infusion blood agar, ros 
diagnosis might be made by the culture of the blood because o 
amounts that can be examined. We have had some indications a^^ 
be true from animal experiments that have not yet been published. jg^pera- 
phases of the organism occur, depending upon the media used an 
ture at which the cultures are incubated. In semisolid media or on 
incubated at 37° C., a ymastlike form develops within from six to 
may be confused at first with other species of fungi, such as the ,A 

or Torula, as mycelia do not form readity under these are 

my’celial type of growth occurs when transplants of the yeast oi 
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lo Saboiiraud’s dextrose agar and incubated at room temperature. Small 
colonies, -with aerial h 5 ’phae which give them a downy appearance, are visible, 
visually within a week. The gross appearance of the colony is not diagnostic and 
portions of it should be examined in wet mounts for the developing arthro- 
spores. The older spores of Histoplasma and I'clatcd species have rather typical 
tubercle-like processes whicli extend out on all sides of the cell wall giving 
them the appearance of ancient Teutonic warclubs.”'^ 



Fig. 3.--Sternal bone marrow smear from a case of histoplasmosis, showing a reticuloendothelial 

cell containing numerous parasites within Us cytoplasm, (Wright’s stam, XlOOO.) 

Determination of the pathogenic nature of the parasite can be made by 
injection of the yeastlikc form into suitable experimental animals, Intraperi- 
toneal inoculation into guinea pigs produces a chronic, afebrile, systemic disease 
with pathologic changes not unlike tliose found in man.^® The animals can 
be autopsied after the second week of infection. Stained smears or tissue sec- 
tions of the spleen, liver, lungs, and bone marrow should be examined for the 
parasites which arc similar in appearance to those found in the tissues of 
infected human beings. The fungus can also be cultivated from the tissues. 
Slonkeys are also susceptible to infection, and puppies and mice less so.^* Kab- 
bits have thus far proved refractorj' lo infection. 

As only two cases have been diagnosed during life, there is little that can 
be said as to the effectiveness of specific therapy. Symptomatic treatment with 
sodium bicarbonate and blood transfusions as reported by Dodd and Tompkins'® 
gave only temporary improvement. In the case recorded by Reid and his 
associates,'® oral administration of potassium iodide proved of no value. As 
the diagnosis in both of these cases was made after the parasite had invaded the 
body in massive numbers, little could be expected from the thei*apeutic meas- 
mes that were tried. In a case reported by Clemens and Barnes,” in which 
diagnosis was made at autopsy, sulfanilamide was given a brief trial, but the 
absence of clinical improvement caused them to discontinue this form of treat- 
ment. That the use of arsenicals might have a beneficial effect has been sug- 
gested by Shaffer, Shaul, and Ulitchell/® Their opinion is based on the results 
0 taine,! with arsphenamine by Negre and Bklre in the therapy of human 
Gpizootic lymphangitis. “Since some wTiters have maintained that there is 
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similarity between Cryptococcus farciminosus, the etiological organism of epi- 
zootic lymphangitis, and the parasitic agent of histoplasmosis, one of the arseni- 
cals might theoretically be indicated in treatment of the latter.” 

SUMMARY 

The clinical symptoms and laboratory procedures of use in the diagnosis 
of several of the less commonly recognized mycotic infections, chromohlastomyco- 
sis, torula meningitis, and systemic histoplasmosis, are presented. 
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MEDICAL PROBLEMS OP HIGH ALTITUDE PLYING’ 


Capt. Harry G. Abjistrong, M.C., U.S. Army, and J. "W. Heiji, Ph.D. 
Day'tox, Ohio 


HISTORICAL DEVELOPMENT.S 


I T IS interesting to note that -while airplanes arc of relatively recent origin, 
medical studies of high altitude fl 3 'ing arc not. During one of the earliest 
balloon flights, on December 17, 1783, to be exact, the balloonist reported severe 
pains in his ears — the first of a long scries of complaints which have during the 
intervening 157 j^ears gradually led to the establishment of aviation medicine 
as a recognized specialt.y of medical science. 

In 1862 Glaisher and Coxwell made a balloon ascent to an altitude of ap- 
proximately 29,000 feet, during which the former noticed a series of strange 
symptoms marked by loss of visual aeuiU* and hearing, parah'sis of the legs and 
arms, and finallj' b}’ unconsciousness. At the same time his companion Coxwell 
also found that his arms were paralyzed but had the presence of mind to seize 
the valve rope with his teeth and start the balloon downward. Glaisher ’s pub- 
lished accounts of this and other flights came to the attention of Paul Bert, a 
brilliant French phj’siologist, who began a study of the effect of decreased 
barometric pressures. 

Three years later Bcrt^ published his famous “La pression barometrique. ” 
This work dealt with increased as well as with decreased atmospheric pressures, 
and the number and accuracy of his experiments and deductions considering 
the facilities with wliich he had to work are astounding. Bert was the first to 


prove that the principal effect of high altitude was due to the decreased partial 
pressure of oxygen; he carried out innumerable rcscarclies concerning carbon 
dioxide in the lungs and blood, and probed deeplj' into the question of respira- 
tion and blood gases under decreased barometric pressures. In addition, he 
observed many mechanical effects of barometric pressure changes. 

Following the work of Bert there was little or no further work done in this 
field until about the last j-ear of "World War I. At the outbreak of that war 
the airplane was not well developed, and it was 1916 before its value as a -war 


'weapon was fullj’- utilized. AVith the improved performance of the war planes 
came the problem of oxygen want at high altitude. While tiiere were manj' 
m the different countries who studied tliis i)roblcm, tlicir investigations were all 
overshadowed l)y tlic researches of E. C. Schneider, who worked in the Army 
ir Service, Afedical Research Laboratorv at jMineola, Long Island, from 1918 
to 1920. 


RECENT DEVELOPMENTS 

Between 1920 and 1935 there were but few medical studies on high alti- 
c fly ing. Since 1935, however, the amount accomplished has been tremendous. 

Field, Dayton^^*^ Aero Medical Research Laboratory, United States Army Air Corps, Wright 
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The stimulus that brought about this renewed medical research arose from 
several sources. The principal one of these was the marked climbing ability 
of our newer type airplanes and the desirability of operating at higher levels, 
which has certain marked advantages in both civil and military aviation. In 
civil aviation airplanes develop more speed on less power at altitude, and at the 
higher levels much of the stormy weather and bumpy air is avoided, contributini 
both to the comfort and to the safety of the flight. In military aviation the 
same considerations hold true. In addition altitude is an excellent means ci 
concealment and protection from enemy aircraft and antiaircraft artillery fire. 

The rate of climb and the altitude to which a commercial air liner may go 
are limited, however, not by the performance of the airplane but by federal 
regulations designed to protect the passenger. At the present time the allowable 
maximum altitude is 18,000 feet. Thus great care must be exercised during the 
discussion to follow to distinguish between the effects of high altitude flying 
on commercial passengers, limited by regulations as indicated above, and the 
effects on military pilots, limited only by the performance of the airplane or the 
tolerance of the human organism. 

A second factor important in this connection is the number of persons who 
may be involved. As of January 1, 1940, there were 31,000 licensed civil pi ots 
in this country, and about 20,000 more in training. By January 1, 
estimated that the number of licensed civil pilots will be increased ’ 
and by July 1, 1943, to 100,000. In military aviation the number of pilots 
combat crew members is approximately 10,000, which in the event of a 
emergency would quickly be increased to well over 100,000. By 
number of fliers is composed of those commercial passengers carried } ^ 
In the past twelve-month 2 Deriod this number amounted to approximate ) 

OOO persons, and represents an increase of 43 per cent over that of 
previous. At this rate of increase we may expect over 20,000,000 
transported in scheduled and unscheduled air transport operations uiiUo 
next flve years. 


CURRENT PROBLEMS 

The current medical problems of high altitude flying depend 
on the altitude attained. As a consequence, the problems of 
transport operations are fewer and less serious than those in military 
since the former is limited to 18,000 feet. In either instance all the e 
effects of altitude flj^ing are brought about by^ the decrease in atmosp 
perature and pressure with ascent. 2 003 

The temperature of the atmosphere decreases about 2 C. the 

feet of ascent until 35,000 feet has been .reached. Above tiiat a 
temperature remains constant at -55° C. n t ■'10° 

In spite of winter-flying clothing, personnel begin to suffei at a o 
The hands and feet are the first parts affected, followed by 
abdomen, and legs in order. At first there are chilly sensations a 
by increased metabolism and muscular restlessness. These cii • 
change to discomfort, and the acuity of touch sensations and prodaci”' 

is dulled. As the cold increases, there is numbing of the pai 
clumsiness of movements. The muscles assume a state of mild tonic 
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which further hampers and restricts free movement. Discomfort changes to 
pain and generalized shivering appears. Voluntary muscular movements become 
sluggish, and finally tissue destruction and death may occur at temperatures of 
-25“ to -40“ C. 

Very recently Grow- has added a considerable amount of data to our knowl- 
edge of the effect of cold. His attention was first attracted to this problem 
when he observed that the mental state of persons suffering from exposure to 
cold w’as similar to that of those suffering from anoxia. By animal and human 
experiments he was able to show that such exposure produced lowering of the 
body temperature, slowing of tlie circulation and respiration, low’ering of the 
oxygen content of the arterial blood (of animals), and tissue anoxemia of both 
animals and man. These findings arc particularlj' significant in aviation due to 
the fact that anoxemia may also occur from decreased atmospheric pressure at 
high altitudes. 

The solution to the problem of cold in high altitude flight is to close and 
heat the cabin. This has been satisfactorily accomplished in civil aircraft and 
to a certain extent in military aviation. 


ANOXIA 

, During ascent the composition of the atmospheric air remains constant but 
its total pressure and partial pressure of its component gases decrease. This 
decrease in turn brings about a decrease in the alveolar oxygen tension and in 
the oxygen saturation of the arterial blood. This results in a tissue anoxia to 
w'hich, in agnation, the term ‘ ‘ altitude siclmess” has been given. 

Ohjectivc Symptoms . — During ascent to high altitude there is a point at 
which breathing becomes altered. This varies in different individuals, but it has 
been noted as low- as 4,000 feet. At about 12,000 feet altitude the increased 
depth in breathing amounts to between 20 and 100 per cent increase in lung 
ventilation. With further ascent there is a greater increase in depth of breath- 
ing, and at around 20,000 feet each inspiration may amount to 600 to 1,200 
c.c. of air. The rate of respiration changes very little at any altitude and even 
under extreme conditions seldom increases more than 5 breaths per minute. 

Death from altitude sickness in the normal organism is probably always 
due to a failure of the respiratory center. This may occur at different altitudes, 
depending on the duration of exposure. It is believed that an ascent to about 
16,000 feet might eventually prove fatal in some cases. Above this altitude the 
exposure period necessary to produce death is progressively shortened, such that 
at 25,000 feet altitude and above, death ma}- occur at any time after twenty 
to thirty minutes. 

Host of our Iniow'ledge coneei’ning tlie re.sponse of the cardiovascular system 
to altitude has been w'orked out by Schneider and Schneider and Lutz.^ Tliey 
found that there were two types of reactors: “fainters" and “nonfainters.” 
Of those tested 46.7 per cent were in the former classification and 53.3 per cent 
the latter. 

The fainters are those in w’hom the lower centers, which control heart rate, 
jascular tone, and the rate and volume of breathing, suffer paralysis before the 
Dgher or psychic centers are affected. 



266 


THE JOURNAL OF LABORATORY AND CLINICAL lIEDICiNE 


The nonfaiiiters exhibit a failure of the jisyeliic centers before the cardiac, 
vasomotor, and respiratory centers become seriously affected. A majority oi 
these individuals sit erect and the physiologic processes continue to function 
normally for a few moments after consciousness is lost. 


During ascent the pulse first begins to react at widely different intervals 
iietwcen 4,000 and 14,000 feet altitude. Prom the initial point of reaction on, 
the pulse tends to increase until the limit of endurance is reached when the 
mean increase of nonfainters is 28 beats, and that of fainters is 26 heats per 
minute. Accelerations of 62 beats per minute have been noted. 

The blood pressure, like the pulse and respiration, may show a beginning 
change at 4,000 feet altitude. During ascent nonfainters ma.y .show a gradual 
rise of systolic pressure at altitudes of between 8,000 and 12,000 feet, but be- 
yond that level there is a slow fall with increase in pulse pressure. In fainters 
the blood pressure is eliaraeterized by a sudden terminal diastolic fall. At a 
sustained altitude of 8,000 to 16,000 feet the blood pressure tends to return to 
normal values. 


The effect of altitude on the heart is not, as many persons believe, due prin 
cipally to the increased load but almost entirely to the lack of oxygen supp } 
to the heart muscle. While it is true that the pulse rate increases and that m 
some cases the blood pressure rises, these changes are no more noticeable tian 
would be seen in mild exercise. The effect of anoxia on the heart muse e is 
same as that for any other tissue and, as pointed out above, the heart vu wn 
tinue to function long after the respiratory centers have become f 

contention that dilatation of the heart frequent^ occurs from moderate Coff 
of anoxia has been found in error. 


The electrocardiographic changes from anoxia consist essentially o a w 
ing or inversion of the T-waves, a depression of the R-T interval, and some i 
a deformity of the QRS group. 

With reference to the pi’oblem of flight with an jnd 


of the effect is 


fi’om the experimental results obtained by Schneider and Lutz, 
others,'* that anoxia has a detrimental effect. The seriousness — 
proportional not only- to the altitude and the duration of exposure but ^ 
amount of cardiac impairment. The type of heart lesion does not 
as important as the amount of cardiac reserve, nor does the increase 
on the heart seem to be as important as the effect of anoxia on the eai^ 

The power of the external ocular muscles has been found to he ^ 
above 15,000 feet. Above 15,000 feet visual acuity and light peicep mi 
lessened, but some vision is retained up to the point of unconseiou.sMS^^ 


Hearing is usually not affected as quickly^ as vision, 


and 16,000 to 


,-e this Ic'-rf-' 


feet may^ be reached before this sense is noticeabl.v affected. A m o 
however, it decreases rapidly^ and at 20,000 feet the noise of the aiip 
may be entirely imperceptible. . jpjeriom- 

At altitudes of about 14,000 feet and above there is a 
tion of voluntaiy muscular control. The first sign to appear is ^ jrewot 
of the finer muscular movements, followed by slowing of movemei 
and finally paraly'.sis. 
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By far tlie most interesting and tlie most striking objective symptoms of 
altitude sickness are tliose due to a ebange in beliavior. These have been studied 
extensively by McFarland'^ both in flight and in the laboratory. 

Most recent writers agree that there are no significant psychologic changes 
from anoxia even during prolonged flights at altitudes below 9,000 feet. Above 
this altitude, however, psychologic changes begin to appear, and the degree of 
change, as in the case of physiologic processes, is in proportion to both the alti- 
tude and the duration of c-xposure. These effects consist of a slight decrease in 
immediate memory and the onset of psychologic complaints. At about 14,000 
feet altitude handwriting begins to become impaired, and there may be a change 
in moods, more or less characteristie in each individual; there may be sleepiness, 
lack of volition, and lethargj’, or there may be a temporary stimulation with 
euphoria. 

At about 18,000 feet the effects become much more pronounced. At this 
point, in addition to a definite decrease of sensoiy perception, the impairment 
of neuromuscular control is Quito marked, the field of attention is narrowed, 
and the higher mental processes are affected, as indicated by the loss of memory, 
the development of irrational or fixed ideas, and the loss of sound judgment and 
self-criticism. 

Between 20,000 feet and tlic point at which unconsciousness occurs, the 
psychologic effects are very profound. Simple reaction time tests and simple 
sensory and motor responses become altered. There is a marked loss of neuro- 
muscular control, and there may be twitching, rhythmical movements, or even 
paralysis. Awareness of the lapse of time is lost, as well as volitional control, 
except that there is a great persistence in attempting to carry out an assigned 
task. Explosive emotional outbursts may occur, with periods of laughter, anger, 
or pugnaciousness. 

Subjective Symptoms,— Thevc are few, if any, other conditions known to 
medicine which produce such profound changes in the body, or which may even 
produce death without creating more pronounced subjective manifestations than 
those experienced in acute altitude sickness. In fact, it is not at aU unusual for 
a person to become unconscious from the effects of the latter without being aware 
of any change from the normal. However, some individuals do experience 
various mild subjective symptoms during an attack of altitude sickness, and 
many suffer more or less afterwards. 

At altitudes of 12,000 feet or above individuals may react psychologically 
m one of two general ways. Some feel tired, depressed, or sleepy, and tend to 
all asleep. Others, however, will have the opposite reaction and become euphoric, 
"ith outbursts of hilarit.y, uncontrolled laughter, or pugnaciousness which do 
not appear ludicrous or unnatural to tlie individuals concerned, although they 
aic usually aware of their moods. At an altitude of about 25,000 feet coma 
occurs. This comes on rather suddenly but not unplcasantl.v and usuall.v without 
liny subjective warning. 

In contradistinction to the relatively mild or even total absence of subjective 
•sjniptoms while at high altitude, the after effects may be very severe. This ap- 
pears to bo due to the fact that the sensory functions of the body return to 
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normal almost immediately upon returning to low altitude, while the other 
general systemic effects tend to persist for some time afterwards, provided the 
anoxia has been very severe, or even in mild cases if it has been prolonged. 

Fl 3 ung at 10,000 to 12,000 feet for a period of two to four hours is usually 
followed b 3 " a dull headache and a sense of fatigue both of which may persist for 
several hours, the fatigue generallj* being the more prolonged. As the length of 
the flights at the above altitudes increases, the aftereffects increase in proportion 
both in intensity and duration. 

Exposure to an altitude of 15,000 to 18,000 feet for a period of two to sh 
hours maj" be followed bj’' a very severe intractable headache, nausea, vomiting, 
dizziness, mental confusion, muscular wealniess, and even complete prostration. 
At higher altitudes these same effects maj' appear with shorter exposures, until 
at about 24,000 feet fifteen or twentj’^ minutes may be all that is required to 
produce them. The more severe the symptoms the longer they persist, and 
long as forty-eight to seventy -two hours may be recpiired for eomplete recovery. 

If ox,ygen instead of air is breathed at high altitude, the partial pressure of 
the oxj’gen can be maintained normal and altitude sickness prevented np to 
33,000 feet. Above that altitude the partial pressure drops below normal and 
reaches zero at 50,300 feet,® even while breathing pure oxygen. Between flioj>e 
two altitudes all the symptoms of altitude sickness occur, as described abme, 
with unconsciousness appearing at about 43,000 feet. From this it is eu ci'* 
that even with oxj^gen high altitude fl.ving is definitely limited. 

DECREASED ATMOSPHERIC PRESSURE 

The decrease of atmospheric pressure with ascent maj’’ produce fi'C difter ^ 
pathologic states in the body. Three of these are brought about by expansioi 
the gases contained in the body cavities. 

Probablj' the most frerpient difficulty experienced by passengeis and 
in flight is with reference to the middle ear. The middle ear is an air 
cavitj' which is ventilated through the eustachian tube. The 
is normally collapsed with its walls in apposition under ordinary 
and is open only during swalloiving, jmwning, and other physiologic ac ■ 
eonseriuence, during a change of altitude either a positive or a negatne 
builds up in the middle ear unless the eustachian tube is vuluntarilj ope^ ^ 
for any reason the eustachian tube is stenosed, which may occur 
coryza or pharyngitis, the middle ear cannot be ventilated and a mai 
of altitude maj- then rupture the eardrum. _ .j,,; 

A like condition occurs with reference to the sinuses when jinJ 

are blocked, in which ease, during a change of altitude, maike 
severe pain mav' develop. 

Another condition which mav occur is abdominal distention, • prs 

ease of atmosphei" i 


intestinal gases expand in direct proportion to the decrease 


ividiwl-t- >’ '' 


sure during ascent. 

Since the above-mentioned effects may' occur in 
obvious that those suffering from various pathologic — , 

adversety affected. Thus any' inflammation or infection of the mi 


normal indiv 
states may be 


its 
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nasal accessory sinuses may be aggi-avated by flight. Expansion of the gastro- 
intestinal gases will, of course, affect those with hernia, recent abdominal opera- 
tive wounds, gastric or duodenal ulcer, acute or chronic appendicitis, or ob- 
struction of tlie intestinal tract. 

The fourth pathologic state which may arise in high altitude fliglit is aero- 
embolism, a clinical condition in aviation corresponding to compressed air illness 
in deep sea diving. Tliat the compression of an individual followed by a rapid 
decompression would result in illness has been recognized for over one hundred 
years. Tlie exact cause of this condition was not definitely’ known, however, 
until the investigations of Bert were published in 1S7S. Bert showed that the 
symptoms were due to the liberation of a gas in the l)ody and that tliis gas was 
composed chiefly' of nitrogen. Aero-cinholism is a condition caused li.v the same 
general process that causes compressed air illness, witli the exception tliat the 
former occurs from compression to 2 or more atmosplicrcs followed hy' decom- 
pression, while the latter occurs from decompression from 1 atmosplici’e pressure 
or less. 

During ascent in aircraft, or in any* otlicr situation in which the at- 
niosplioric pressure is decreased, the internal partial pressure of the body 
nitrogen is above that of the nitrogen in the lungs, and the tis.sucs are, tlu'reforc, 
supersaturated. As a coiisociuence, tlie nitrogen dissolved in tlie blood begins 
to he liberated in the lungs, the nitrogen in the tissues begins to enter the blood 
.stream, and by tliis dual process the body tends to rid itself of its excess nitrogen. 
If the ascent is slow enough so that the nitrogen in the body* can be eliminated 
and not reach approximately' double its normal saturation at tlie prevailing alti- 
tude, nothing unusual will occur. If, on tlie otlicr hand, concentration of nitro- 
gen in the body becomes more than double its normal saturation value at any 
altitude prcs.sui'c, the nitrogen gas will come out of solution and form Inibblcs to 
wlucli is added some oxygen, carbon dioxide, and water vapor from the surround- 
ing blood and tissues. 

Since the elimination of nitrogen from the body* is entirely' tlirough the 
blood stream, tliosc parts of the body' or those tissues wliich iiavc the poorest 
blood supjily will be the least able to lose their excess nitrogen. Tiie blood is the 
first to lose its excess nitrogen, the body tissues (other tlian fatty’ tissues) second, 
■ind the fatty tissues last, the delay in the latter being due to botli its higher 
nitrogen content and to its poorer blood supply. That this is essentially correct 
is indicated liy’ the fact tliat with rapidly* decreased atmospheric pressures, gas 
hubbies are found in the spinal fluid and about the spinal cord at 18,000 feet 
altitude, while bubbles in the blood and body tissues generally' have not been 
found below 30,000 feet altitude. 

It is obvious tliat if one ascended slowly enough to high altitude, the 
mtiogen of tlie body would be eliminated as fast as it tended to become excessive. 

leiefore, tlie rate of ascent is important, since the nitrogen content of tlie 
tissues must ho at least twice normal at any' given atmospheric pressure before it 
but During ascent bubbles fii'st appear in tlie spinal fluid, 

II at the present time no experimental data have been olitained wliich give 
*0 maximum rate of ascent tliat can be used without those Inibble.s being 
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formed; it has been calculated that they would develop at any ascent of more 
than 78 feet per minute. 

The symptoms of aero-embolism are identical ivith those of compressed air 
illness and consist principally of joint pains, paralysis, paresis, hyperesthesia, 
embolism, pulmonary edema, and formication, neurodermatitis, or pruritus of 
the skin. 

The treatment, of course, is the returning of the patient to a region of 
higher atmospheric pressure, which in the case of high altitude flight simply 
involves a return to lower altitudes. 

In addition to active treatment there is a prophylactic measure available 
which may he utilized. This consists of the inhalation of pure oxygen for one- 
half to one hour before ascent. This eliminates most of the nitrogen from the 
body and hence the cause of the disease. 

FUTURE TRENDS 

That the cold of high altitude can be controlled by closing and heating 
cabins, that altitude sickness can be controlled up to 33,000 feet by the breathing 
of oxygen, and that attacks of aero-embolism can also be controlled by the 
breathing of oxygen have been indicated. A new method of controlling these 
problems, together with all other clinical entities peculiar to high altitude flight, 
has recently reached the stage of practical development. This involves the use 
of a pressure cabin. It will be recalled that, except for cold, aU medical prob- 
lems of high altitude flight arise either directly or indirectly from a decrease 
of atmospheric pressure. From this it should be evident that if an airplaae 
cabin were sealed pressure-tight and the contained air maintained at or nW 
sea level pressure, all these problems would cease to exist. This theory has sen 
tested and found to be successful. 

While pressure-cabin aircraft may differ greatly in details of construction 
and operation, they all uicorporate the following general features: 
in the cabin walls, such as windows, doors, and control cables, etc., are ^ ^ 

airtight against the internal positive pressure. An air compressor of somo 
is used to take in atmospheric air, compress it, and force it into the cabin un 
pressure. A cabin exhaust valve is pi'ovdded to transmit the air in the ca m 
to the outside atmosphere and thus allow the entrance of fresh air from t m 
pressor. Strangely enough this system also takes care, to a large extent a 
of the high altitude cold, for the incoming air is heated by compression. 

The pressure cabin is ideally' suited for use on commercial air lines 
passenger standpoint, since it not only eliminates the oxy^gen j,oJr 

does away' with distressing sy'mptoms from the ears and other parts o 
due to barometric pressure changes. From the operator’s standpoin 
speed and economy- can be obtained by high altitude flight, provided t e 
are of sufficient length. Based on present trends, it is believed tha 
continental and transoceanic aircraft will practically all be of the pi . 
cabin ty-pe within the next five to eight years, and that within ten 
years practically all transport lines will operate pressure cabins ^ 

This latter is based on the fact that the ear and sinus problems in passeUc, 
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always be with us at high or low altitudes until the pressure of the cabin is con- 
trolled within a very narrow range. The iircssurc-cabin airplane is easily the 
greatest contribution to human comfort and safety in flight that has ever been 
developed. 
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METHODS OP EESUSCITATION'^ 
Ralph M. Waters, M,D., JLvdison, Wis. 


I P IT exists, the opportunity to living the dead to life is rare. The sadden 
acute failure of the function of respiration or of circulation, or both, may 
result in a condition resembling death from which recovery is possible if proper 
measures are promptly instituted. It is to such "proper measures” for the 
restoration of respiration or circulation that the term "resuscitation” is, rightly 
or wrongly, often applied. The abundant margin of safety maintained by nature 
in the case of almost every other physiologic function is lacking in the matter of 
the transport of oxygen from environmental atmosphere to the tissues. Con- 
tinuous adeeprate breathing, together with adequate blood flow, constitutes this 
transport mechanism. The total failure of either respiration or circulation must 
be extremely brief if the individual is to survive. 

The length of time during which interruption of oxygen transport may 
be compatible Avith compilete recovery has lieen the subject of much speculation. 
It depends upon the condition of the cells at the instant of complete interruption 
of transport and varies from a few seconds to nine or ten minutes. The in 
dividual suffering from severe cardiac decompensation may die within fifteen 
seconds of the initiation of complete respiratory obstruction or after three 
breaths of pure nitrous oxide. At the other extreme, a healthy athlete, a tei 
a period during which he breathes pure oxygen, may safely stay under voter 
for nine or ten minutes. Recoverv of the vegetative functions has been 
following periods of arrested oxygen transport of considerable duration, 
more specialized centers of the centi'al nervous system tolerate oxygen 
tion poorly. Failirre of recovery may he preferable to recovery 
by blindness, amnesia, idiocy, or other defects of the higher centers, 
of resuscitation to he effective must Ire instituted promptly and must tiaii 
oxygen efficiently until irormal activity is restored. . 

PishcF traced the evolution of methods of resuscitation. He 
in more or less detail, almost a lurndred methods, 77 of Avhich rvere 
perform artificial respiration, and 18 rvere desigmed to re-establish j 

Iry sensory stimulation of one sort or another. With the exception of eau 
vascular massage, Avhieh is performed purposely or incidentally hr many ^ 
of artificial respiration, Fisher mentioned only four procedures imohni^ 


attack upon the circulatory system. 

Other than by the replacement of deficient blood volume by 
fluid injection, it is probable that less than 4 per cent of candidates for 


tion can 


he benefited by direct attempts to replace, restore, or stimulate 


•Froni tlie Depaftment of Anesthesia, University of AViseonsin 


XIeclic.al School. 
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culatory meclianism. The surgical nature oi direct attack upon tlie heart or 
WockI vessels makes for delay and may interfere with efficient artificial respira- 
tion. The intravascular, intnicardiac. or other administration oi so-calknl 
analeptics, when the tissue colls already suffer oxygen want, may add uisult 
to injury. The apidieation of the olevtric current to re-establish heart action, 
snegestcil by Snow* and othei's^; the dosensitization of the fibrillating heart 
by topical application or vascular injection of pivn-aine. as sugiiested by Beckk 
the intraeatvliae injection of adrenalin, and other spooialired pi*ocedures demand 
knowledge and equipment not likely to be available inultu* the XHual r-ircum- 
stanees when methods of rouscitatioii are iieoileil. 

Prompt restonition of oxygen, then, to the cells of the central nenous 
sA-stem is our primaiw- obje<‘t. Except in von* lunisual circumstances, the intro- 
duction of oxj’gen into the circulation otlier than through tlie alveoloea]>illary 
nieinbrane‘* * has not jiroved siitisfaetory. Prompt, efficient, and yet not 
traumatic or over\*isoraus. artificial n^spiration is. tiieiTioi'C. the sliet't anchor »u 
resuscitation. 


.VF.TUTOUI. BJE^SriRATlON* 

If there are 77 different methods of perfornnnir a tK-hnical praeedure (and 
Pisher did not exhaust the literature by any means*, it indicates one of two 
things. Either uo known method is s;itisfactory. or the method is of little 
importance compared with tlie uuderstandinir with wliich the method is applied. 
The latter may be presumed to be the case with methods of artificial respiration. 
5>uceess was i‘oj>orted by the originator of each of the 77 methods. \Thy? Un- 
doubtedly some of the individuals *‘rt‘suseitate<r' would have re-established 
adequate oxygen transport without treatment. However, the originator of a 
Ricthod in everj- case had devoted time ainl tliouulU to the prablem involved. 
His effort to maintain a .<:ultstitute for normal respiration was performed in- 
telligtntly. and tlie i-esiiU was sjitisinetory. However vigorously the chest be 
^lueezed ’ or the upper air passaces ’'blown into * — be it by hand or machine — 
^less oxj'gen b replenblml in the alveoli, the result will be valueless. Xot 
^re<piently has an efficient method of artifieial i*espiratioii been applied in the 
presence of an obstructed glottis and with negative n^sults. All too fi'etiuently 
do we waste valuable seconds or even minutes in piiH-uring a piece of mechanical 
^Pparatus or a cylinder ^of oxygen to treat respiratoiw failure, when our own 
nils or onr own respirator>- muscles could have been used instantly to coax or 
-eree air containmg oxygen into the victim's lungs. 

It b possible, as demonstraltHl i>y Robert HcK>ko in llie seventeenth ceiitiuy, 
^d. popularised by iloltzer and Auer in to i>eriorm "I'ospiratiou without 

f^^iratory movement.” Tlib means that if the deeper air spaces are flushed 
^ ' a continuous stream of air or oxygen, an ade»iuate tension of o.xygen can 
alveoli, and the carbon dioxide tension can be kept below 
initia* ^ there is insufficient acid stimulus at the respiratoiw- centers to 
, ‘ tnovement. Only under unusual circumstances is such a technique of 


^ortnal respiration thought advi^ble in present-day practice. If 
^^^Jratoiy- arrest b encountered in a viable patient, good practice 
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T F IT exists, the opportunity to bring the dead to life is rare. The sudden 
acute failure of the function of respiration or of circulation, or both, nia;' 
result in a condition resembling death from which recovery is possible if proper 
measures are promptly instituted. It is to such “proper measures” for the 
restoration of respiration or circulation that the term “resuscitation” is, right!} 
or wrongly, often applied. The abundant margin of' safety maintained hr nature 
in the case of almost every other physiologic function is lacldng in the matter of 
the transport of oxygen from environmental atmosphere to the tissues. Con 
tinuous adeeprate breathing, together with adeejuate blood flow, constitutes this 
transport mechanism. The total failure of either respiration or circulation rand 
be extremely brief if the individual is to survive. 

The length of time during which interrujotion of oxygen transport nia.r 

be compatible with complete recovery has been the subject of much speculation 

It depends upon the condition of the cells at the instant of complete interuT i^^ 

of tran.sport and varies from a few seconds to nine or ten minutes.^ ® ^ 

dividual suffering from severe cardiac decompensation may die vithm 

seconds of the initiation of complete respiratory obstruction or after 

breaths of pirre nitrous oxide. At the other extreme, a healthy 

a period during which he breathes pure oxygen, may safely star un er 

for nine or ten minutes. Recovery of the vegetative functions has been 

following periods of arrested oxygen transport of considerable 

more specialized centers of the central nervous system tolerate o.xygen 

tion poorly. Failure of recovery may be preferable to recoreir 

by blindness, amnesia, idiocy, or other defects of the higher centers. 

of resuscitation to be effective must be instituted promptly and mus 

oxygen efficiently until normal activitv is restored. ., j 

.• Tie descni)'-'' 

Fisher^ traced the evolution of methods of resuscitatioi . ^^enipt- f'’ 
in more or less detail, almost a hundred methods, 77 of which veie 
perform artificial respiration, and 18 were designed to 
by sensory stimulation of one sort or another. With the 
vascidar massage, which is performed purposely or incidental!.' m (jired 

of artificial respiration, Fisher mentioned only four procediiics m' 
attack upon the circulatory system. 

Other than by the replacement of deficient blood volume b.' 
fluid injection, it is probable that less than 4 per cent of the cil- 

tion can be benefited by direct attempts to replace, restore, oi s im 
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dilatory mechanism. The surgical nature of direct attack upon the heart or 
blood vessels makc.s for delay and may interfere with efficient artificial respira- 
tion. The intravascular, infracardiac, or other administration of so-called 
analeptics, when the tissue cells already .suffer o-vygen want, may add insult 
to injury. The application of the electric current to rc-cstahlish heart action, 
suggested by Snow* and others"’; the desensitization of the fihrillating heart 
by topical application or vascular injection of procaine, as suggested by Beck’’; 
the intracardiae injection of adrenalin, and other specialized procedures demand 
knowledge and eiiuipment not likely to he available under the usual circum- 
stances when methods of resuscitation arc needed. 

Prompt restoration of o.'cygen, then, to the cells of the central nervous 
sy.stem is our primary object. Except in very unusual circumstances, the intro- 
duction of oxygen into the circulation other than through the alvcolocapillary 
membrane*' * has not i)roved satisfactory. Prompt, efficient, and yet not 
traumatic or overvigorous, artificial respiration is, tliereforc, the slieet anchor of 
iv.suscitation. 

ARTIFICIAE RKSPIRATIOS' 

If there are 77 different methods of jrerforming a technical juoccdure (and 
Fisher did not o.xhaust tlic litorattire by any means), it indicates one of two 
tilings. Either no known motliod is .satisfactory, or the method is of little 
importance compared with tlic understanding with wliich the mctliod is applied 
The latter may ho presumed to he the ease with methods of artificial respiration. 
Success was reported by the originator of each of the 77 methods. Why! Un- 
doubtedly some of the individuals "I’esuseitated” would have ro-establi.shed 
adequate oxygen transport without treatment. However, the originator of a 
method in every ease had devoted time and thought to the problem involved. 
Ills effort to maintain a suhslitufe for normal respiration was performed in- 
telligently, and the result was satisfactory. However vigorously the chest be 
squeezed” or the upper air passages ‘‘blown into” — bo it b.v hand or machine — 
unless oxygen is replenished in tlie alveoli, the result will he valueless. Not 
mfiequently has an efficient method of artificial respiration been applied in the 
presence of an obstructed glottis and with negative results. All too frequently 
0 we waste valuable seconds or even minutes in jirocuriug a piece of mechanical 
uppaiatus or a cylinder ^of oxygen to treat respiratory failure, when our own 
lands or our own respiratory muscles could have been used instantly to coax or 
orcc ah containing oxygen into the victim ’s lungs. 

It is possible, as demonstrated by Roherl Ilooke in the seventeenth century, 
an popularized by ilcltzer and Auer in 1909,’ to jierform ‘‘respiration without 
'iwuns that if the deeper air .spaces arc flushed 
H^i 1 a continuous stream of air or oxygen, an ade(|uatc tension of oxygen can 
alveoli, and the carbon dioxide tension can lie kept below 
initiat ' in.sufficient acid stimulus at the respiratory centers to 

icpl^ ° ™“''<uncnt. Only under unusual circumstances is such a technique of 
sudden”" respiration thought advisable in present-day practice. If,-, 

fespiratorj- arrest is encountered in a viable patient, good practic 
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dictates that we shoiii'd initiate rhythmic exchange of alveolar atmosphere at 
once bj’- the most available method at our immediate command. 


TECHNICAL CONSIDERATIONS 

Normal breathing while at rest is accomplished by intermittent exaggera- 
tion of the subatmospheric intrapleural pressure. It is brought about chiefly by 
synchronous contraction of tlie intercostal muscles and tlie diaphragm. Under 
stress normal breathing is probably a combination of active alternate increase 
and decrease of pleural pressures. When respiratory muscles cease activity, tie 
lungs are held partl,y filled at atmospheric pressure by the negative pressure in 
the pleural cavities, in spite of the elasticity of lung tissue which is tending 
to collapse the lungs and force the contained atmosphere out. To maintain 
rhj' thmic exchange of the atmosphere in the alveoli, three physical changes and 
combinations of these are available: 


I. Intermittent exaggeration of negative intrapleural pressure. 

II. Intermittent increase of pressure in alveolar spaces. 

III. Intermittent decrease of negative intrapleural pressure. 

I. Intermittent Exaggeration of Subatmospheric Pressure. — Silvester m 
1858^° described a manual maneuver which accomplished artificial intermittent 
exaggeration of the negative intrapleuiml pressure in a manner simulating 
normal. With a pad under the shouldei's and the patient in the supine positi®; 
the arms are raised over the head elevating the ribs, the pleural negative prfs 
sure is increased, and air rushes into the lungs. When the arms are . 
to the sides, the ribs fall, the pleural pressure becomes less negative, an ^ 
rushes out of the lungs. He recommended that the arms be pressed agains 
ribs as they are returned to the sides to aid in expiration. 

Woillez previous to 1881,^^ and more recently' Drinker” and otheis, 
popularized mechanical respirators, surrounding the trunk or the v 
below the neck with an airtight box in which the pressure can be 
reduced, thus raising the ribs and the abdominal wall and imitating 
bined effect of intercostal and diaphragmatic action on the intrapleuia pi 


(see under III). 

II. Intermittent Increase of Pressure in Alveolar Sjmces.- 


■ intermit^’'* 


J.J.. JL'JLVVt UJ I ' - pc 

transmission of positive pressure to the alveoli through the air P‘ ^ 
probably the first method of artificial respiration described. Severa 
in the Bible have been so interpreted.^^’ Vesalius maintained 
this means while he demonstrated the movements of the heart when of 

thoracic wall of animals had been removed. Intermittent direc 
the lungs by hand pressure on a rubber breathing bag respii^' 

or artificial airway is the common method used by the anesthetis 
tion ceases. He finds it possible to maintain adequate ventila mn 


iier.”’ ijjg luDp 

Numerous mechanical devices have been constructed to m Y^saliu?- 
intermittently'. The fireside bellows is said to have been 
Goodwyn in *1786 described an especially made syringe, • an 
since that time has had its favorite for the purpose. 
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III. Intermittent Decrease of Negative Intrapleural Pressure . — To decrease 
the negative or subnormal pressure in the pleural cavities and thereby cause 
atmosphere to rush out of the alveoli through the air passages (followed by 
passive inspiration), the thoracic cage must be made smaller by depressing tlie 
ribs or pushing the diaphragm upward, or both. The Schafer prone pressiu’e 
manual method of artificial respiration'® typifies the application of this principle. 
Simple intermittent pressure on the ribs or abdominal wall does the same. 
Jlechanical devices by which the trunk or part of it is inclosed in an airtight 
rigid container can be used to decrease the negative intrapleural pressure if 
positive pressure is intermittently applied inside the container. 

The combinations of these three principles of maintaining atmospheric 
c.xchange are many and varied. S 3 ’nehronoiis application of I and II, alterna- 
tion of II and III, and alternation of I and III have been advocated. Accom- 
plishment is suggested b^’ alternating changes of position of the whole body, b.v 
manual manipulation of various parts, and by cumbersome'® or beautifully 
intricate*® machines. Hand power, foot power, electric motors, and compressed 
gas, all have been and are being used to motivate such equipment. 

In general, it may be said that manual maneuvers or direct inflation of the 
lungs from the operator’s own respiratorv tract have the advantage of instant 
availability and intimate personal relation to tlic effort, resulting in the likeli- 
hood that the rescuer will more readil.v appreciate defects in the methods, such 
as an obstructed airway and inadequate or excessive exchange. The actual 
method of performing artificial respiration is relativel.v immaterial. In circum- 
stances where the respiratory tract is free of contaminating material, direct in- 
flation of the lungs by blowing intermittcntlj’ through the patient’s mouth or 
nose is probably the most readily available. The oxygen cylinder, breathing bag, 
and mask ought to be available in hospitals and emergency kits. The Silvester 
method is as efficient as otiicr manual methods.*' If the tract is contaminated 
bj foreign material, as after vomiting or drowning, and suction apparatus is 
not available, the Schafer prone pressure maneuver is safer. Tlie instant appli- 
cation of some method of intermittent exchange, when natural effort ceases, is 
»I1 important. 

Hcchanieal apparatus is constructed partially- of rubber which detenorates, 
"'-■'chinery which gets out of order, of weighty substances which are 
• ' lo transport. Delay in the application of apparatus is the rule, not 

'c exception. If resuscitation is attempted with apparatus as promptly’' and 
mtelligentlj' as with manual maneuvers or direct inflation, the result maj" 
hetter. The enrichment of tlie atmosphere with ox.ygen is 
_aiia le in either circumstance, and trauma or overventilation,** as well as 
equate atmospherie exchange, may result from our efforts. A mechanical 
and as efficient as the phj'siologic intelligence and technical 
lo"' ''’bo operates it and no more so. Comiirehension of the physio- 

o’e^ actors involved and intelligent direction of the effort b\' an experienced 
>sicmn are essential whatever the method employed. 

norm rhythmic change in intrathoracic pressure experienced in 

^ reathing has an important influence upon blood flow has never been 
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satisfactorily determined. In desperate circumstances intermittent high pressure 
(40 to 60 mm. of mercury) chest inflation in performing artificial respiration 
with oxygen has been observed to propel blood through the vessels.^^ ‘Whether 
the usual rational efforts at performing artificial respiration may aid in main- 
taining an adequate blood flow has not been determined. Clinical experienec 
leads me to lielieve that pulmonary circulation, at least, is influenced liy rhythmic 
filling and emptying of the lungs. Attempts to substitute "respiration -without 
respiratory movement” during open chest operations have been associated, 
after a period of fifteen or t-\venty minutes, with circulatory depression that 
appeared to be dependent upon the absence of the movement of the lungs, since 
circulation seemed to improve wlien intermittent inflation was resumed. 


RESUSCITATION AND THE PHYSICIAN 


It is obvious that there are many maneuvers capable of maintaining satis- 
factory exchange of the alveolar atmosphere rvhen normal respiration ceases. 
Two factors more important than the method liy which exchange is brouglit 
about are (a) the promptness with which the artificial method is initiated after 
normal activity has ceased; (b) the intelligence and physiologic understanding 
with which the method is applied. Because of a realization of the necessity for 
promptness, lay rescue squads were instituted and trained to function in the 
absence of a physician until one could reach tlie patient. Tliey have served a 
useful inirpose, but, as a result, the medical profession and the public liave come 
to look upon "resuscitation” as a nonmedieal effort. Medical schools neglect to 
teach the clinical application of physiologic principles to the care of aente 
respiratory morbidity. IMany young jihysieians come to their internships d^ 
pendent solely upon such knowledge and skill as tliey have gained from their 
Boy Scout training. Practitioners of medicine rush to the telephone to o® 
rescue squads from the police and fire departments while patients die wlio cou 
be rescued. To the disgrace of present-day medical education, sudden failure 
of res])iratiou is not a rare cause of death in the wards and operating loom 


of the modern hospital. 

kledical training must include knowledge and skill in the rapid re-estaiilbh 
nient of a free and open airway'. Specific instruction in the anatomy of u 
air passages, as it applies to the transfer of atmosphere to and from the a veo ■ 
the use of a simple laryngoscope — its advantages and dangers — ^the nontrainm 
inseilion of an artificial airway', the use of suction or gravity' to remove contau 
Dating foreign substances, and the physiologic principles of oxygen and car 


dioxide transport, all tliese as well as method.s of artificial respiration, 
included in the training of a physician. Btjuipped with such 
skill, tlie phy'sician will instinctively' do the right thing in a moment o 
gency. Clearing the airways and accomplishment of exchange will he 
because they are instinctive. Pacilitv in the care of respiratory 
taught b.v the department of anesthesiology. Anesthetized ])atient.s can ■ 
as demonstration material to the advantage of jiatients as well as stu en 
experience is acquired when no serious emergency exists, the loss oi 
waste motion characteristic of excited persons in an emergency may ’C 
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‘‘Eesuscitation” is not the resurrection of the dead, but the re-cstahlishment 
of oxygen transport from atmosphere to l)ody tissues when either factor in that 
transport has been siiddenl.v interrupted. 

The restoration of circulation, once it ceases, is rarely possible. Treatment 
directed at the heart and blood vessels other than tlie injection of blood and 
otlier fluids is indicated only in unusual cireunistances. 

The most logical procedure in emerj?encies demanding resuscitation is the 
provision of (a) a free and unobstnicted airway; and (h) intermittent exchange 
of alveolar atmosphere containing excess oxygen. 

Mechanical devices -will rarely be needed if instant intelligent aid is at hand. 
They do not produce more adequate excliangc tlian direct inflation from the 
operator's own lungs or manual maneuvers, nor higher concentration of oxygen 
than a simple oxygen cylinder, breathing bag and mask, and they may over- 
ventilate or traumatize the lungs. Their sole advantage is seen in case.s requiring 
long periods of artificial respiration, such as drug poisoning, paralyses, and the 
like, when the operator might become exhausted. Earel^' will such cases come 
under the clas.sification of “resuscitation". 

Finally, the re-establishment of the physiologic functions which transport 
oxygen is ^rithm the physician’s province. The fact that some doctors even in 
hospital practice are dependent on lay rescue squads i.s a reflection on medical 
education. 
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CLINICAL PATHOLOGY: PAST, PRESENT, AND FUTURE' 


Robeht a. Kildufi'e, AAL, 3I.D., Ati.axtic Citv, N. J. 


E ven tlie most casual observer must admit that medicine — wliieli includes 
all that pertains to the recognition, management, and control of disease — 
is in a constant state of flux. So many, so varied, and so continual have been 
the advances in the last twenty-five years that the limit.s of the future may 
almost be thought to be defined only by the limits of the imagination. Par- 
ticularly ma.v this be said of that phase of medicine which has come to be loiown 
as clinical pathology, at long last officially recognized for what it has long 
been in actuality — a specialized, and highly specialized phase of the practice of 
medicine. 

No one will deny that the firet and most important step toward the solu- 
tion of a clinical problem is the recognition of its nature. In other words, 
accurate diagnosis is the e.ssential pi-ereqnisite for intelligent treatment. 

When disease could be regarded as a manifestation of the UTath of venge- 
ful god.s, diagnosis was indeed an easy matter. But as the centuries rolled on, 
imperceptibly merging the past with the present, human nature became less 
credulous, and concepts of disease less and less associated with dogmatic formu- 
las and more and more dependent upon attempts at the logical and rationalized 
interpretation of observed phenomena. 

Inevitably it came to bo realized that it was not enough to give the disease 
a name. And as the realization of the necessity for more than this became 
keener, the more persistent and searching were the endeavors to uncover the 
underlying, basic mechanism upon which' the phenomena of disease depend. 
Fascinating as is the story of these developments in retrospect, it cannot be 
told here. For the way was long and devious, the forward steps slow and toil- 
some, and the history of medical progress, though colorful, cannot be told briefly. 
Suffice it to say that each advance made more clear the concept upon which 
modern medicine is based: That just as health, in the last analysis, is a condi- 
tion characterized by perfect and frictionless functional efficiency, so disease, 

on the contrary, is tlie manifestation of disturbance, alteration or loss of func- 
tion. 


Prom this concept clinical pathology was derived. For while it is obvious 
at the skilled phj-sician is characterized by the degree to which he has culti- 
'ated his powers of observation as well as — what is equally important — the 
egree to which he has developed ability to interpret the significance of what 
e 0 sort es, it is equally obvious that there arc inescapable limits to what may 
*'®'°t'tained by clinical obsen-ation alone. 

serration, which signifies the accumulation of pertinent data by all or- 
mary means, may well lead, for example, to the clinical suspicion that the 
— 13 a diabetic. But no amount of ordinary observation suffices to demon- 

•From the Laboratories, Atlantic City Hospital. 
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stpate tiie essential, pathognomonic evidence of the disease— hj'perglyeoinia. For 
this, recourse must he had to the specialized methods of the clinical lahoratorj'; 
and so there came into being what, for a lime, it was customary to speak of as 
‘‘laboratory medicine” in which the “lest” was the thing. 


Now AvJiile laboratory procedures are best and most properly thought of 
as specialized pliases of the examination of the patient, the early days oi “lali- 
oratory medicine” present aspects at times suggesting merely an elahoialion 
of an older order exemplified by the urologist of the past who, from his staml 
in the market place, from a paucity of data drew pontifical prognostications of 
extraordinary inclusiveness. It .seems not altogether unjust to see some faint 
shadow of his counterpart in the surgeon of old, for whom a avhite cell ami 
differential count plumbed the depths of scientific medicine, or the clinician of 
the same day for whom gljmosuria and diabetes were .synonymous, and alira- 
minuria made the diagnosis of “Bright’s disease.” 

liledieine, like all human endeavors, has a tendency to go to extremes, h 
this so-called early’ phase of laboratoiy medicine evidenced a tendency to ewd 
imposing diagnostic structures upon somcwliat slender laboratory foundations, 
the phase that followed was often cliaraclerized b.v a multitude of laboraton 
reports as ipso facto evidence of a prodigal expenditure of all the resources of 
medical science. 

In this streamlined present we are likely to think of those days as rep 
long ago indeed. But it was only’ in 1924 that hlacCarty^ commented that la 
a series of 60,645 patients there rvex’e recorded 225,785 laboratory tests, an aiff 
age of over 3 per patient. This .shows, MacCarty’ adds, that “clinicians recognize 
that the diagnosis of disease is no longer covered by hi.story, inspection, pa pa 
tion, and auscultation.” 


It may be further commented that the series in question comprises cas® 
seen in a well-organized and outstanding clinic and that the lahoratoiy 
dures in ({uestion may, therefore, well be a.s.sumed to have been clearly ni ica 
and wisely chosen as lilvcly to be truly informative. This should be emp'asiza^ 
for it cannot well be denied, and certainly will not be denied by 
Jiospital laboratories in general, that such laboratories are not infrequent j ea^^^^ 
upon for examinations not abvay’S pi’odnctive of essentially significant 
In other words, it can safely’ be .said that a definite number of 
constitute “routine” procedures mainl.v for record purposes, and tlia ° 
are neither necessarily wisely’ chosen, truly’ indicated, nor likely to he pio 
of clinically applicable or utilizable information. . 

If there should be a desire to question thi.s, proof ean he found 
requisitions for “ biood chemistry’,” for “general examination,” and so on,^ 
the experience of almost any’ clinical pathologist. And if this is 
pitals whore the staff is pre.sumably’ chosen on the basis of attainments, 
ment is required on the “office laboratory’” where the technician of 
ing reigns supreme even though she may’ be simply’ the office attendan 
liy the clinieian. _ 

Few have been (luieker than the clinical pathologist to recognize 
what, later, clinicians perhaps moi-e loudly and frequently iiroelaimc* • 
clinical value anrl utility of laboratoiy procedure.s is lia.sed es.sentially upe 
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critical selection in accordance with the particular clinical problem at liand, and 
equally essentially upon the intelligent and critical evaluation of their results. 
It cannot be overemphasized tliat the methods of tlio lal)oratory are essentially 
specialized phases of tlie examination of the ])atient. the ])urpose of wliieh is to 
detect and to measure alterations in function, the essenlial i)henomena of dis- 
ease whose existence, degree, and intensity can seldom be ascertained in any 
other way. 

Once it is appreeiated that the clinical value of any laboratory procedure 
depends, not upon its nature, but upon the intci’pretation of its results, the 
inevitability of the evolution of the clinical i)athologist heeomes apimrent. For 
as the investigations into the essential and interlocking concomitant phenomena 
of disease eml)raced a necessarily widening field and developed into more and 
more complex and inclusive phases of i)hysiology. immunology, serology, bio- 
chemistry, and the related jilienoiuena of tissue growth, destruction, and repair, 
“lahoratoiy medicine” became lc.ss and less primarily concerned with methods 
and technique and more and more focussed upon underlying basic principles 
and applications. 

Inevitably the cloistered pathologist of old, engimsed in the study of the 
aftermaths of disease as evidenced in the dead, gave way to the clinical patholo- 
gist whose interest lay in the phenomena of disease and their development and 
progi’ess in the living patient. 


In its early days clinical i)athology may well have been regarded as a spe- 
cialty in which it was relatively easy to become skilled and comi)otont, prin- 
cipally because this was largely an ora of technical developments and the inter- 
pretation of laboratory procedures seemed relatively simiile and well defined. 
Hut ns the field became more and more inclusive, methods more complicated 
as well as more numerous and, particularly, their basic principles more intri- 
cate, clinical pathology became indeed complex, csiiceially in its implications. 
Hence the clinical pathologist worthy of the name was forced to become to 
the limit of his ability an authority upon disease and its varied phenomena. 

The clinical patliologist of today, therefore, is not, nor can he be, defined — 


once was rather widely held — as an individual charaelerized mainly by manip- 
u ative dexterity. On the contrary, many an outstanding clinical pathologist 
'\oiild be the first to admit that in purely tcelmical aptitude he may well he 
outstripped by many of his technical assistants. His place in modern medicine 
and his value to it rest not upon liis ability to “make tests,” but rather upon 
us ability to indicate, first, whicli aA'enues of laboratory approach may best be 
suited to the particular clinical problem, and, second, how the phenomena 
r emonstrated by their results may best be interpreted in the light of all avail- 
aie data. Hence the term *‘cUnicaJ pathologist,” for clinical training and 
0 inical experience are essential. Wliile he may learn technical minutia from 
* 00 's, just as he may learn signs and s.ymptoms from books, he must learn 
leiiie of which clinical pathologj- is a phase comprehensive in it.s implica- 
lons at the bedside from a study of the patient. 

tio ‘^Hnical pathology in its most desirable asjiects represents a coordina- 
tlrit ° clinical and laboratory aspects of disease is exemplified by the fact 
outstanding surgeons and clinicians not infrequently have served an ap- 
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strato the essential, pathoguomonie evidence of the disease — hyperglycemia. Fui 
fliis, recourse must be had to tlie specialized methods of the clinical laboratory; 
and so there came into being what, for a time, it was customary to speak ol a< 
"laboratoiy medicine" in which the ‘'test" was the thing. 


Now while laboratory procedures are best and most properly thought of 
as specialized phases of the examination of the patient, the early days of “lah- 
oratory medicine” present aspects at times suggesting merely an elaborafioii 
of an older order exemplified by the ui-ologist of the past wlio, from his shiaii 
in the market place, from a paucity of data drew pontifical prognostications of 
extraordinary melusiveness. Jt seems not altogether unjust to see some faint 
shadow of his counterpart in the surgeon of old, for whom a white cel! and 
differential count plumhed the depths of scientific medicine, or the clinician of 
the same day for whom glycosuria and diabetes were synonymous, and aihn- 
minuria made the diagnosis of "Bright’s disease." 

Medicine, like all hnman endeavors, has a tendency to go to extrcme.s. h 
this so-called early phase of laboratoi'y medicine evidenced a tendency to erect 
imposing diagnostic structures upon somewhat slender laboratory foundation, 
the phase that followed was often characterized h.v a multitude of labovatoiy 
reports as ipso facto evidence of a prodigal expenditure of all the resources m 
medical science. 

In this streamlined present we are likely to think of those days as vep 
long ago indeed. But it was only in 1924 that MacCarty’ commented tbai 
a series of 60,645 patients there were recorded 225,785 laboratory tests, an avu^ 
age of over 3 per patient. This shows, MacCarty adds, tliat ‘‘clinicians rccognwc 
that tile diagnosis of disease is no longer covered by history, inspection, pa P-' 
tion. and ansciiltation. " 


It may he further commented that llie series in question comprises 
seen in a well-organized and outstanding clinic and that the laborator.i proef 
dui'e.s in question may, tiierefore, well he assumed to have been clearly m 
and wisely chosen as likely to be truly informative. This should be enip 
for it cannot well be denied, and certainly will not be denied by 
hospital laboratories in general, that such laboratories are not infrequent } 
upon for examinations not always productive of essentially significan < 

definite number of laboratoii ie!> 


and that oliifP 


In other words, it can safely be said that a 

constitute "routine" procedures mainly for record purposes, •odiichu'' 

ai’c neither necessarily wisely chosen, truly indicated, nor likely to be pi on 
of elinieally apidicablc or ntilizable information. , 

If tliere should bo a desire to question this, proof can^ be foum J 
requisitions for "blood chemistry, " for "general examination,'’ and so on,^ 
the experience of almost any clinical pathologist. And if this is 
pitals where the staff is presumably chosen on the basis of attainmen s, 
ment is required on tJie "oifiee laboratory” where the technician of 
iug reigns supreme even though she ma\- be simply the office attenco 
by the clinician. . 

Pew have iieen quicker than the clinical pathologist to tl;.* 

what, later, clinicians perhaps more loudly and frequently proclaim^ - 
clinical value and utility of laboratory procedures is ha.sed e.s.senti<v } R 
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intervening period there was mucli to indicate that the trend of clinical pathol- 
ogy was — if slowly — moving toward the ideal described. 

If, on the one hand, there are more and more hospital laboi-atory directors 
whose functions are truly those of eoordinatoi-s, liaison officers between the lab- 
oratorj- and the wards, on the other, there are still hospital laboratory directors, 
physicians, who arc denied a place on the medical staff; and others — many 
others — who are not physicians and whose training has been essentially purely 
technical. 

Can the present trend eontinuc? AVhat will bo the trend of the next ciuar- 
ter of a century? He would be brave indeed who would attempt to answer 
these questions with any assumption of finality. It is well, however, to take 
stock of the situation and to at least marshal the facts which may well govern 
it in the future. 

It is a matter of fact and record that there arc not at present enough com- 
petent and accredited clinical pathologists to go around. This is the reason 
why it is necessary for hospitals to .skirt approval, so to speak, by the not 
always entirely satisfactory expedient of the part-time pathologist shared by 
several hospitals. It is also the reason for the somewhat anomalous situation 
in which directors of hospital laboratories are neither physicians nor truly clin- 
ical pathologists. 

If the present supply of clinical pathologists is insufficient, what are the 
prospects for the future supply? 

Now it will bo admitted that for the development of a clinical pathologist 
as a finished product tliere must be, first of all, a clinical pathologist in embryo. 
Like physicians in general, clinical pathologists reach their peak of ability and 
skill only after long training and experience; and, again like physicians in gen- 
eral, not being immortal, they eventually cease to function. If there is need — 
as who can doubt ? — for maintaining the strain, not to mention the desira- 
bility of increasing its numbers, they must he replaced as they wear out, and 
such replacement can come only from those wlio follow willinglv in their foot- 
steps. 

It is food for thought that in these United States there are less than 500 
c mical pathologists certified as such, by the American Board of Pathology; less 
'an 1,000 on the rolls of the American Society of Clinical Pathologists; and 
'cry probably not more than 2,000 in all engaged, with varying degrees of 
propriety, in this field of medical practice. What provision is there to balance 

c inevitable decrease in these numbers arising from the fact that flesh is 
mortal? 

may be admitted, indeed, in these days when the economic aspects of 
dis are so constantly, vociferously, and at times even acrimoniously 

™®e it is being generally admitted — that the practice of medicine has its 
Kmess aspects. Certainly, if there are to be doctors, they and their families 

Inv V clothed. This is equally true of those physicians who 

c chosen to be clinical pathologists. 

it mav'^ ^n'v,^^ believed, as it may he, that “the laborer is worthy of his hire,’’ 

' the cl* ^*^1 ^ pertinent to speculate upon the relation of economic aspects to 

mica pathologists of the future. For it cannot be denied that in some 
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measure these will be a factor in determiuiiig the future supply of clinical 
pathologists. And, if it is true that the trend of the present may, to some de- 
gree, forecast the trend of the future, this may well be pondered upon. 

It seems entirely probable that the clinical pathologist practicing this sjse- 
eialty as a private individual will be eventually, if he is not now, a thing of 
the past. This assumption may be supported by various factors of wiiicli the 
follow'ing are not tlie least important; (a) The gradual invasion of the diagnoi- 
tic and even the therapeutic phases of medical practice by state boards and de- 
partments of health under the aegis, and with the full encouragement and 
financial support of the Federal government, (b) The even more aggressive 
invasion of medical practice in all its phases by the programs formulated by 
the United States Public Health Service under its Surgeon-General, (c) The 
increasing invasion of medical practice b.v hospitals and other corporate bodies 
in coniieetion with “hospital insurance” and “sickness insurance” plans. 

^Vhile the.se may he regarded as the spearhead of the attack, among the 
auxiliary forces contributing to the extinction of clinical pathology as a phase 
of the private practice of medicine may he noted; (a) the “diagnostic labors 
tory operated by the trained technician; (h) the purely commercially owned an^ 
operated “clinical” and/or “diagnostic” laboratory not infrecjuently attiactinr 
“business” by discounts, and so on; (c) the drugstore laboratory doing mma 
yses with the help of the directions given in the pharmacopeia. 

It could be truthfully said that these auxiliary forces could^ Rot exist nor 
survive except for the support given them by the practicing physician ■ 

But it is of little avail to point this out. If commercial laboratories su ei ron 
attrition, it will result fi'om the drain of the “office laboratory 
numerically increased by leaps and bounds since the depression for leiy o)'io > . 


and in the main purely economic, reasons. 

In the face of these facts the reluctance of young physicians 


s to enter tlic 
of the reasons 


field of clinical pathology is readily explainable, for at least one ol 

for engaging in the practice of medicine is the belief that it 

satisfactory remuneration. Wliile this may come deservedly ^ coor- 

pathologist who has achieved through his attainments tlie status o 

dinator, correlator, and consultant, or to him who becomes a speem is j 

a specialty — as the tissue or hematologic diagnostician — ^thesc must )c 

by long years of training. Under present circumstances it i.s hat 

that small numbers are entering into the field of clinical pathology • 

what strange that clinical medicine can observe ivith only 

est, if not with ecpianimity at least without outward perturbation, ' ,,ji 

disappearance of a phase of medical practice by attrition 

fronts; it is strange because what can happen to any one special y 

can also happen in greater or lesser degree to any other specialty a.s < 


ualized endeavor. 4- . one reason 

It is at times even painfully apparent that clinicians, lor ologf 

another, have showm some tendency to regard the problems of , 

wCvW. It is »1S0 tn,e. and a,ay become e,«aliy I-”"' 
tliat the ])roblcms of medicine as a whole cannot be divided mt jl,. 

of separate specialties. For just as the specialist cannot safe. r- 
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patient as consisting only of tlic ])articiilar part, organ, or function witli wiiicli 
the specialty itself is mainly concerned, but must see him as a coordinated, 
interlocking whole, so the physician must look upon medicine as a whole and 
appreciate that what affects it in part may well have repercussions on the whole. 

There are, without doubt, many reasons, some of them not easily defined, 
for the separation of clinical pathology from clinical medicine. It may be 
due in part to persistence of its association in many minds with its purel.v tech- 
nical aspects; in part, it may arise from the very complc.\ity of the sub,iect 
which tends to make men think, not of clinical pathologists, but of immunolo- 
gists, serologists, biochemists, hactcriologisls, tissue diagnosticians, and so on, 
as if all these must necessarily he separate specialties, whereas, in present days, 
the clinical pathologist — if he is to phay bis proi)er part in the understanding 
of disease — must be oriented in all of these. 

It must he admitted too, that clinical pathologists have not always been in 
the fore in emphasizing the true status of their specialty and their own status 
in the field of medical iiraeticc. The clinical pathologist, it is true, must by 
his deeds and his accomplishments demomstratc his worth in the general field of 
medical practice and, having done so, is entitled to j-cceive — and, if necessary, 
should demand — the same i)rofessional status accorded to the specialist in any 
field. 


As Inglis^ has recently reiterated; “A well-trained pathologist endowed 
with the true scientific spirit, one who can win the eonfidenee of his clinical 
brethren, will prove to be a boon to any group of practitioners. In competition 
'vith none, he can, in his special field, be adviser to them all. If he is of the 
right calibre lie will bring an interest into their work such as they never 
dreamed of, and, should there bo some who feel overburdened with monotonous 
routine, he may save them from becoming mere carpenters and pillmongcrs of 
the profession. To do all this a man must be endowed witli high qualities and 
that is why those who arc devoted to pathology hope to attract to its ranks the 
very best of our graduates." 


It is well that clinicians at large should be reminded of these facts, for 
e inical pathology is an e.ssential phase of clinical medicine. There is today no 
escape from this important and pertinent fact. 

I, ^''erc has been much discussion of the pre.scnt trend toward the so-called 
socialization of medicine.’’ But there has been little apparent interest in, 
■>n .still less apparent appreciation of, the fact that the socialization of clinical 
pat lology is well on the way if, indeed, it is not already here in appreciable 
measure. Let it he noted well that when the socialization of one phase of medical 
piacficc is fully and openly accomplished, the socialization of others will in- 
evitably follow. 

0"v medicine will do well to regard the present trend of clinical pathol- 

be^l'totr lethargy and equanimity than is customary. It may not 

dem of wisdom to ignore the present problem of supply and 

eept™ of pathology, to leave its .solution to the future, or to ac- 

aii infl bhe influx of the emigree — unlc.ss, of course, it is felt that such 

end denrn "d ncceptable answer to the problem of medical supply 
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Unless men of proper caliber can be induced to enter the field of clinical 
pathology, to spend the time required for prolonged and essential training, medi- 
cine in general will suffer, and hospitals — which must be looked upon as centers 
of post-graduate training — will be increasingly unable to fulfil the function and 
the destiny which are properly theirs. 

It should be frankly said, as Inglis^ has said, "to choose for responsible 
pathological appointments refugee doctors Avith inadequate special experience, 
because they are willing to accept the remuneration and status of technicians, 
would be umvise." 

The future of clinical pathologj'- and, indeed, the future of medicine itself, 
may Avell be said to rest on the lap of the gods and of a Delphian oracle to 
interpret or to prophesy there is no sign. 
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TUBERCULOSIS— PRESENT AND FUTURE 


Gerald B. AVf.bd, Jr.D., Colorado Springs, Colo. 


TN HOST parts of the world Aviiere statistics have been kept tlie death rate 
from tubercnlosis lias been steadily declining for about one hundred years. 
About 1780 the estimated death rate from consumption in England was 
650 per 100,000 living inhabitants. 

ft is expected that the deatli rate in the United States will fall below 45 
per 100,000 in 1940. According to Dublin, this will represent a decline of 
per cent in the last ten years, and a decline of 61 per cent in the last twenty 
In forty years the deatli rate has dropped 76 per cent. 

It is probable that tuberculosis has waxed and waned in different countries 
firing the world’s history. Historical studies suggest that an epidemiologic 
Period may run over two hiindred years. 

In London there was a high death rate in 1650 which then declined and 
I'ose again to a high peak in 1780. 

now approaching the lower level of a declining cycle and witli 
e enliglitenment which is ours today a new cycle should never begin. It is 
curious that in studying the present decline, which is common to most countries 
V ere statistics are available, that this decline has been almost continuous and 
the discovery of the bacillus in 1882, the increasing isolation of the tn- 
rculous in sanatorinms since 1900. and the increase in collapse therapy since 
12, have not definitely accelerated the decline. 

I*^ Ihis country the problem is still a serious one among the colored popu- 
lon and among the Mexican residents. In spite of the excellent work of 

ICS and agencies, many ^‘carriers” of the disease continue to be undis- 
covered. 
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Relapse is still too frequent and this is often the result of too short a sana- 
torium regime as well as lack of aftercare. The time will come when every 
open case of tuberculosis will be segregated. This will mean that many States 
must increase their sanatorium beds. Approximately 600,000 individuals in 
this country have active tuiierculosis. Only 90,000 sanatorium beds are avail- 
able when there should be 150,000. 

Thanks to the Department of Agriculture bovine tuberculosis is being rap- 
idly eliminated. The more general pasteurization of milk has greatly lessened 
human infection by the bovine bacillus. 

Teaching the detection, control, and eradication of tuberculosis should 
begin in the public schools. Children should be taken into the fields to study 
Nature and to be shown the parasitic diseases of the flora and fauna. Willi 
such beginnings the problem of human disease will be more easily imparted 
to them. 

The detection of childhood tuberculosis by the increasing application of 
the intradermal skin test with the purified protein derivative has been a great 
advance in preventive medicine. Reactors can be carefully watched and their 
young lives can be controlled. In many communities Nutrition Camps haw 
been established, and these are ideal for children who are below par or who 
react to tuberculin. 

More and more x-ray examinations of young adults and children are em- 
ployed ; these examinations should be repeated at intervals on any pemon sus- 
pected of having the disease. The use of miniature films in surveys of large 


groups is of increasing value. 

Since clinical and biographical studies show tuberculosis is frequenllj a 
family disease, physicians who attend such families have great responsibiht}-^ 
For many years the trend of treatment has been against climate and^aj 
against the long rest regime, although both factors have been of definite v< 
Since 1912 various forms of collapse therapy have been introduced, llanj 
physicians feel such therapy should be instituted as soon as the diagnosis 
adult pulmonary tuberculosis has been made. , 

Added to artificial pneumothorax we have thoracoplasty, phrenic n^^^ 
crushing, extrapleural pneumothorax, and other surgical 
now include the Monaldi procedure of suction aspiration of tuberculous ca 
It is possible the pendulum has already swung too far in the surgical 
Artificial pneumothorax is gradually giving ivay to more and more thoraco 
operations. In spite of the help from pneumonolysis too many re 
incomplete and too many complications still occur from pneumothoiax 
ment. The length of treatment is also a handicap. 


AVhile physical examination still plays an important part in 


(diagnosis 
guid- 


and study, the x-ray has largely supplanted this and is of great value 
ing pneumothorax treatment. Laminagraphy is noiv adding moie i 
information. jiag. 

The present sees an increase in the use of the bronchoscope o -gfui'cs 
nosis of bronchial lesions and their treatment, for the detection o 
when weighing thoracoplasty, and for final proof that sputum is RCoa 
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In researeli laboratories the chemistry of the tubercle bacillus is being care- 
fully studied, and what is of probably more importance the growth factors are 
being discovered. 

All efforts to discover a chemotherapy treatment have failed. Numerous 
laboratories have investigated the value of sulfanilamide, of sulfapyridine, 
and other derivatives of these drugs, but no success has been obtained. 

The increase of blood platelets in active and chronic tuberculosis has never 
been explained b.v laboratory workcis. 

Clinicians note “leads” which may be followed. Why, in patients with 
diabetes, who become infected, does the tubercle bacillus progress so rapidly? 
Why do certain families, who arc prone to high blood pressure and to nephritis, 
seem so immune to tubercle bacillus destruction? 

Clinicians have observed that in tuberculoas families the children who re- 
semble in constitution a parent who has belonged to the high blood pressure 
group have escaped serious infection when the children of the tuberculous 
parent’s type died. 

tWiy is there a lessened incidence of pulmonary tuberculosis in patients 
who develop hj-perthyroidism ? 

Vaccination by B.C.G. (Bacillus Calmette Guerin) has gained in usage in 
Europe, and laboratories in this eountiy have established some value in animals, 
especially with intravenous administration. 

With the continued decline in the death rate a form of vaccination may 
not be necessaiy. Shortage of food may again increase the number of tubercu- 
lous victims on the continent of Europe. The improved housing and living 
conditions in the United States, together with the activities of the National 
and State Tuberculosis Associations, should assui'cdly prevent another serious 
rise in the tuberculosis death rate in this country. 
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Case Report 

Abel Levitt, M.D., r.a c'p'n 
James R. l. Cole' 

Buffalo, N. Y. 
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fO) t), fodiates to other n '’'‘‘h hypertension. This pair 
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ria ion in the pulses between the oucoeytosis; (5) dj-spnea and cyanosis; 
There haye been many thl V''’'’" '“"'or extrcnilies. 

ld?r™” '“•odispolr,;;? f »o to the cause of the disease, and 

1 child ir “•'■o-totoliriivir 

• , r some of the eat!P« a+ ’ arteriosclerosis was 

^’^flammation a tenable explanation 

, ' ®°;?““y ‘0 predispose it to r ,m , '"'“hen the w-all of the aorlJ 

.11; “ *'«I hyaline dell S' * generation of the aorta, 

•eeently been recognized as strono- 7 ^^^"^^!^*^^^^^ resulting in eyst formation, has 

With the presence of a nr to the disease, 

the actual causative factor nreQo^°^^^^ factor, however, the problem of what is 
primary factors play a part- 

due to either emotion or exertion ^ trauma, and ( 2 ) internal trauma 

(Buffalo City 


Hospital) ani^he^ohool ot'uel! Edward J m 
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Pathologically^ the aorta usually shows an irregular tear which extends 
through the interior and partly through the media into which blood penetrates 
until it finds a plane o£ cleavage and begins .to dissect. The blood enclosed in 
this sheath composed only of adventitia and media most often perforates at 
some point. 

Clinically, as already indicated, eertain features suggest the diagnosis. 
The patients are acutely ill and fail progressively, and the ultimate prognosis 
is poor, with death occurring in from a few hours to several days. In the dif- 
ferential diagnosis (1) coronary thrombosis, (2) embolism, (3) abdominal 
catastrophe, and (4) pneumonia arc most frequently confused with the diagnosis. 



,*rhe large oval represents the hemorrhagic mass over the right auricle. It 
base of the heart and aorta with compression, B, the fibrous tag on the 
Where a similar large amount of clot w'as found partly organized ; C. the dissecting 
emorrnage above, in between the coats, and below outside of aorta continuous with hemorrhage 


CASK REPORT 

Case 379362. — The patient was a white male, aged 51 years, whose occupation was a firo- 
^ He was referred to the liospital on December 5, 1938, with a history of eight hours' 
ura ion. He complained of being aw'akened from his sleep by a sharp, excruciating pain, 
oca ed diffusely throughout the lower abdomen, but more pronounced about the umbilicus, 
tw^ through to the back, and at the onset was accompanied by emesis on 

occasions. No blood was present in the emesis, and the stools were normal in color and 
Mnsistcncy. His past history revealed that he first sought medical attention in January, 
) at which time he was admitted to the diagnostic clinic. His history at that time was 
three years' duration brought on by exercise. This pain occurred 
one to two times monthly; it lasted one to two minutes and was accompanied by 
ache and weakness. Ho also gave some history of occasional frontal head- 

P®®"^ ^sion, and nocturia two to five times. Ho denied past illness, except for urethritis 
posit’^ time (January, 3937) his physical findings revealed the following 


Eyes. Pupils equal, regular, and reacted to light and accommodation, 
"louth: Dental caries. 
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Post-Mortem Findings . — The left pleural cavity contained 1,400 c.c. of a rather thin, 
clear, yellou-ish-bronn exudate. Tin's contained numerous clots and fibrinous tags, composed 
of yellowish-green material. The lungs were dark slato gray in color, with a black over- 
mottling of anthraeotic pigment. There were patchy areas where the lung was collapsed; 
these nere firm on section and dark hemorrhagic in color. The parietal and visceral pleurae 
of the left side were fibrously thickened. Crepitation was present throughout both lungs. 
The cut surface was dark purplish rod color and on compression oozed a large amount of sero- 
sanguineous frothy fluid. The IjTiipIi nodes at the hilus of the lung were enlarged and on 
seetioa were black in color. The trachea-bronchial free shoned the mucous membrane covered 
nith a marked amount of mucus. 

Heart: Tlie heart una markedly enlarged. The pericardium uas adherent. On section 
through into the heart, a large, currant jellylike clot about the size of an 
orange, was found anterior to and somewhat to the right of the right ventricle 
in the pericardial space. This bulged considerable, making the heart appear 
large laterally. The aorta uas split into two layers, this split o.xtending to 
the base of the heart where the pericardium was attached around the aorta. 
There was a large amount of dark clotted blood between these layers. This 
space communicated with the large pericardial space filled irith blood. The 
myocardium was of fair tone. Tlie \'alvcs and valvo orifices were clear. The 
septum left ventricle beneath the cusps revealed subendocardial hemorrhage. 
The aorta showed numerous thickened areas of raised yellowish plaques. One 
of the.se communicated with the split space. The pulmonary arteries and 
veins were clear. 

Abdomen: Abdominal viscera were essentially normal, 

Jnatomic Diagnosts . — Aortal arteriosclerosis with dissection between the coats and rup- 
turing into a pericardial pocket, a space otherwise obliterated by fibrous adhesion, was found. 

CONCLUSION 

1. A dissecting aneurysm of the aorta, proved anatomically, has been, pre- 
sented. 

2. The difficult}' of clinical diagnosis is emphasized. 
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A NOTE ON SACCHAEOMYCES PEAGILIS JOEGENSEN ASSOCIATED 
WITH PATHOLOGIC CONDITIONS IN HUMAN BEINGS* 


Norman Callender LAFii'ER, Ph.D., Tucson, Ariz. 


5 ACCHAB07ilYCES FEAGILIS was first isolated by Jorgensen from Mr, 
and has repeatedly been found in dairy produets. Within the last fifteen 
years, there have been two reports of the isolation of yeastlike fungi from patho- 
logic conditions in human beings in which the organisms proved to be Sac- 
cliaromyces fragilis Jorgensen. In both eases, the organisms were first classified 
as some other species, but upon detailed study at the Centraalbureau voor Sehim- 
melcultures at Baarn, Holland, they proved to be strains of SaccMronvjccs 
fragilis. In the first case, Eedaelli in 1925 ( Stelling-Dekker, 1931) reporte 
the isolation of Saccharomyccs cavcrnicuia n. sp. from the lung of a tuberculous 
patient. Of this culture, Stelling-Dekker (1931) writes as follows: “A care u 
consideration of this species allows one to conclude that all major charaeteristica 
agree with those of Saccharomyccs fragilis Jorgensen. The agreement is so 
definite that a separation of Saccharoinyccs cauernicula as a variety , 
charomyccs fragilis is not warranted. ...” Another place she writes; 
cliaromyces cavernicula Eedaelli is identical with Saccharomyccs fragilis Jorgen 
sen.” 

In 1935 Ciferri and Eedaelli (Diddens and Lodder, 1939) described a specks 
that had been isolated by Careo at Catania from a lesion of the 
and pharynx. It was classified as Monilia pinoyisimilis (A. Castellani) e ^ 
and Ciferri variety Citelliana Eedaelli and Ciferri. Of this organism i ^ 
and Lodder (1939) Avrite: ‘‘It evidently belongs to the genus Sacchaiomg 
and it is completely identical Avith Sacch. fragilis Jorgensen.” 

The purpose of this article is to report an organism isolated bi 
(1935) -and classified by him as Monilia pscndotropicalis Castellani. 
a transfer of this strain and continued its study and found it to be j.j3. 

Saccharomyccs fragilis Jorgensen (Laffer, 1936). Such results are 
ing for tAvo reasons; first, the difficulty AAuth Avhich some strains aie stimu 
to produce ascospores; and second, the folloAving statement by 
Lodder (1939) : “Monilia pscndotropicalis Castellani — Candida pscu o j 
(Castellani) Basgal has to be considered as the imperfect stage of Sacc 
fragilis Jorgenson.” The material contained in the folloAving paia^’’''’ 
taken from the unpublished thesis of Aliller (1935). t 

Case Hstory. The patient, a male, came to the physician vith an acute jjjted 

tonsils, characterized by a sore throat, fever, malaise, anorexia, fetid breath, ^ere 

tongue, headache, backache, and pains in the limbs. AVhite or yellow patches o 
present in follicular form. Intensive treatment for follicular tonsillitis m > 

♦From tlie Department of Bacteriolog:j', University of Arizona, Tucson. 

Received for publication. October 23. 1939. 
tPublished with the permission of Dr. Miller. 


294 


LAFFER: SACCHAROXIYCES FRAGILIS JORGENSEN 


295 


days did not show the slightest improvement. On tlie eighth day he was given 10,000 units 
of diphtheria antitoxin, and the dose was repeated on the ninth day; he recovered rapidly 
irithout further treatment. At no time were there objective signs of diphtheria. 


According to Jliller, Ins cultnre isolated from tliis ease had the characteristic 
ferraentatiYC reactions of Monilia pseudotropicalis Castellani and serologic 
studies confirmed this relationship. When the unlaiovm strain was used to pro- 
duce an antiserum, the antiserum reacted with its specific antigen 1 :6‘10 ; with 
one type culture of Monilia pseudotropicalis 1:640; and with a second type 
culture of Monilia pseudotropicalis 1 :320. Agglutinin absorption tests sub- 
stantiated these serologic findings. The usual morphologic studies were not 
reported in the thesis. In his conclusions Miller stated ; ‘ ‘ Culture lOY which 
produced acid and gas in de.xtrosc, levulose, galactose, sucrose, raffinose lactose, 
and inulin, corresponds almost exactly to two cultures of Monilia pseudo- 
tropicalis Castellani (one from New Orleans, Louisiana, and the other from 
London, England) which fermented the same carbohydrates with acid and gas. 
These three cultures formed a distinct group by agglutinin absorption.” 

In my study (Laffer, 1936) of this culture (Miller’s lOY) the cells were 
characterized as “cells oval and rod shaped, but becoming filamentous in older 
broth cultures and potato broth, and producing rod shaped to filamentous asci 
and ovoid to kidney shaped aseospores.” The culture produces one to four 
ascospores per ascus when grown on carrot blocks or on carrot infusion agar 
for throe days or more at room temperature. Careful examination of colonies 
on malt extract agar (Difeo) streak plates showed pseudomycelia penetrating 
the substrate, -with the groupings of the hlastosporcs at the junction of the ad- 
joining elements similar to those produced by the control culture of Sac- 
charomyces fragilis Jorgenson, obtained from the Lister Institute (their No. 
2303). Cells gi’own in malt extract broth (Difeo) for twenty-four hoirrs were 
moi'e or less rod-shaped and measured 3.0 to 5.0 microns by 6.0 to 10.0 microns, 
with a few filamentous cells as long as 12.0 to 21.0 microns. In older cultures 
the length and number of the filamentous cells increased. 


The biochemical changes produced by the unimown and the control culture 
were the same, namely : acid and gas in glucose, fructose, galactose, mannose, 
lactose, and inulin; acid and no gas in raffinose, and neither acid nor gas in 
arabinose, xylose, rhamnose, maltose, salicin, glycerol, mannitol, dextrin, and 
starch. For these determinations, nutrient broth base (Difeo) plus 1 per cent 
carbohydrate and bromcresol purple was used. Litmus milk, if incubated at 
room temperature, became acid with evidence of gas production after a few days, 
ait if incubated at 37° C., the milk was curdled with a renninlike curd. There 
''as no evidence of proteolysis at the end of forty-five days of incubation. When 
1 Hammer and Collins (1935) method, the organism did not 

No true liquefaction of gelatin was observed at 37° C. after 
cihV i''^ incubation, while “softening” occurred in those cultures in- 

II ^ 11°^’ forty-two days. An uninoeulated control showed 

the ’’ I'l'® t'U’m “softening” is used to indicate a stage in which 

cool temperature but the gelatin becomes solid upon 

mg to 5° C. to 8° C. This tei’m is used in contrast to true liquefaction in 
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which the medram fails to solidify upon cooling to the above temperatures. 
While Stelling-Dekker reports that Saccliaromyces fragilis liquefies gelatin, a 
difference in the composition of the medium may account for the variation in the 
degree of utilization of the substrate. 

SUMMARY 

1. A third case in which Saccliaromyces fragilis Jorgensen has been isolated 
from a pathologic condition in human beings is reported. 

2. Confirmation of the relationship of Saccliaromyces fragilis Jorgensen and 
Candida (Monilia) pscudotropicalis (Castellani) Basgal, as indicated by Did- 
dens and Lodder (1939), is implied. 

3. The desirability of an attempt to further confirm this relationship by 
serologic studies is suggested. 

4. While nothing is contained to indicate that Saccliaromyces fragilis is the 
causal agent in the infections of the throat, the finding of this species in throat 
cultures might iirove wort hy of a more detailed investigation or might prove 
to be a lead worthy of following. Careful morphologic studies of yeasts found, 
including repeated attempts at ascospore determination, and the inoculation of 
lactose, sucrose, inulin, maltose, litmus milk, and gelatin, would probably suffice 
for preliminary study and tentative identification. 

The wide distribution of this organism is clearly shown. I have found tlus 
species in cream obtained in Illinois, and have identified as Sacclmroinijccs 
fragilis cultures received fi'om S. Orla-Jensen, Copenhagen, Denmark (ho’"' 
milk); from the late Dr. Hennebcrg, Kiel, Germany (from yoghurt); how 
W. Dorner, Liebefeld-Berne, Switzerland (from sour milk and whey); andfiow 
Erivan, Armenia, U. S. S. R. (from matzoon). It is easy to see how suci 
organisms could get into the throat and thus he found in examination of throa 
cultures. 
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THE ACTION OP EPINEPHRINE INJECTED INTO THE 
PERICARDI/VIi SAC‘ 


Philip Dlickensdoiifer, Ph.D., .1. A. Bone, JI.S., JI.l). 
Chicago, III. 


WnilLE the effect of epinephrine on blood pro.ssiire wlien given intravenously 
''' has been widely studied, the effect when given by other routes has not re- 
ceived adequate attention. 'When given by oral administration, it is usually inac- 
tive in normal people. Jleiiiiinger' studied the effect of oral administration in 
various types of hyperthyroid eases. He gave the patients from 2 to 5 mg. of 
epinephrine in gelatin capsules and concluded that in some eases epinephrine 
may produce a marked effect on the circulation with rise of pressure. The effect 
results from absorption through the gastrointestinal tract and not from the 
mouth or throat. 

lleltzer and Auer- found that the subcutaneous injection of 0.4 to 0.5 c.e. 
per kilogram of epineplirinc has no influence on the blood pressure of a rabbit. 
Intraperitoiieal injection also has no effect on the blood pressure, while 0.3 to 
0.4 e.e. given iutraiiuisciilarly may produce a rise of 40 to 50 mm. The rise is not 
so sudden as it is after intravenous injection. 

Amberg^ previously reported that doses of epinephrine that are fatal when 
given iutraveiiousl}’ do not exert pressor effects in cats, dogs, or rabbits when 
given subcutaneously, altbough a very large dose (37 mg. per kilogram) raises 
the blood pressure in the dog. 

Halsey' found that ^7 ing, of epinephrine given intramuscularly to a 14 kg. 
tlog raised the pressure 30 mm, (from 140 to 170). In man he found that the 
oral administration of epinephrine does not change the Iieart action or blood 
pressure; when subcutaneously administered, a dose of 0.5 to 1.5 mg., or about 
0-5 to 1.5 c.c. of 1 :1,000 solution, is uncertain in its effects on the blood pressure 
but Usually causes a slight rise. This same dose, ho^Yevel^ given intramuscidarly 
^aj cause alarming symptoms and a rise of pressure of 90 mm. (110 to over 
200). Since some people are sensitive to epineplirine, Ilalsey recommends that 
smaller doses he given iintil the reaction is known. 

GroUman'^ quotes Euler and Liljestrand as having found that the subcu- 
fuueous injection of 0.7 mg. of epinephrine in man raised the blood pressure 17 
rtm. and increased the cardiac output from 4.3 liters to 7.5 liters per minute ; 

Js indicated both stimulation of cardiac activity and diminished peripheral 
Resistance. 

of Pharniacolosj' and Therapeutics. University of Illinois Colle£;e of 
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Auer and Gates® found that when 0.25 c.c. of epinepJu’ine .solution (1;1,000) 
per kilogram is given intratracheally in i-abbits, a rise of pressure oeeiu’s after a 
few seconds and lasts for about five niinute.s. Jackson" records similar findings. 
We have found similar results to follow injection into the pericardial sac of dogs 
(see Figs. 1 and 2). 
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Pig-. 2. — The comparative effect on blood pressure of 1 c.c. 
venously and intrapericardially. The rapid rise in this case after mirape* 
iiniisnal. 


METHOD 


Dogs were anesthetized with 35 mg. per kilogram of pentobar 
tion, given intraperitoneaJJy. Blood pressure ivas recorded from ^ 

artery. Ai’tifleial respiration was used throughout. The chest Ii 

the solution of epinephrine placed in the pericardial sae so that no 


GOLDBERG: TORULA INFECTION OF THE CENTRAL NERVOUS SYSTEJI 299 


by leakage. Duodenal activity was recorded by the balloon method. The trac- 
ings show the effect. After and before injection into the pericardial sac, an 
injection was made into the saphenous vein in order to compare the relative 
effects of adrenalin when given intraperieardially and intravenously. 

CONCLUSIONS 

1. The effect of epinephrine injected into the pericardial sac is less abrupt 
but prolonged about five times as eompai*ed to the intravenous injection. About 
five to ten times the intravenous dose is necessary to produce identical rise in 
blood pressure. 

2. The intrapericardial action of epinephrine in smaller doses is somewhat 
irregular on the blood pressure but is verj’ constant on the intestines. 
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TORULA INFECTION OF THE CENTRAL NERVOUS SYSTEJI*' 


A Report of a Case With Necropsy Findings 


Leon H. Goldberg, JI.D., Nyack, N. Y. 


^INCE 1907 sporadic reports of torula infection have appeared in the litera- 
ture. By far the most comprehensive monograph on the subject was pre- 
.seiited by Stoddard and Cutler in 1916. In view of the frequency with which 
this infection is lieing reported, it is noteworthy to quote verbatim Stoddard’s 
memorandum in 1916: “It would not have been too venturesome to have 
prophesied that the organism w'ould be found at some future date producing 
ner\oiis diseases in man. It will take time to determine how common this type 
of infection is, but many facts indicate the ijossibility of it being frequently 
present without recognition,” 

In 1939 jMcGrauder published protocols of 3 cases observed at the Uni- 
versity of Virginia Hospital since October, 1935, in which he succeeded in 
ISO ating the organism. In a personal communication he submitted the fol- 
io-wing outline : 

!• The technician who examines the spinal fluid must be torula conscious. 
The ^ yeast (as contrasted with cells) in the counting chamber. 

^ cou nt is made as usual with acetic acid to lake any red blood cells present. 

From the MedJeal Service. Nyack Hospital, 
ceived for publication. October 28, 1939. 
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Torulae might be mistaken for lymijhoc 3 "tes (and usually are) unless one has 
the probabilitj^ of torula in mind. The tornla organism will show some budding 
forms, and a thick wall, often surrounded by a definite capsule. No cytoplasm 
is seen. 

3. If torula is suspected, mix a drop of sediment (from centrifuged spinal 
fluid) with a drop of Greenthal’s stain on a slide, cover with a cover glass and 
examine. The stain will show definitely the nuclei and cytoplasm of the usual 
cells, distinguishing them clearly from the torulae, which show a definite 
“cellulose-like” wall, surrounded by a wide purplish or bluish capsule. 

4. Confirm by culture. Torula usually reproduces by budding only, never 
forming mycelium, and does not ferment sugar. 

It becomes evident that the apparent increase in reported cases is not 
necessarily an indication of an increased frequency of the infection in man, but 
rather an indication of an increased interest in the problem with a concurrent 
improvement in laboratory diagnosis. 

The following case report, with its autopsy^ findings, is as typical of the 
vagai’ies of this infection as other cases reported to date. 


CASE REPORT 

A colored girl, aged 19 years, was first seen on March 3, 1938. She vas 
prostrated, compilained of an intractable headache of several weeks’ dura^i 
and had photophobia. The examination revealed a marked nuchal 
as the only positive sign of any cranial involvement. Ordinary pn ^ 
measures were of no avail. After three days, a spinal tap "was done for 
nostic purposes as the picture suggested tuberculous meningitis. For le - 
three days there u'as no relief. On the assumption that it might be 
meningitis, notwithstanding the negative findings in the spinal fluid, s le 
placed on a high vitamin D intake, and to my amazement she began to im 
almost immediately. She returned to normal activity^ in two weeks. 

Five months later the girl again became ill. In the earlj'^ dajs o 
recurrence, the picture was identical with that originally presented, 
however, a series of neurologic signs appeared, following one anothei 
succession. On August 11 she lay in bed in a stupor, with her hea an 
sharply deviated to the right, while the right arm and leg were flacci • 
left hand constantly^ clutched at the bedclothes. The abdominal re 
absent. Both pupils reacted very sluggishly, and the right one was 
than the left. There were reddening of the fundi, with anci 

veins. The jaw was tonically^ closed. There wmre positive gonia. 

bilateral Hoffman signs. The following morning the patient 
The riglit limbs remained flaccid and both ankles showed clonus. rate 

ture rose to 106° P. ; her pulse rate increased to 140 and her respna 
remained between 20 and 30. On August 13 she died. 

Her skin was dry and cool. Her heart, lungs, and abdomen "uer 
tially' negative. Neurologically, she continued to present a negal''*' 

ing picture with such signs as positive Babinski on the right sic e a 
Babinski on the left. All four extremities were stiff and spastic. 
the left side involuntarily but not the right side. The pupils lea 
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gishly; the veins dilated to twice the normal caliber. No diagnosis was made, 
although the usual series of differential diagnoses presented themselves with 
cerebral abscess as tbe most likely process. 

Spinal Fluid Finding.i.- — Augu,st 11, clear, under moderate pressure ; cell 
count, zero; chlorides, 330 mg. per 100 e.e.; glucose, 10 mg. per 100 c.c.; smear 
lymphoc.vtes, 2; tubercle bacilli, negative; 'Wasscrm.nnn, negative; culture, nega- 
tive. August 13, cell count, polyiuorphonuelcars, 11, Ij-mphocytcs, S9; protein, 96; 
globulin, 2 plus; sugar, 31 nig. per 100 e.c. ; chlorides, 71.5 mg. per 100 c.c.; 
colloidal gold sol, 1111233100; 'Wassermanu, negative. 

Necropsy Findings. — An autopsy was performed soon after death. The 
brain was examined by the Department of Pathology of the Neurological 
Institute. The skull was of normal thickness. The dura was moderately ad- 
herent to the inner surface of the .skull. The brain weighed 1,300 Gm At the 
base of the brain, in the interpeduncular fossa, on the inferior surface of the 
hypothalamus and about the optic chiasm and nerves, the Icptomeninges were 
thickened and graj’ish with an accumulation of yellowish-giay e.vudate. On 
section of the cerebrum, no gross lesions of the parenchyma were noted. The 
spinal coi-d leptomoningoal blood ve.s.sel.s were congested, but otherwi.se the 
cord appeared normal. 

Jlicroscopio c.vamination of the area revealed a preliferation of leptomenin- 
geal cells in the form of fibroblasts. There was a heavy infiltration of the 
membrane by lymphocytes, monocytes, and plasma cells. There were numerous 
multinueleatcd giant cells about focal areas of necrosis. 

In places in the necrotic arca.s, there were pale, translucent, round bodies, 
with double refractive margins. No structural details could be made out 
within them; they varied in size from that of lymphocytes to that of mono- 
cytes. Some of these bodies were also found within the giant cells. These 
proved to be Tonda histolytica. There were al.so a terminal lobular pneumonia 
and acute ulceration of the duodenum, 

COXCLUSIOX 

A case with necropsy findings of Tonda histolytica infection of the central 
nervous system is presented. 
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CUTANEOUS HYPEESENSITIVITY TO IODINE* 


John L. Jacobs, M.D., and Abkaham Colsies, M.D. 
Boston, SIass. 


T he occurrence in certain individuals of a local or contact dermatitis follow- 
ing the application of iodine has been described by many authors. Some'* 
speak of the sj'^mptoms as toxic in origin ; others"''" consider them as manifesta- 
tions of hypersensitiveness ; and two authors'" do not indicate their opinion. Ex- 
cept for one instance' of a patient giving a delayed . reaction by scratch test to 
Lugol’s solution diluted 1 :16 (and not to 10 per cent potassium iodide), con- 
firmatory skin tests have not come to our attention. 

Most of the reports on iodine dermatitis are based upon single observations, 
this indicates the infrequent occurrence of this condition. 

Recently a medical student, hypersensitive to iodine, became available for 
study. It seemed desirable, therefore, to investigate his abnormal reactivit) m 
some detail. 

CASE HISTORY 

The subject for study, to be referred to hereafter as J. A.B., had no past histo^J^ 
allergy. Family history included a maternal aunt -n-ith asthma and a father sufEenng 
migraine. Five years previous (at the age of 18 ) the patient first noticed derma i 
lowing application of tincture of iodine. Not long before that he had fallen on a ^ 
track, and his injurj- had been treated by a local application of tincture of j 

large area on his leg. Since then the application of iodine tincture has regular y ca® 
local dermatitis confined to the area exposed. 


EXPERIMENTAL 


A preliminai-y test confirmed the fact that tincture of iodine (< 
iodine, 5 per cent potassium iodide), which gives no reaction on norma coa 
produced reddening in our patient within seven hours after the app 
one drop to the skin. By the second day blisters had developed, with thic 
of the epidermis. These blisters exudated serum for approximately two 
then began to dry up. The site of application could be detected for ^ 

after a month it was still slightly reddened and covered wdth scabby 
1 :10 dilution of the above tincture in alcohol also produced a similar r 
though of lesser intensity'. 

Another series of tests was performed on this patient with a tenth 
iodine solution ,(1.3 Gm. iodine and 3.0 Gm. potassium iodide in 100 c.c.). 
normal iodine solution does not irritate the skin of normal indivi ua , 

. rr.iftS College 

•From the Departments of Pathologj- and Bacteriology, and Medicine, i 
cal School. Boston. 




Received for publication. November 1, 1939. 

This investigation was aided by a grant from the Charlton 
College Jledical School. 


Research Fund of 


TiiIU 


302 



JACOBS-COLMES : CUTANEOUS HYPERSENSITIVITY TO IODINE 


303 


this patient it caused a reaction which was, however, less marked than that 
elicited by the iodine tincture, A fcAv slightlj' raised, pale pink papules were 
present at twenty-four liours; they continued to increase in number and intensity 
of coloring so that after forty-eight hours the whole area affected was covered 
with pinkish elevations. A 1 :10 dilution of tenth normal iodine solution failed 
to produce a reaction. 

Powdered potassium iodide and a 1:1 solution of potassium iodide in dis- 
tilled water failed to give a positive patch test. On the other hand, 0.5 per cent 
iodine salve in vaseline (crystals finely ground and mixed with vaseline in a 
mortar) which contained no potassium iodide, produced a marked delayed reac- 
tion. These results are tabulated in Table I. 

Table I 

SEKSITIZ.VTION* TO lODlKE 


All recorded readings were made on the day following the test. In the patch tests an 
amount was used equivalent to the bulk of a pea; in the intracutaneous tests 0.02 c.c. was 
injected. Figures refer to millimeters. 


TTPE 

OF 

TEST 

SUBJECT 

TE.ST PERFORMED WITH: 

0.57o lODIXE IN 

VASELINE 

tincture: 7% 
lODINE with 5 % 
POTASSIUM IODIDE 

5 % IODINE IN 
ALCOHOL 

SATUPjVTED 
POTASSIUM IODIDE 
SOLUTION 

Patch 

J.A.B. 

Control 1 
Control 2 

Pink, elevated 

Kegative 

Negative 

Pale pink, slightly 
elevated, spotty’; 
2 small vesicles 
Negative 
Negative 

Negative 

j Negative 

i Negative 

Negative 

Negative 

Negative 

TYPE 

OF 

TEST 

'intra- 

cuta- 

neous 

1 

SUBJECT 

1 TESTED •WITH : 

IODINE, 1:1,000, ; 
IN SALINE 


POTASSIUM IODIDE, 
1:100 

DIIODOTYROSINE 

1:200 

J.A. B. 

Control 1 

Control 2 

4, pale pink 
slightly elevated 
3, pale pink 
spot 

3, faintly pink 
faintly elevated 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 


^Vhen a vaseline salve containing only 0.25 per cent iodine was applied, no 
reaction occurred, whereas a 1.0 per cent salve, similarly prepared, caused irrita- 
tion to normal skin. An attempt was made to increase this limited range of prac- 
ticable ointment concentrations by the use of a method previously described for 
poison ivy hypersensitiveuess in guinea pigs.*^ In this technique a high concen- 
tration of the test substance is applied, being removed after a short time by a 
suitable agent. To this end a 5.0 per cent ointment of iodine in vaseline, care- 
fullj ground and otherwise prepared as above, was applied to the forearm of our 
patient and washed off after twentj’ to thirty* minutes ■with soap and water, fol- 
owed by tenth normal sodium thiosulfate solution. The test was read the next 
Controls were uniformly negative, whereas J. A. B. showed a marked reac- 
fion of the type described above (Table III). With the above technique, oint- 
^ent concentrations up to 10.0 per cent iodine may be used. In this way dif- 
ences between the sensitized individual and normal controls were made more 
striking. 
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In contrast to the markedly positive patch tests to iodme salve, iutracutane- 
ous tests on J.A.B (0.02 c.c.) vith a 1:1,000 solution of iodine were essentially 
negative. It .should be pointed ont, hoAvever, that this concentration of iodine is 
slightly less than the weakest solutions capable of giving a patch test in this in- 
dividual. An iutracutaneous test with 1.0 per cent potassium iodide was likewise 
negative. 

In order to gain further information concerning the mechanism of these re- 
actions, it seemed imiiortaiit to study' the response of J. A. B. to iodinated pro- 
tein, since a positive reaction would indicate that the iodine had combined with 
protein in the body to form an antigen containing the specific group of iodopro- 
teius, diiodotyrosine. It is known that this reaction can easily take place under 
these conditions, and reactions to formolized proteins in an individual hyper- 
sensitive to formaldehyde have been reported by Horsfall.^® Accordingly, several 
preparations of iodinated human serum were made by WormaU’s method,'' and 
various tests were carried out on this patient and on suitable controls. A typical 
protocol is givmn in Table II. 


Table II 

Tests With Iodinated Protein 

The readings are after fifteen minutes for the immediate reactions and 
four hours for all others. Dilutions were made in saline and are expressed in t 
solids. Human serum was used in all the serum preparations. Measurements i 
of millimeters. 


subject 

INTR.VCUTANEOUS TESTS WITH IODINATED SERUM j 

1 patch TESTS wnnj 

precipitated 1 

IODINATED 

SERUM 

fWET solid) 1 

DUODOTTKO- 
SINE POWDIT. 

Negative 

Negative 

0.05% 1 

i 1.0% 

IMMEDIATE 

DELAYED 

IMMEDIATE 

DELi\.YED 

J. A. B. 

Control 1 

Control 2 

yyiieai s 
Flare 19 

Mlieal 9 
Flare 20 

IVheal S 
Flare 20 

8, pale pink, 
slightly 
elevated 

3, pale pink 
spot 

■I, faintly 
pink 

Wheal 12 
Flare 50 

Wheal 11 
Flare 50 

Wheal 7 
Flare 40 

45, faintly 
pink, slightly 
thickened 

30, faintly 
pink, faintly 
thickened 

35, very faint- 
ly pink, no 
thickening 

Negative 

Negative 

Negative 


It will be noted that, as far as immediate reactions are concerned, 
differences were noted between J. A. B. and the controls. This is 
cause strongly positive reactions would be expected in human not 

iodinated protein. Such diffei’ences in delayed reactions as occiuic 
have been enough to be significant. While these tests were being 
it happened that another individual, J. B. H., hypersensitive to forma 
was available. J. B. H. was tested for hypersensitivity to formo 
serum, but, as in the above instance with iodinated piroteins, the on 
essentially' negative. i t-ro- 

Failure of patch tests with precipitated iodinated protein, and 
sine, the specific grouping in iodinated piroteins, was quite definite.^ ^enerd'^*^^ 
ous tests with diiodotyrosine were likewise negative (Table I)- " us fm® 

reaction was observed following any- of the tests, although local reac 
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the patch tests at times were exceedingly severe. The responses observed were 
exclusivelj' of the delayed type. 

Since hypersensitiveiiess is a highly selective plieiioinenoii, it was of interest 
to learn whether idiosyncrasy to iodine is subject to the same law of specificitj’. 
To obtain this information cross tests were performed with iodine and formalde- 
hyde on J. A. B. and J. B. II. The method of testing and results noted are given 
in Table III. 


Table III 

Specificity of Ipiosynckasv to Iodine 
Readings made on the day following the test 




TESTED WITH: 




LANOLIN SALVE CONTAIN- 
INO 10% FORMALDEHYDE 
— NOT WASHED OFF 


SUBJECT 

"WASHED OFF AFTER 15 
MINUTES WITH .SODIUM 
THIOSUI.FATF. 

LANOLIN — NOT WASHED 

OFF 

J.A.B. 

Palo pink, slight 
vcsiculation 

Negative 

Negative 

j.B. ir. 

Negative 

Pink, thickened, and rough 

Negative 

Control 1 

Negative 

Ncgatnc 

Negative 

Control 2 

Negative 

Negative 

' Negative 


It will be observed that with these two substances, iodine and formaldehyde, 
the specificity was definite. J. A, B., hypersensitive to iodine, liad a pink, sliglitly 
vesieulated lesion twenty-four hours after ti*eatment with iodine salve, but gave 
no trace of reaction with formaldoliydc salve. In J. B. II. the opposite reactions 
were observed. Thus these idiosjuicrasics appear to be as specific as otlier im- 
munologic phenomena. Since liypersensitivity to lanolin has been reported, a 
control test of this substance was included. 

DISCUSSION 

Interpretation of these studies is necessarily limited by the fact that they 
were obtained from a single experimental subject. However, certain points seem 
to be clear. Tlie condition known as contact sen.sitivity to iodine is a manifesta- 
tion of hypersensitiveness and is characterized by strict specificity. All intra- 
cutaneous tests M’ith iodine solutions or iodinated protein were negative or 
equivocal. 

In regard to the failure to obtain immediate reactions to intracutaneous 
injections of iodinated protein, it should be considered that a single negative 
result of this sort does not carry much -weight. However, the tests were repeated 
a number of times with different preparations and concentrations, and the op- 
portunity for technical errors would not seem to be gi’eat. It would seem that 
oIlr-Eisner’s hypothesis^® that these idiosyncrasies are due to the formation of 
an antigen by the combination of iodine with bodj’ constituents has not yet been 
Pi‘o\ed. It may be recalled, however, that reactions -with protein combinations 
*a\e been obtained in guinea pigs’® sensitized to simple chemical substances. 

The absence, noted in Table I, of a dermal reaction to a simple alcoholic 
iodine .(no potassium iodide) was obseiwed twice but needs further 

rmation since tests were performed with a minimal quantity of material in 
**■1 attempt to avoid unnecessary reactions in this very hypersensitive patient. 
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STOISIARY 

An individual giving marked contact reactions with iodine was examiHed. 
Tlie specificity of the reaction and methods of testing were studied. Intradema! 
tests were essentially negative. No conclusive evidence of sensitivity to potassram 
iodide, diiodotyrosine, or iodinated protein was observed. 
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ACUTE ENDOCARDITIS DUE TO AN ANAEROBIC 
PNEUMOCOCCUS* 


Almn Hollander, JI.S., and Eva Landsberg, M.D. 
Brooklyn, N. Y. 


TN 1936 three strains of anaerobic pneiimococei were described by Smith.^ Of 
A these, two different strains were isolated from tlie throat of a patient with 
chronic bronchitis and one was obtained by post-mortem culture from the lung 
in a patient with pneumonia. White- cites a personal communication from Avery 
regarding the occurrence of anaerobic pneumococci. We have not been able to 
find any other descriptions of anaerobic pneumococci. Tlie following case is the 
first instance in whicli such organisms have been isolated from the blood stream 
during life and also the first case of acute endocarditis caused by an anaerobic 
pneumococcus. 

REPORT OF CASE 


D. L. (HospitJil No. 223450), a 9-year*old boy, was admitted to the Pediatric Service on 
April 22, 1939, with the following liistory: Thirteen days prior to admission, he complained 
of a headache on the left side of his head. Daily fluctuations in temperature from 98.0® to 
104® F. were observed. On the third day of his illnc.«s, there developed swelling and redness 
of the left eye, and pain in the neck witliout rigidity. Eight day.** before admission, a cardiac 
murmur was heard for the first time by the family physician. During the three days before 
admission four chills occurred, with temperature elevations reaching 105.2* F. 

Physical Examination: The patient was well nourished, well developed, and acutely ill. 
There was injection of the nose and pharjmx and slight enlargement of the cervical lymph 
nodes. The heart was not enlarged but there was present a high-pitched musical systolic mur- 
mur at the apex, transmitted to the axilla. The spleen was palpable 0.5 cm. below the costal 
margin, and was firm but not tender. The liver was palpable 1.5 cm. below the costal margin. 
The swelling of the eye was no longer evident and the pains in the neck had disappeared. 
The laboratory data were as follows: hemoglobin 70 per cent, erythrocytes 3,570,000 per 
cnim., leucocytes 12,500 per cram., with 82 per cent polymorphonuclear cells, of which 23 per 
cent were band forms, 34 per cent Ijuxiphoeytes, and 4 per cent monocytes. The urine was 
negative. 


Course: At 10:00 P.Jt. on the day of admission the patient had a chill with a rise of 
temperature to 105® F. A blood culture taken at this time showed a growth of anaerobic 
pneumococci after three days (the organisms will be described later). On the following day 
there developed a slight swelling and tenderness of the left knee and left shoulder and hip. 

On April 24, two days after admission, the patient showed signs of meningitis with 
rigidity of the entire spine and neck. The Kernig sign could not be evaluated because of the 
pain m the left limb. Lumbar puncture revealed a turbid spinal fluid under slightly increased 
pressure. A cell count of 1020 per c.ram., with 93 per cent polymorphonuclear cells and 7 per 
cent lymphocytes was obtained. The sugar content was normal. A Gram stain of the fluid 
oued very rare gram-positive diplococci which failed to grow on culture. Blood culture re- 
'caled the same organism previously isolated. 

. because of the presence of gram-positive cocci in the spinal fluid, intrathecal sulfanila- 
°Jide and oral sulfapyridine therapy were instituted. Spinal fluid withdrawn immediately 
c ore the first intrathecal injection of sulfanilamide contained 760 cells per c.mm., 75 per 
<^cnt being polymorphonuclear cells and 25 per cent lymphocytes. This specimen showed no 
organism s in the direct smear and no growth on culture. 


Jewish division of Bacteriology, Departments of Laboratories and Pediatrics, the 

' nospttal of Brooklyn. 
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By the next morning the temperature had dropped to boloiv 100° F. The fendeniess is 
t)ie lumbosacral region and left leg and the nuchal rigidity had almost completely disappestsJ. 
Boentgenograpliic examination of the hip and pelvis was negative. There was preseat defnib 
haziness in the left frontal, etiimoidal, and maxillary sinu.ses. (Cultures wore not obfaisrf 
directly from the sinuses, but nose and throat cultures showed no anaerohic pneumococci.) 
During the next week the temperature remained helow 100° F. and the child’s coadition ap- 
peared to improve. 

On May 2 a tender erythematous area, 3 cm. in diameter, was seen on the dorsum of ftf 
right foot. On May 4 and May fi the patient had chills with a positive and negative Hood 
culture, respectively. On the latter date he complained of severe pain in the left haul 
which showed tenderness and swelling of the metacarpal region and redness and swflling 
of its volar surface. In the evening of the same day a purpuric rash appeared on the volar 
surfaces of both liand.s and the plantar surface of the right foot. The rash consisted tf 
reddish-violet spots, about 0.5 cm. in diameter, wdtich were not elevated and which faded oa 
pressure. Cultures of these areas were negative. The .spleen W'as palpable 3 cm. below lie 
costal margin and was hard, firm, and not tender. The fundi were normal. By May 14 fte 
rash was almost gone. The patient had a yellowish pallor but no jaundice. There was pain 
in the right elbow which, Ijowever, was not red or swollen. The murmur was much londtr 
and scattered sibilant rhles wore heard over both lung fields. The liver could now he fch 
4 cm. below the costal margin. 

On May l(i the face was flushed and had a cyanotic tinge- There was present in each 
eye a hemorrhage at the margin between the inferior bulbar and palpebral conjunctivae. a 
May 20 the patient became irrational and delirious. Convulsive seizures occurred, stating oa 
the left side and becoming generalized in a few seconds. During these seizures the right nnn 
and leg were spastic. The course continued steadily downhill and the patient died on - nj 
22. A lumbar puncture shortly before death showed a turbid fluid with innumerahle 
positive diplocooci. On culture these organisms proved to he identical with those isobte ro 
the blood. Consent for autopsy was not given. 


bacteriologic studies 


which 


TJie organism' tras a small gram-po-sitive lancet-shaped diplocbcciis 
eonld be grown only under anaerobic conditions. The colonies, lihe those 
pneumococci, irere flat and surrounded by an area of greenish discoloration- 


■was bile soluble but did not give a “Quellnng" reaction ivith the seia i 


ofth« 

iniiliih 


Ivnoivn types. Fermentation with acid and clot formation occurred in 
galactose, lactose, maltose, saccharose, mannite, sorbitol, dextrose, 
erol, and letuilose serum media. The strain isolated by Smith differed iR | 
reaction took place in mannite, and acid only was formed in soi o 

Per se the organism was not pathogenic for mice. When mjee o o 
ivith mucin, Jiowcver, the mice were killed in eighteen hours hy a 
taming 150,000,000 oi'ganisms per cubic millimeter and positive 1 ,^. 

obtained from the peritoneal exudate and heart '.s blood. In rabn s 
travenous injection of as much as 2 c.mm. of an eighteen-hour (jic 

caused a transient baeteriemia which did not have a fatal onteome. 
animals were sacrificed six weeks after the injection, the only lesion.s pJ 
a few small abscesses in the liver. Intracutancous inoculation of 1 
dueed the same picture except for the presence of a huge local abscess 
site of the injection. Guinea pigs were killed by the intraperitonea 
of 1 c.mm. of an eigliteen-hour broth culture, altbough 0.1 c-inm. ‘'■vfifi 
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Mice infected -witli the orj^anism-miicin mixture were not protected by either 
snlfapyridine or sulfanilamide. Control experiment.s with a virulent pneumo- 
coccus revealed that mice could not be protected against suspensions of the same 
density, although tlie therapy was effective against smaller numbers of lethal 
doses. Obviously, no conclusion can ])e drawn concerning the susceptibility of 
our strain to snlfapyridine. 

Rabbits were immunized hy repeated intravenous injections of a suspension 
of killed organisms. The antiserum produced gave positive “Quellung, ” agglu- 
tination, and protection tcst.s with the homologous strain. No “Quellung” re- 
action was obtained with any of the 32 known serologic strains, and agglutination 
and protection tests with types I, II, V, VI, and XIV were negative. 

For approximately four months after its isolation, the organisms could be 
groum only under anaerobic conditions. After this period, however, it began 
to grow aerobically. At first there was a scanty growth but within five days it 
grew luxuriantly. The aerobic strain was identical with the anaerobic in its 
fermentation and serologic reactions, its virulence for mice, and its behavior to 
snlfapyridine. 

DISCUSSION 


A case of acute endocarditis and meningitis caused liy an anaerobic pneumo- 
coccus is reported. The onset with headache and swelling of the eye and the 
roentgenographic evidence of infection in the sinuses indicate that these were the 
primary foci, although in the absence of positive cultures this eaimot be stated 
definitely. 


Since soluble snlfapyridine was not then availahle, intrathecal sulfanilamide 
was given and maintained at a level of 7.6 mg. per cent for five days. The effect 
of this therapy is difficult to evaluate. As seen from Table I, the second spinal 
fluid was already sterile and the number of cells had fallen from 1,020 to 760 
per cubic millimeter. The subsequent fluids, except for the last one, were all 
sterile and showed a steady decrease in the cell count. The intratliecal therapy 
was discontinued when the number of cells had fallen to 29. 


Concurrently with the intrathecal sulfanilamide, oral snlfapyridine was 
instituted. On April 26, two days later, a blood level of 15 mg, per cent was 
reached. During the next week a total of 725 grains of sulfapj-ridine was 
given. The temperature in this period was below 100° F. On May 4 the 
patient suffered a chill with a rise in temperature to 104.2° F. A blood cul- 
ture at this time was positive. The concentration of snlfapyridine in the 
blood which had been 9.4 mg. per cent the previous day had fallen to 5.7 mg. 
per cent. The spinal fluid showed no organisms and had only 21 cells per 
cubic millimeter. Since the temperature remained high and the blood sulfa- 
Pyiidine could not he raised above 6.9 mg. per cent by oral administration, a 
soluble sulfapyridine compound (7 per cent solution) was given intravenously, 
or two intravenous injections the temperature curve appeared to take a 
ounward trend. On the next day, despite a sulfapyridine level of 11.1 mg. 
per cent, a positive blood culture was obtained. For the next two days the 
emperature ranged between 99° and 101° F. Following the third injection, 


however, 


a rise in temperature occurred and the intravenous therapy w’as dis- 
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Table 1 


Spinal Fluids 


DATE 

PKESSUKE 

1 

AP' j 
PEAK- 

AKCE 

SMEAK 

CULTUEE 

1 

CELLS 

sum- ' 

ATUUtDJ: 
C0XCE.V‘ 
TKATION' 
{m. ^c) 

4/24 

Slight increase 

1 

Turbid j 

Gram-positive 

diplocoeci 

(rare) 

No growth 

1,020 (83% polys.) ; 
(70% lymph.) 


4/25 

jSlight increase 

Turbid i 

j 

No organisms 

Sterile 

1 

760 (73% polys.) : 
(25% IjTapl;.) ! 

5,» 

4/26 

[Slight increase 

Turbid j 

No organisms 

sterile 

1 

SCO (69% polys.) 
(31% lympli.) [ 

C.5 

4/27 

1 

Slight increase 

Clear 

No organisms 

Sterile i 

220 (79% poly.s.) ; 
(23% l)mpli.) I 

7.S 

4/2S 1 

Normal 

Clear 

No Organisms 

Sterile 

96 (80% polys.) , 
i (20% lymph.) 

S.4 

4/29 1 

Normal 

1 

Clear 

No organisms 

Sterile 

70 (52% polys.) ' 
' (48% b-rapli.) 1 

7.S 

4/30 

Normal j 

1 

Clear 

jNo organisms 

Sterile 

1 29 (38% polys.) j 

(62% lymph.) 

s.4 

5/ 3 

Normal i 

Clear 

[No organisms 

Sterile 

[ 32 (37% polys.) j 

(03% hmpli.) ] 


5/ 4 

5/22 

Slight increase i 
Slight increase j 

1 

Clear 

Turbid 

No organisms 

Innumerable 
gram-positive 
‘ diplocoeci 

Sterile 

! Anaerobic 
pneumo- 
coccus 

‘ 21 (48% polys.) 1 

(52% U-mph.) 

1 

1 



Table II 


DATE 


4/22 
4/24 
4/20 
5/ 3 
5/ 4 
5/ 6 
5/ 9 
5/11 
5/1 S 


Blood 


C0LT0KE 

Anaerobic pneumococcus 
Anaerobic pneumococcus 


Anaerobic pneumococcus 
Sterile 
Sterile 

Anaerobic pneumococcus 
Anaerobic pneumococcus 


SULTAPTRJDKE CO^' 
CEKTKATION 



continued. The patient continued to receive 60 graiiLS of 
by mouth. Nevertheless, one iveek later tite blood level was only 3.2 Wc- 
cent. Prom Table II it is obvious that there was no relationship 
outcome of tlie cultures and the concentration of sulfapjTidine in tb® 
This fact was given added support by our experiment wbich sbovcdlic^' 
ance of the organism to the drag. 

Data concei'ning the frequency of the occurrence of anaerobic 
cocci is not available, since they are, as a rule, not sought for routine y 
observations suggest that further investigation along these lines is neede 


SUSIMAKY 

1. A ease of acute endocarditis and meningitis 
pneumococcus of a new serologic type is reported. 


caused by an anao'o^« 









DAUHENMIHK ; ATJtOSl’IIERIC POLLEN AT MOSCOW, IDAHO 311 

2. The identity of tlie organism was established by its solubility in bile, 
fermentation of innlin, and “Quellnng” reaetion with an homologous immune 
serum. 

3. These organisms were not pathogenic for mice, which could he killed by 
the injection of a hoary suspension in mucin. 

4. Mice infected with muein su.speiisions of these organisin.s were not pro- 
tected hy either sulfanilamide or sulfapjwidine. 

We wish to express our gratitude to Mrs. Anita Rosenfeld for her technical assistance. 

Addendum : In a recent article Walter find her co-worker.s* described a new type of 
pneumococcus which tliey designated as type 33. Miss Walter was kind cnougli to examine our 
strain and found it to be of the same type. 


RKPEREXCES 

]. Smitli, F.; Anaerobic Pneumococcus, Brit. J. Exper. Path. 17: 32D, 1D3G. 

2, White, B.: The Biology of Pneumococcus, Now York, 193G, The Commonwealth Fund, 
p. 44. 

n. Walter, A. W., Blount, K. D., Beattie, M. W., and Cotlcr, H. Y.; J. Infect. Dis. 66: 
1S1, 1940. 


A QUALITATIVE AND QUANTITATIVE STUDY OF ATJIOSPHERIC 
POLLEN AT JIOSCOW, IDAHO 


Jean B. Daubenmire, JLS., Moscow, Idaho 


^HE collections of jitinosplicric pollen grains used in this study were ob- 
tained by exposing gelatin-coated microscope slides on top of Morrill Hall 
on the campus of the University of Idaho at Moscow. The campus is on a hill, 
and the roof of Morrill Hall, a four-story building, is high enough that the 
local vegetation has a minimum effect upon the composition of the pollen of 
the atmosphere. 

An attempt was made to collect pollen for every twenty-four-hour period. 
This was not always possible, and as many as six days elapsed between some 
the samples. 


The slides were prepared according to AVodehouse’s' glycerin jelly method, 
and the stain, liasic fuchsin, was prepared according to the method of Cham- 
heilain.^ The slides were exposed 6 inches below the flat roof of a small 
t'speeially constructed shelter. After exposure the slides were stored in cream 
f^aniple bottles to keep them from gathering more pollen and dust before the 
co^er slips were applied. They could be stored in this waj' indefinitely if 
lainy weather did not excessively moisten the gelatin so as to permit mold 
spores to germinate. 

AVodehouse’s* hey for the identification of pollen grains was used, and 
• virther aids in identification, observations w'ere made on the phenology of 
s m the AIoscow vicinity, and reference mounts were prepared from fresh 
herbarium specimens. 

^ Slides were exposed from February 19 until December 2, although no pollen 
— ^ OB nd on them before IMarch 5 or after November 30. 


Received for 
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The first pollen caught was three grains of grass pollen which appeared 
on Marcli 5 (see Chart 1). Since no other grains of this type were caught until 
late in April, these grains were apparently produced the previous year. Other 
pollens appearing too early for the regular seasons were from Pinus, Artemisia, 
Chenopodiaceae, or Amaranth aceae, and of the Anthemis and Euraex types. 
Pine sheds its pollen most abundantly in June, hut old staminate cones we 
found shedding pollen in midwinter of 1939 shortly after this study was discon- 
tinued. This indicates a possible source of at least some of the stray grains col- 
lected out of the normal season. Duke and Durham'’ state that rain washes from 
the pollen grains the active principle causing allergy, so that these few out-of- 
season grains can be completely'’ ignored in using the data in the treatment of 
pollinosis. 



Chart 1. — Pollen types collected at Moscow during 1938. oj’ti.p first and I'*-* 

span of the pollination season ; black area indicates the interval 
on which five or more grains fell on the sample area of gelatin {3.24 cm.;. 

Although pollen analy'sts in other regions have distinguished betv 
belonging to the Chenopodiaceae and Amaranthaceae, this distinction 
impossible at hloscow. Table I, showing the measurements of a senes 
collected in early summer, indicates the difficulty encountered. ^ 

The local flora ineltides about twenty species in the Ciieiiopoe 
vided among Atriplex, Chenopodinm, and Salsola) and four gi-aiB* 

anthus. The data in Table I show that the measurements of the 
of this particular flora overlap to an extent that the distinction o 
is practically impossible. 
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Table I 


NO. OF 
GhAINS 

niAMETKR 

OF GRAIN 

DIAMETER 

OF PORE 

DISTANCE BETWEEN 

PORES 


ni;i 

in^ 


1 

21.5S 

1.06 

4.15 

1 

23.24 

2.49 

5.81 

1 

23.24 

3.32 

5.81 

1 

24.90 

1.66 

2.49 

1 

24.90 

1.66 

4.15 

1 

24.90 

2.49 

9.96 

1 

24.90 

2.49 

3.32 

1 

24.90 

2.49 

4.49 

2 

24.90 

2.49 

4.15 

1 

24.90 

2.49 

6.04 

2 

24.90 

3.32 

6.64 

i 

24.90 

3.32 

4.9S 

1 

24.90 

3.32 

8.30 

1 

2G.56 

2.49 

6.04 

1 

26.56 

3..32 

6.04 

o 

26.56 

3.32 

4.98 

1 

2G.5G 

4.15 

5.81 

1 

98 99 

3.32 

4.98 

1 

28.22 

3.32 

8.30 

1 

2D.8S 

l.CC 

2.49 

1 

29.88 

3.32 

4.98 

1 

29.8S 

2.49 

4.08 


Four per cent of tlie total grains collected during the year were received 
in a crushed condition, or were of unrecognized types. 

Examination of weather records,^ particularly the deviations from normal 
precipitation and temperature, shows that during the months when this study 
was made, the weather was slightly drier and warmer than the forty-six-year 
averages. According to Durham,® the dates of onset, crises, and close of the 
pollen seasons are practically the same at a given locality each year, except in 
cases of extreme drought. The weather of 1938 so closely approximated the 
normal climate that the pollen data presented in Chart 1 are probably typical 
of average years. 


I Tvlsh to thank 
search, and Dr. A. E 
ahsence from SIoscow. 


Dr. R. p. Daubeninire for suggestine the problem and directing the re- 
Braun and Mr. Arthur Nelson for assistance in exposing slides during my 
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INTRAMUSCULAR ADMINISTRATION OP SODIUM SULFAPYKIDINE* 


Lynn T. Hall, M.D., Edward Thompson, M.D., and 
Raymond J. Wyrens, M.D., Omaha, Neb. 


INTRAVENOUS and oral administrations of sodium sulfapyi’idine have been 
1 up to now the only routes used in the United States. Most American clinicians 
have administered the drug intravenously,’ and many reports have appeare 
in the literature on this means of administration.^’®’®’® However, the intra^ 
muscular route offers certain advantages over the intravenous route if the nie 
can be given with equal safety. Gaisford'* and others haAm preferred to gne 
the drug intramuscularly. 

Before recommending this tj'pe of treatment, one should consider certa 
experimental work. Recent reports of experimental intramuscular 
in guinea pigs showed such therapy to be dangerous and impractica a 
in the guinea pig. Necrotic sloughs occurred frequently, and loca 
were many.® In human muscles, however, the mass of muscle is larger 
total quantity of extracellular space that apparently contains large qua^^ 
of chloride is greater, thus providing a factor of safety. Those c micu^^ 
posed to the intramuscular route of administration also conten 
method is likely to produce local irritation and that, ermn if t le 
posited iirto the muscle, a depot may be formed from Avhich pw jj,;, 

tion can take place. Furthermore, because of the high ^ cnlll- 


this sola- 
■\Ve have i 


material used as compared Avith normal body fluids, it is argue 
tion is far too alkaline and caustic to be employed Avith safety, 
found this to be so. , 

During the past flve months 25 patients haA’e been treated am 
350 intramuscular injections of the drug. 


method of administration 

A 33% per cent solution of sodium sulfapyridine in steiile injecfe<l 

pared freshly Avith each dose of the drug. This of 

deeply into the gluteal or thigh muscles, care being ^ ^ needle trad 

material Avas deposited into the subcutaneous tissue throug ggjiediile 
either upon injection or upon AA^ithdraAval of the needle. | 
dosage folloAved closely that used in the oral administration o . ^^jon frow 
cubic centimeter of the solution represents 0.33 Gm. At the firs n 
6 to 10 c.c. Avere given, folloAved by 3 c.c. every four hours, un oiif- 

ture was normal for tAventy-four hours. Thereafter the dose Avas 
half, and its administration was continued for the next fiAm oi 

’ . jjebwsKtt- 

•From the Department of JleUicine, College of Medicine, Ilniversi 
The material used in this study was furnished by Merck & Co. 

Received for publication, June 27. 1940. 
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DISEASES STUDIED 

Treatment was not limited to cases of pneumococcal infections but included 
several other diseases, with varjdng degi*ccs of clinical success. They are in- 
cluded in this series to demonstrate the efficacy of the route of administration 
rather tlian to stress clinical effects of the drug. 


ANALYSIS OP DATA 


Table I shows a record of treatment of 25 persons with infectious diseases, 
14 of whom had pneumonia. Diagnoses were confirmed by culture, typing, and 
x-ray studies whenever possible. Concentration studies of the drug in the 
blood were likewise made, and these are recorded. The blood levels recorded 
in the table represent figures obtained after or during intramuscular injections 
and before oral administration had been started. These blood levels closely 
parallel those obtained with the same amount of the drug administered orally. 
It will be noted that the temperature responses are almost identical with those 
following the oral administration of the drug. The clinical results appeared 
to be as good as those obtained by other methods of administration. Toxic 
effects were strikingly few or extremely mild when noted. In the 25 patients 
studied there were no local effects of irritation or tumefaction. The patients re- 
ported no more pain attendant upon the inti*amuscular procedure than has been 
noted after any other parenteral therapy in common use. The only toxic 
effects noted were four instances of nausea and vomiting; three of these pa- 
tients had been vomiting before the drug was given. No instances of agranulo- 
cytosis, massive red blood cell destruction, or skin reactions were noted in the 
series. 


DISCUSSION 


It is not the purpose of this communication to urge the intramuscular ad- 
ministration of sodium sulfapyridine to the exclusion of other routes. How- 
ever, if it can be shown that this method is a safe procedure, nearly everyone 
will acknowledge that the technical advantages of this route of administration 
are many. 


&ome investigators have noted that muscles are capable of storing metallic 
fiiugs as well as other materials with no apparent damage and that absorption 
takes place thereafter. If such theoretical depots or storage reservoirs are 
pioduced, they do not appear to cause demonstrable effects. It is also of 
interest that adequate levels (3 to 10 mg. per cent) of the drug in the blood 
be obtained promptly by this method. Moreover — an important point— 
the level is reached, it can be maintained for much more protracted 
periods than is the case with intravenous therapy. Fenn and his associates’ 
934 and Sandow® in December, 1939, pointed out that 15 per cent of muscle 
If extracellular space, in which all the chloride is believed to reside. 

IS the case, it may furnish an explanation for the ease with which a 
• e e IS able to handle the very alkaline sodium sulfapyridine solution, 
the technical advantages of giving any drug intraniuseularly are many if 
av otherwise safe. Gastrointestinal reactions to the drug are 

cd. Nausea is usually a very constant .symptom when the drug is given 
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by mouth, and the condition even progresses to vomiting, Avhieh precludes fk 
administration of the drug. In the treatment of comatose patients it is obvi- 
ously unwise to attempt to make them swallow drugs or to introduce fk 
drugs into the stomach by tube, since in either instance the aspiration of the 
drug is likely. Old persons with tortuous and sclerotic vessels, infants, chil- 
dren, and women with inconspicuous or no ample sized veins are usually poor 
subjects for intravenous therapy. Likewise a safe alternative route of admin- 
istration is always desirable in those eases in which any factor has made the 
oral or intravenous routes imirractieable or impossible. 


CLINICAL RECORD OF A TYPICAL CASE 

Mrs. A. M., aged 65 years, was admitted to the Uuiversity Hospital on Pec. S, 193.1, 
complaining of chills, fever, and cough with bloody sputum. Seveuty-two hours beiMe 
admission she had been suddenly seized with a chill which was soon followed by e\M. 
She began to cough and shortly thereafter felt a sharp pain in the right chest w uc i 
aggravated by deep breathing and by coughing. 

Her past Iiistory is irrelevant except for two attacks of lobar pneumonia, one in 1 i 
the other in 1934. Each time she made an uncomplicated recovery'. 

On admission her temperature was 101° F. and rose to 102 F. within 
There was limitation of motion of the right chest, with dullness and decrease 
sounds over its lower half. A ferv moist rales were heard over the same area, 
count was 15,200, of which SO per cent were polymorphonuclear in type. '^**densitr 

tive. A roentgenogram of the chest, taken by the portable unit, revealed a di jjj 

involving the middle third of the right lung field. Sputum examination revea e 
pneumococci. ^ ^ 

At eleven o’clock on the night of admission 6 c.c. of 33^ per cent ^ 

- - - -■ four hours hy another 


sulfapyridine were administered intramuscularly, follorved in 


lx hours was heg«a t 


The following morning administration of 3 c.c. of solution every ^ of the drug 


of S.3 Kg- 


continued for six days. On the morning after admission, after a total < 
had been received intramuscularly, examination showed a blood 4,1 aig 

per 100 c.c. Two day's later the blood level was 5.4 mg. per 100 c.c. and s i 
per cent. ^ p... 

The patient’s temperature on the second day of admission remaiudw 

the following morning it dropped to normal where it remained throng on (ic 

of her hospital stay. The chest findings rapidly resolved and disappeate 
seventh day after admission. After the second day' the patient felt muo i 
tively, and at no time was there any indication of local irritation at the si e 
The patient was dismissed in good health on Dec. 17, 1939, her tenth hospita 


CONCLUSIONS 

then 350 illth'’' 

1. Twenty -five cases have been analyzed, in which more " , were 

muscular injections of 33% per cent solution of sodium sul apin 
given. 

2. Clinical results of the drug as manifested by blood sulfs- 

ture response were parallel to those obtained by orally a mini 
pyridine. _ ^ ^,^g dm? 

3. Extreme care must be exercised to insure the deposition o 

into the muscle. _ _ _ -ivere not se«>' 

4. Toxic effects were minimal. Local evidences of irritation 

5. There are many technical advantages to this route of a 



KEEG.VN'CAKER : GIANT CELL TUMOR OF P'RONTAL BONE 


319 


REFERENCES 

1. Mavshall, E. K., and Lonp, P. H.: The Intravcaous Use of Sodium Sulfapyridine, J, A, 

M. A. 112: 1672, 1939. 

2. Finland, M., Lowell, F. C., Spring, W. C., Jr., and Taylor, F. H. L.: Parenteral Sulfa- 

pyridine; The Intravenous Use of Sodium Sulfapyridine and a Report of Clinical 
and Laboratory Observations on the Use of Glucose-Sulfapyridine Solution, Ann. 
Int. Med. 13: 1105, 1940. 

3. Abernethy, T. J., Dowling, H. F., and Hartman, C. R.: The Treatment of Lobar Pneu- 

monia With Sulfapyridine and Sodium Sulfapyridine With Observations Upon Ef- 
fective Blood Levels, Ann, Int. Med. 13; 1121, 1940, 

4. Gnisford, W. F., Evans, G. M., and Whitelaw, W.: Parenteral Therapy With M. and B. 

693, Lancet 2: 69, 1939. 

5. Wilson, G. S., and Maior, Irene: Treatment With Sulphapyridinc (M. and B. 693) of 

Guinea Pigs Infected With Brucella abortus, Brit. M. J., Jan. 13, pp. 47-50, 1940. 

6. Sandow, A.: A Geometrical Determination of the Extracellular Space in Muscle, Proe. 

Soc. Exper. Biol. & Med. 42: 772, 773, 1939. 

7. Fenn, W. 0., Cobb, D. M., and Marsh, B. S.: Sodium and Chloride in Frog !Muscle, Am. 

J. Physiol, no: 261, 1934. 


GIANT CELL TUjMOR OP THE FRONTAL BONE 


J. Jay Keegan, jM.D., and Charles P. B.vker, M.D., Omaha, Neb. 


The case of giant cell tumor of tlie frontal bone in a boy 13 years old is 
^ presented here because of the rarity of the lesion in bones which are of the 
membranous typo. Review of the literature discloses only one previous case 
which was reported by Fraser^ in 1931. This patient, aged 42 years, following 
trauma over the left forehead region, developed a mass. The mass was removed 
surgically and was found to be a soft tissue tumor which contained giant cells 
on section. Geschickter and Copeland* reviewed a scries of 22 eases of giant 
cell tumor of the skull bones found at Johns Hopkins Hospital and found no 
instance of tumor which arose in membranous bone. All these cases could be 
lelated to centers of ossification arising in cartilage. They reached the con- 
clusion that benign giant cell tumor could not occur in bones whicli arise mem- 
ranously. Cotton^ likewise observed that giant cell tumors do not occur in 
tne bones of the skull. 

case report 

i .1 aged 13 yeans, was first seen on June 21, 1937, with a piotruding mass 

to forehead region. This mass was first noted in 1935, at which time it was thought 

e a swelling from an uniecognized trauma. However, progressive enlargement of the 
or mass, wliich was firm in consistency, painless, and not tender on palpation, discredited 
'IS impression. The mass gradually encroached on the right eye, displaced the eye, and 
movements. No history of tramiia m tlie legion of the tumor mass could be 

The boy was healthy except for the tumoi mass above the right eye. In this legion 
fo aas a smooth, firm, right frontal tumor which measuied 5 cm. in diameter and was 
J 1 cm. above the level of the surrounding external table of the frontal bone. The 

r was situated directly above the superior orbital iidge and external angular process of 
if extended acioss the tempoial iidge into the temporal fossa. 

Jight eye was slightly exophthalmic and was displaced medially and domiward, with ic- 
lateially and upward. 

Received for publication, November 6, 1939. 
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bone at the articulation with the sphenoid and malar bones. The inner surface of the tumor 
was indefinitely outlined by a rounded, partly absorbed, inner table nliieh seemed to pro- 
trude into the cranial cavity about 4 cm. The superior orbital plate was well defined but was 
depressed about 5 mm, from above and laterally. Some evidence of trabeculation could be 
seen within the tumor although its general density was little greater than tlie normal frontal 
sinus. A preoperativo diagnosis of right frontal mucocele was made. 



Fig. 6. — Low'power mlcrophotograph of tumor showing numerous giant cells and fibrous stroma. 





6. High-power mlcrophotograph of tumor showing distribution of nuclei In giant cells. 

At operation on July 19, 1937 an opening, 2 by 3 cm., was made through a somewhat 
roughened and almost perforated thin external table over the tumor. Moderately firm, grayish 
found filling the bone defect. An immediate pathologic report was giant 
tumor, ^ possibly xanthoma. The tumor tissue was removed by blunt dissection and 
we tage with considerable bleeding. The inner table, which was found to bo thin and eroded 
the h partly removed from the dura to reduce its impression on the frontal lobe of 

tumo'^^h^ pormit some expansion of the frontal lobe into the largo cavity where the 

or ad been. The superior orbital plate was not removed where it had been depressed by 
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the tiuiior. Hemostasis was obtained with difficulty in the region of the lateral tumor bed k 
means of electrocoagulation. In this region and at other places in the wall some tumor 
tissue probably remained. The tumor cavity was filled with normal saline, and the scalp 
was closed without drainage. 

Recovery occurred without aspiration or infection. Roentgen radiation therapy rvas 
given over the tumor area from' July 26 to July 31, 1937, in a dosage of 1035 r. divided into 
six daily doses. The blood cholesterol determination on July 26, 1937, was found to be 
150 mg. per cent, and the blood calcium was 8.8 mg. per cent, both within normal limits. 
Fluoroscopic examination of all the bones of the body disclosed no evidence of further hone 
lesions. 

The boy’ has remained w'ell for more than two ymars since tlie operation, and the area 
operated upon shows very little remaining deformity. The right eye does not appear exopli- 
thalmic, and its movements are normal (Fig. 3). Roentgenograms taken on Oct. 27, 1939 
(Fig. 4) show the area of bone removed by operation surrounded by a smooth wall, con- 
siderably reduced in size with no evidence of recurrence of the tumor. 

The tissue removed by the surgeon consisted of 32 Gm. of grayish red hemorrhagic 
tumor. The tissue was very friable and crumbled easily, except that removed from the 
periphery which was more firm and had more the appearance of fibrous tissue. These firmer 
areas extended into the central portion of the tumor. 

On section the tumor was found to contain great numbers of multinucleated giant 
cells. In some areas there were from 20 to 40 giant cells in a low-power field (Fig. 5). le 
giant cells contained from 5 to 25 oval uniformly staining nuclei which had a ten ency 
to be grouped in the center of the cells (Fig. 6) . The cytoplasm of the giant ^ ^ 
homogeneous and stained well with eosin. The giant cells were more abundan a 
periphery of the tumor but were present to a lesser extent throughout the 
stroma of the tumor was very cellular and consisted of round and spindle-shape 
former being most numerous. The nuclei of the round cells were similar in appeara 
the nuclei of the giant cells. The cytoplasm of the round cells was small in amoin 
tumor contained many blood cells both inside and outside of blood vessels. 

CONCLUSION 

A case of benign giant cell tumor of the frontal bone has been pi 
The location of this tumor in membranous bone is unusual since er^^ 
one other case reported in the literature. The theory of Geschickter 
land for the origin of giant cell tumor from resorptive processes in car i c 
bone seems quite reasonable but does not explain the origin of this tnffloi. 
have been unable to find any evidence in the literature of ^ 
cartilage is ever present in the frontal bone. We have made no stn } 
origin of giant cell tumor and have no theory as to the origin of this tumo 
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CLINICAL CHEMISTRY 


A THEORY OP PORPHYRIXOGEXESIS* 


AV. J. Tubnfji, B.S., JI.D., Xorth Little Rock, Ark. 


'^HERE is 110 one today wlio can say how henioglobin is fornied or from 
what sources its pigmented fraction, protoporphyrin, arises. After a cen- 
tury of study of hemoglobin metabolism there is still nothing known of its 
anabolic aspects. Between the absorption of food and the appearance of 
porphyrins and porphyrin compounds in the cells of the body and in excreta 
there lies an unexplored and undoubtedly important gap. 

In the absence of any definite information as to how the various porphyrins 
arise, a number of hypotheses hai’e been broached, all of which fail to satisfy 
the requirements of heuristic concepts in two major essentials. In the first 
place, they leave unexplained one or more of the major factors in the problem ; 
in the second place, they offer no points for direct experimental attacks. Any 
theory of porphyrinogencsis must explain the following facts; 

I. The occurrence of the following porphyrins : protoporphyrin 2, proto- 
librphyrin 9, coproporphyrin I, coproporphyrin III, uroporphyrin I, and uro- 
porphyrin III (Fig. I). 

H, The normally great predominance of protoporphyrin 9. 

HI. The normal appearance of small and equal amounts of the two eopro- 
porphyrin isomers. 

IV. The extremely rare occurrence of the uroporphyrin isomers. 

As a matter of historical interest it is worthy of note that Giinther,’ in his 
1911 monograph on porphyria, discussed the possibility that there might be a 
faulty catabolism of hemoglobin, with the production of “hematoporphyrin” 
m the liver. This view was shortly proved untenable, at least in its original 
form, by Fischer’s^ demonstration that the porphyrins excreted in porphyria 
are coproporphyrin and uroporphyrin, and that in any event they are of an 
entirely different isomeric type than is the blood porphyrin. Further studies 
on porphyria have also revealed that the enlarged liver of true congenital 
porphyria is not functionally impaired either as an excretory or as a metabolic 
organ,= and that acute porphyria not infrequently occurs without evidence of 
liver damage.*’® It should not now require proof that the “urobilinogen” of 
the acute porphyric urine is not urobilinogen at all.*’ ' 

Following his demonstration that the feces of Petry contained the tetra- 
carboxylic acid coproporphyrin, whereas the urine contained predominantly 
the octacarboxylic acid uroporphyrin, Fischer®' suggested that the former 
'**’sht a rise by earboxylation of the latter in the kidney. This has been aban- 

^rom the Veterans Administration Facility, North Little Rock. 
suTTiPo permission of the medical director. Veterans’ Administration, who as- 

ines no responsibility for the opinions expressed. 
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doned m ^dew of the improbability that .ucb a reaction could occur biolo^i. 
in t 

By 1929, when Borst and Ivdnigsdoi-fer® published their monumenta] trea- 
tise on the pathologic eNaminaiioii of Petiy, the Munehen school was in agree- 
meat that the sjmtliesis of the three main types of porphyrins ran independent 

courses. In particular, porphyria mas regarded as an error of poraiiTrffi 
anabolism. 

Repeatedlj suggested, even today, is tlie possibility that protoporphyrin 
niay ^iie lise to coproporphyrin. This is based on the old idea that the par- 
p lyrni excreted in porphyria is hematoporphyrin. It is to be said here that 
lematopoiphynin is an entirely artificial product of the chemical lahoratoiy 
an does not occur in nature. The belief mas a part of the theory that there 
might be a faulty breakdoivn of licmoglobiii in the liver. In 1932' van den 
Beijjh, Grotepass, and Revers® claimed that on perfusion of liver mith a soiu- 
taon containing protoporphyrin the bile excreted contained coproporpliyrin. 

IS experiment has been ividely quoted or tacitly used to support later pro- 
ponents of a catabolic theory of eopi'opoiphyrin formation. Aside from the 
act that it has never been repeated, and that Fischer has been unable to cor- 
roborate it,’“ the evidence pre.sented by the authors is of the slightest sort, 
ischei and Orth^® say; “ hloglichermeise handelt es sicb Irierbei aberuradie 
eic te 1 erstaudliche Bilduug von Hamatoporphyrhi IX, an Stelle desKopro- 
porphyrm III.” The objection must also be made that the catabolic theoiy 
entirely begs the question as to the origin of protopoiphyrin, 

Latei Schreus'^ and Carrie^^ proposed a classification of diseases of pon 
p yiin metabolism based on the type of porphyrin excreted. If tjTclp®^' 
phyrins mere formed, it mould be considered a “primary" fault; if type in. 

1 Mould be secondary” to a faulty hemoglobin destruction. lYhile some 
evidence has been presented for this vieiv, and Vannotti,” in particular, leans 
m studies on porphyria have shown sucli a classification to he 

n 0 j untenable.^ Among tlie objections to it may be nieiitioued only the 
necessity of explaining bom iirotoporphjnun may give rise to coproporphyi'hri 
tlie iailure to explain uroporphyrin or protopoi-phyTin formation; the fail"'’' 

0 exp aiii Dobriner’s’^ evidence that coproporphyrin formation is associate 
Mit eiyt iiopoiesis rather than hemolysis; and the inabilitj' to explain*'*® 
simn taiieons excretion of both isomeric tj’pes of porphvrins, mhieh is the nik 
rather than the exception. 

The faulty hjqjotheses of the past have been inadequate in large part he 
cause of the lack of sufficient data on irhieh to build soundly. Since the dis- 
coveiy of a porphyria mitli excretion of coproporphvrin III bv van den Bergh. 
Regnieix, and MiUler^^ in 1928, there has been a realization that sooner or latff 
isomers of the other laioivn porph.vrins u^ould be found to occur in nature. Th« 
mas demonstrated for the uroporphjmins in 1935 by Waldenstrom,'® and in <«« 
folloM ing year by Mertens." and by Fischer and Libomitzky.'® It has sin^® 
been abundantly confirmed in human,”- ” bovine, and squirreP' porphyria 
that both isomeis are excreted simultaneously. Recently, Blertens" has re 
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vealed indeed that in Petry feces tlic presence of coproporphyrin III in ad- 
dition to coproporphyrin I had l)een overlooked, despite its presence in amounts 
as great as that of tlie liiore easily crystallized coproporphyrin I. This is of 
the greater importance since Grotepass” has reported that the two copropor- 
phyrin isomers occur in equal amounts in normal urine. Recently, Fischer-* 
has presented evidence that there is also a dualism of the blood pigments, in 
that, in addition to the previously identified protoporphyrin 9 obtainable from 
hemoglol)in, there is also a small amount of protoporphyrin 2, 
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In 1936 Rimington,^^ appreciating the dualism of the porphyrins, proposed 
El schemYic theory of enzyme action controlling not only the rate and type of 
porphyrins production, but also the formation of different porphyrins. His 
postulates, however, were too generalized for closer definition and merit no 
a Ill the same year, at the Baltimore meeting of the Southern Jledi- 

ofi Society, Dohriner put forth a theoiy, published in 1937,^^^ that definitely 

proposed a chemical mechanism of porphjTjnogenesis in keeping with known 
lacls. 

According to Dobriner, it is postulated tliat there are formed two pjTro- 
lencs, A and B, which may combine in any of three possible ways : A + A 
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will give a type I porphyrin; B + B, a ts^pe 11- porphyrin; A + B, a type III 
porphyrin. 

Type II porphju'ins have not so far been discovered in biologic material, and 
Dohriner was led to suppose an enzymatic action which would act in siicli man- 
ner as to agree with actual facts. It will be noted that this ingenious tlicor;- 
still fails to explain the occurrence of three kinds of porphyrins. 

By a glance at the formulas in Pig. I it wall be apparent that these three 
kinds of porphyrins may be considered to be comprised of no more than three 
structural units; namely, 2-aeetic acid, 3-propionic acid pyrrol; 2-methyl, 3-pro- 
pionic acid pyrol, and 2-methyl, 3-vinyl pyrrol, of the structures in Fig, III. 
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By simple decarboxylation of the acetic acid group pyrrol I is 
into pyrrol II ; dehydrogenation and decarboxylation of pyri’ol II le^ ® 

III. These reactions are well knoAvn in biologic processes, and it is 
imaginable that pyrrol I may actually be the primary building bloc' 
naturally occurring porphyrins. 

Such a pj'Ti’ol may well undergo an aldehyde synthesis to foim 
methene. Corwin and Andrews"® have shown that in the aldehyde sjn 
pyrromethenes there is an intermediary formation of a tripyrrylmet ^ 

of considerable interest tliat at least once in the experiments of ),8S 

compound has been formed as a blind alley. This compound, prodigiO' 
been given the structure in Pig. IV.=^ , of 

It may now he seen that if such a tripyrrylmethane were to be ^ 01 
the pyi’rol I units, it may have the following form, whicli, on passing 
pjTromethenes, may lead to uroporphyrins 1, 11, and III : 

Such a s^^lthesis must he very rare, for it is seldom found, an 
occur onl}' wlien the acetic acid group is protected from decarhoxjdation. 
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and Hofmann, and Fischer and IVIuIler*® have sliown tliat pj’rrols of the type 
under discussion are unstable, losing carbon dioxide spontaneous!}’ at room 
temperatures. 

The formation of an liomologous trimethyl, tripropionic acid tripyrryl- 
methanc might explain the formation of the coproporphyrins. 



Uroporphyrin I Uropoiphyiinlll Uroporphyiin H 


Figure 2^ 

However, the predominance of protoporphyrin as the apex of pyrrol me- 
tabolism indicates strongly that the extent of formation of pyrrol III must bo 
large. The formation of protoporphyrin 2 and protoporphyrin 9 may then be 
accounted for by the intermediate formation and decomposition of a tripyrryl- 
methane according to the course indicated in Pig. VI. 

In this theoiy, as well as in Dobrincr’s, there is expected the formation of 
some typo II porphyi-in (protoporphyrin 5). If the theory is correct, this will 
he found, unless there is some purely chemical reason, possibly associated ■with 
substituents on the 1 or 4 positions of the pyrrol rings, which would preclude it. 
It is, of course, likely that porphyrins are not formed without the action of 
onzymes, but of them nothing is known at present. However, the fact that uro- 
and coproporphyrins almost univereally occur as their zinc complexes®- 
suggests that this metal may play a part in their formation. 

Concerning the source of the propo.sed pyrrol I there is little to be said. 
Certainly it cannot arise from chlorophyll or any of its derivatives. Here it 
^ay be pointed out that there is no reason to believe that chlorophyll plays any 
part m the foniiation of animal porphjTins. Among the amino acids only 
tryptophan could conceivably he a precursor of pyrrol I, and this would require 
e improbable but possible opening of the 6-membercd ring. This might occur 

an oxidative scheme, such as is known with tvrosine and with quinone 
(f'ig. VII). 

^®'''aver, as has been pointed out by Thomas,®^ there is no good evidence 
a tiyptophan is essential in the foiunation of hemoglobin. Indeed, the work 
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of Fischer and his students, investigating the production of coproporpliyrin ty 
yeast, and the study of Thomas'’^ with the Harder’s glands of rats as an indi- 
cator of protoporphyrin production, point to the prohahility that carbohydrate 
and simple amine metabolism is closely related to porphyrinogenesis. 



Fi^nre 3ZL 





Figu.re idl 

. YllC 

Finally, we may briefly consider the site of porpliyiin 
rediscovery of cytochrome bj^ Keilin in 1925, and the simultaneous 
of coproporphyrin synthesis by yeasts, reported by Fischer an u® ynicell"- 
has lieen corroborated many times’’"' "" over. It is now plain that e^ e 
lar organism is capable of forming its own porphyrins, and function- 

evidence that this is indeed a general as well as an ancient ce u 
This formation appears to lie characteristic of grov'ing cells, so t^in^ pi-obatd.'’ 
animal the formation of porphyrins due to the majority' of ce s^ forma- 
slight. In view of the great activity' of the ery'thropoietic 
tion of hemoglobin, it is here tliat the evidences for cellulai g^.j(jencc is 

must be sought. Indeed, it is here that the most straight poi'pK'n''”^ 

found. Eepeatedly', fluorescence characteristic of the three pf jj-on nn*l 

has been observed in erythroblasts, gradually' fading as the a (jemonstral'*’'' 
protein dampened it."’ "" Hou'ever, in porphy'ria, the^fieque^ pgriphcral 

of zinc uroporphy'rin,"’ as AveU as of other porphy'rins ’ ^ ^ajtjon cells 
portion of liver lobules, suggests the possibility that in this con 
than ery'thropoietic may be active in porphy'i’inogenesis. 


SUMMARY ^ tcdori?’' 

A theory' of porphy'rinogenesis is proposed, based upon the pf .^vllic!^: 

nal formation of a 2-aeetic acid, 3-propionic acid pyrrol, t le pi 
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by passing througli an aldehyde synthesis over a tripyrrylnicthnne, may form 
protoporphyrins 2 and 9, coproporphyriiis I and III, and nroporphyrins I and 
III. The nature of the fundamental disturbance of metabolism in porphyria is 
suggested. The sources and sites of porphyrin formation arc discussed. 
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pent, respectively, was found in llic livers of two dogs studied, and an aver- 
age of 50 per cent in the livers of rabbits. Histologic examination of the 
liver tissue, and marked changes in the composition of the hile, especially of 
the hile pigment excreted by the dogs under ohscrvation, led these authors 
to conclude that intravenous injections of gum acacia ivere likely to cause 
marked liver damage. In the same contribution they reported a fatal clinical 
ease of nephrosis in which this form of therapy had been employed and in 
which 43 per cent of the injected acacia was found in the liver. The liver 
cells presented the same characteristic vacuolated appearance noted in the 
liver cells of the experimental animals. 

In the following year Dick, AVarweg, and Anderseh' extended these 
clinical and experimental observations and concluded that the intrav'enous 
use of gum acacia in patients with nephrosis was likely to be attended with 
harmful effects. 

In 1937 Studdiford’ called attention to the extreme danger of employ- 
ing intravenous injections of gum acacia in patients with already damaged 
livers, such as arc likelj’ to he found in the toxemias of pregnancy and similar 
disorders. This form of therapy, he pointed out, might interfere wdth the 
gaseous exchanges of the red blood cells, and if carried to a marked degree, 
might produce severe or fatal anoxemia, especially if faulty solutions were 
employed. He also produced evidence to show that such solutions might 
cause “conglutination of the red cells, with resultant capillary blockage 
followed by edema and hemorrhage. ’ ’ 

The purpose of the present contribution is twofold : to study liver func- 
tion by various tests after the e.xpcrimental intravenous injection of acacia, 
and to observe the possible effects of this method of treatment on the produc- 
tion of immune bodies. The general procedures employed in the handling 
of the experimental animals and the injection of the gum acacia, together 
vnth the methods of analysis used for acacia, are set forth in detail by 
Andersch and Gibson.^ 


STUDIES IN LIVER FUNCTION 

Glucose and Galactose Tolerance Tests . — Glucose and galactose tolerance 
tests were performed on normal dogs after they had fasted eighteen hours or 
more. Blood for a control sugar determination* was taken from the marginal 
vein of the ear, and other samples were taken every half hour for a two- 
hour period following the administration by stomach tube of 1.5 Gm. of 
sugar per kilogram of body weight (Table I). The blood galactose,'^ as well 
as the total sugar, was determined subsequently in two more dogs in the 
course of the galactose tolerance tests. All the dogs were then given from 
three to seven intravenous injections of gum acacia (totaling 4.4 to 10.7 Gm. 
per kilogram of body weight) over periods varying from three days to four 
weeks. Several days after the last acacia injection the glucose and galactose 
tolerance tests were repeated. 

The control glucose curves obtained in this study are similar to those 
'’y Bodansliy' after the oral administration of sugar, and by Soskin, 
■* weiss, and Cohn' after its intravenous administration. The curves ob- 
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tained after the injections of acacia apparently correspond with the glucose 
tolei'anee curves obtained by Soskin and Mirsky® in severe liver intoxications. 

The galactose blood clearance controls agree with the curves obtained 
on normal dogs by Bodansky.® A marked diminution in galactose tokmee 
was observed after the injection of aeaeia. 

Table I 

Effect of Intravenous Injections of Acacia Upon Tolerance op Dogs 
TO ULUCOSE AN0 galactose 


DOG 

NO. 


4 

5 
G 

10 

11 


acacia 

TOTAL 

GM./KG. 


0 

4.4 
0 

7.5 
0 

9.0 

0 

10.7 

0 

8.4 


0 

S.5 

0 

6.8 


GLUCOSE TOLERANCE 
BLOOD SUGAR AT HALF HOURS 
MG. PER CENT OF GLUCOSE 



0.5 1 

Ql 

i 1.5 

IQni 

2.5 j 

3.0 

0.0 

0.5 

1.0 1 

1 

B 

147 j 

B 


81 1 



92 

157 

145 

i; 

120 

157 

1157 

140 

98 1 

j 


98 

200 

236 

2 : 

81 

i 118 


i 82 

79 



81 

102 

165 

1! 

69 

165 1 

179 

138 

79 



90 

131 

189 

2i 

50 


^99. 

80 

78 



87 

135 

122 




147 

1 90 

95 



90 

142 

186. 

1; 

1 

92 1 

179 

173 

' 90 

74 j 



120 

167 i 

212 

li 

96 

217 

212 

j 165 

96 



102 

192 

226 

2: 








79 

167 

186 

li 






i 


86! 

186 

226 ! 

1! 


GALACTOSE TOLERANCE 


1 




BLOOD SUGAR AT HALF HOUP.S 

1 




JIG. PER CENT OP GALACTOSE 



HB 

■ 


■sgg 


100 : 

68 1 

j 









97 1 

SI 1 

45 ! 


90 

m 


B 


71 * 

91 

122 1 

109 

31 

1 

91 

154 i 

167 

21 


101 

'lOl 

104 1 

151 

66 

35 

85! 

160 1 

221 

2: 


GALACTOSE TOLERANCE 
BLOOD SUGAR AT H.UiF EOCES 
JIG. PER CE.VT AS GLUCOSE 


1.5 


96 


2.0 


129 

162 

17B 

175 

S5 

102 

142 

167 

129 

ISS 


2.0 ! 3.1) 


125 
133 j 


letAucjs uuLaxneu jji Ltwav aic i 

side of the table. 

Teiraiodophcnolphihalein and Bilirubin Tosls. — Dogs were 


line on the 
tested by a 


modification of the sodium tetraiodophenolplithalein liver function 
of Graham.'’ Ninety seconds after the injection into the juguD^ ^ 

mg. per kilogram body weight of tetraiodophenolplithalein ^ 

sample of blood ivas ivitlidraivn from the vein on the opposite side an 
lated. Additional samples of blood were obtained fifteen, thht}, 
minutes later. One cubic centimeter of plasma from each specwn^^ 
made alkaline ivith 2 drops of 10 per cent sodium hy'droxide, 10 c.c. 
alcohol wei’e added, the contents of each tube were mixed, 

of the dye 


in ihe 


box overnight, and centrifuged in the morning. The test of the 
sample was used as a standard for the colorimetric determination 
in the subsequent specimens. 

Observations on four dogs revealed no significant^ changes 
ability of the liver to excrete the dye before and after 
acacia; in two other dogs there was apparently a slight le ne 

For the bilirubin test the method suggested by Soffer jntrs- 

One milligram of bilirubin per kilogram of body weight 
venously to two normal dogs and to two dogs which had had a i 







HALL ET AL. : STUDIES ON INTRAVENOUS INJECTION OF COLLOIDS 333 

injections of acacia (Table II). Samples of blood were withdrawn before 
injection of the iiigment, and again five minutes and four hours afterward. 
The plasma bilirubin in the specimens was determined quantitatively by 
the Gibson and Goodrich” modification of the van den Ilergh procedure. 
The Soffer method, which was suggested for clinical use, gave a rather 
low degree of bilirubinemia. "NYe therefore repeated the test, using the 
procedure suggested by Dragstedt and Mills.” Ten milligrams of bili- 
rubin per kilogram of bodj' weight were injected intravenously, and blood 
samples were withdrawn before the injection, and five minutes, thirty min- 
utes, one hour, and two hours aftenvard. In none of the four dogs used 
was there any alteration in the rate of removal of the injected biliruliin. 

Table II 


Bilirubin Liver Function Test on Normai. Docs and Doos After Acacia Injections 


DOG 

NO. 

weight 

(KG.) 

ACACIA 

INJECTED 

(O-M.) 

BILIRUBIN 

INJF.CTED 

(MO.) 

VAN DEN BEROH — .MO. BILIRUBIN 



TIME 

IN MINUTES 



u 

2.5 

5 

39 

(50 

120 

240 

3 

9.5 

U 


0.2 


1. 2 




0.4 

0 

S.7 

90.(5 

8.7 

O.G 

1.9 

1.3 




0.7 

6 


(57.0 


0.5 


0.7 




0.0 

7 

9.2 


9.2 

0.3 

1.9 

2.0 




0.6 

5 

8.7 

90.(5 


0.2 


15.3 

5.0 

2.9 

2.1 


7 

9.2 

0 


0.3 


15.0 

5..3 

2.8 

2.5 


8 

5.5 


55.0 

0.2 


7.0 

.3.7 

1.4 

1.0 


8 

5.5 

41,4 

55.0 

0.2 


4.0 

1.8 

1.0 

0.9 


9 


0 


0.3 


0.5 

3.9 

1.4 

0.9 


9 

o.O 

45.0 

50.0 

0.4 


(5.8 

2.7 

0.0 

0.9 



Table III 


Effect of Intravenous Acacia Injections on PLASiiA Protein Level 


1 Is 



PLASMA PROTEIN IN OILVMS PER CENT 



WEIGHT 

(KG.) 

ALBUMIN 1 

GLOBULIN 

FIBRINOGEN I 

1 TOTAL 

PROTEIN 

REMARKS 




BEFORE 

AFTER 

BEFORE 

AFTER 

BEFORE 

AFTER 

BEFORE : 

AFTER 


2 

9.7 

2.94 

i 

2.54 

LOG 

1.80 

0.38 

0,14 

4.98 

4.54 

82.5 Gni. acacia 
blood drawn 4 
days after last 
acacia injection 

4 

7.5 

2.52 

, 2.11 

2,74 

2.58 

0.41 

0.24 

! 

5.G7 

4.93 

07.5 Gm. acacia 
blood drawn 3 
days after last 
acacia injection 

0 

8.7 

2.44 

1,72 

1.9G 

1.10 

0.32 

0,04 

1 

4.70 

2.80 ' 

9G.G Gm. acacia 
blood drawn 4 
days after last 
acacia injection 


8.0 

2.74* 

2.20 

2.03* 

1.80 

0.37* 

0.21 

5.14* 

4.20 

G7.5 Gm. acacia 
blood drawn 5 
days after last 
acacia injection 


This sample of blood was drawn a few minutes after the Orst acacia injection. 


hsma Protein Determinations . — ^Plasma protein determinations were 
^ a e by the colorimetric method of Andersch and Gibson,” modified by 
the fibrinogen precipitate and substituting the tyrosine factors 
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tained after the injections of acacia apparently correspond ivitli the gliieos 
tolerance curves obtained by Soskin and Mirsky® in severe liver intoxications. 

The galactose blood clearance controls agree with the curves ohtaind 
on normal dogs by Bodansky.® A marked diminution in galactose toleraiicc 
was observed after the injection of acacia. 


Table I 

Effect of Intravenous Injections of Acacia Upon Tolerance of Dogs 
TO Glucose and galactose 


DOG 

NO, 

ACACIA 

TOTAL 

GM,/KG. 

GLUCOSE TOLERANCE 

BLOOD SUGAR AT HALF HOURS 

MG. PER CENT OF GLUCOSE 

GALACTOSE TOLEPAXCE 
BLOOD SUG^tE AT HALF HOfS.S 
MG. PER CENT AS OLL'COSE 


0.0 

0.5 

1.0 

1 1.5 

2.0 

2.5 

3.0 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

i 3,? 

1 

0 

4.4 

100 

120 

1 147 
157 

107 

157 

i 140 

81 

98 



92 

98 

157 

200 

145 

236 

131 

212 

129 

162 



o 

0 

! 7.5 

SI 

69 

118 

165 

107 

179 

82 
! 138 

79 

79 



81 

90 

162 

131 

165 

189 

192 

231 

173 

175 



4 

0 

9.0 

50 

80 

150 

170 

122 

147 

' 80 
90 

78 

95 


j 

i 

87 

90 

135 

142 

122 

186 

96 

157 

85 

102 



5 

0 

10.7 

92 

96 

179 

217 

173 

212 

90 

165 

74 

96 



120 

102 

167 

192 

212 

226 

150 

212 

142 

167 



0 

0 

8.4 








79 

86 

167 

186 

186 

2261 

159 

182 j 

129 

138 





galactose tolerance 

BLOOD sugar at HALF HOURS 

MG. PER CENT OP GALACTOSE 




10 

0 

8.5 


SO* 

59 

112 

73 

100 

97 

68 1 
81 

45 


80 

90 

143 

142 

170 

155 

lob 

172 

13SI 

138 

125 


11 

0 

6.8 


71* 

101 

91 

101 

122 

164 

109 

151 

31 

66 

35 

91 

85 

154 

160 

167 

221 

200 

225 

183 

223 

107 

133 

iH. 

♦The total sugar values obtained in these 

tests 

are reported on 

the same line on we > 


side of the table. 


Tetraiodophenolplitlialein and Bilirubin Tests . — ^Dogs 
modification of the sodium tetraiodophenolphthalein liver function pr 
of Graham.® Ninety seconds after the injection into the jugular ^ 

mg. per kilogram body weight of tetraiodophenolphthalein (iso’O 

sample of lilood xvas withdravxui from the vein on the opposite si e 

la ted. Additional samples of blood were obtained fifteen, tlhihU ® 

each specimfl> 
c.c. of 


minutes later. One cubic centimeter of plasma from 


made alkaline with 2 drops of 10 per cent sodium hydroxide, jf^. 

alcohol were added, the contents of each tube were mixed, place 
box overnight, and centrifuged in the morning. The test of f j],g (]ye 
sample was used as a standard for the colorimetric determination 
in the subsequent specimens. 


in 


tie 


Observations on four dogs rev’’ealed no significant ° t gao 

^ --ijectioiis - 

reclnctioB' 


ability of the liver to excrete the dye before and after 
acacia ; in two other dogs there was apparently a slight 


enipkf^'^’ 

eii 


For the bilirubin test the method suggested by Soffei ^ 
One milligram of bilirubin per kilogram of body 
venously to two normal dogs and to two dogs xvhich had ha 
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almost specifically utilized by tlie liver. The Kalacto.se curves are more decisive, 
and the diminution of galacto-sc tolerance noted after tlie in,iection of acacia 
nndoulitedly indicates liver damoKe. The impairment of Klycogenic function 
after acacia injection is also Iiornc out by post-niortcin oliscrvations on liver 
glycogen made on three dogs. Tlie livci-s contained respectively 6.G, 7.7, and 
6.9 per cent of glycogen, an average of 7.1 per cent against tlie normal value of 
15 per cent to be expected in dogs fed, as these were, a bigli carbohydrate diet. 
Bollman and Mann’* have observed that dogs with SO per cent of the liver re- 
moved are still able to tahe care norinall.v of glucose and galactose. 

Tile figures wliieli Soffer’'’ gives in an c.xtcnsivc review (including his oivn 
work) show that an ahnormal retention of liilirubin is more closely correlated 
with the degree of liver damage than arc tlie bromsulphalein or the levulose 
tolerance tests of liver function. We found no significant alteration in the 
rate of removal of injected liilirubin before and after tlie injection of gum 
acacia, and onlj- a slight variation in two dogs in the excretion of tetraiodo- 
phenolphthalein. It seems logical to conclude, therefore, that this special func- 
tion of the liver is not affected by the injection of acacia. 

The experimental studios of Whipple and his co-workers”’'” point to the 
liver as the source of serum albumin and globulin. A number of studies by 
others”'*® are concerned with the effect of severe liver disease on the plasma 
proteins, particularly papers by Snell” and by Jlyers and Keefer.*® These 
bear out Snell's conclusion tliat in advanced clironio hepatic lesions there is “a 
moderate reduction in the total scrum proteins, the diminution occurring chiefly 
in the alhuniin fraction.” Dick, Warweg, and Andersch* have shown that re- 
peated injections of acacia in cliildron with nephrosis resulted in a reduction of 
blood serum protein, chiefly albumin. They also found that daily injections of 
acacia into dogs caused a sharp drop in the serum albumin and a less marked 
fall in the globulin, both values returning to normal when the injections were 
discontinued. Our oini observations are in accord ivith these results, as are the 
more recent studies of Heckel and his associates.*’ 

Poster and Whipple** have shown that fibrinogen is formed exclusively by 
the liver. Loiv values may be found in hepatic disease, though the picture may 
be complicated by the stimulating effects of infection on fibrinogen production. 
The effect on fibrinogen levels of various clinical and experimental conditions 
involving the liver has been reviewed by Starlinger and Winands*® and by Ham 
and Curtis.*® It may be said that complete extirpation of the liver in dogs*’ and 
m rabbits** results in a rapid fall in plasma fibrinogen, in some experiments 
amounting to 50 per cent in twenty-four hours; removal of as much as 70 per 
cent of hepatic tissue, on the other hand, has no effect on the fibrinogen level. 

Poster and 'Wliipple,** who found lowered blood fibrin values after the 
injection of acacia, ascribed the reduction to dilution of the blood. The possible 
influence of gum-saline solutions on blood coagulation is mentioned by Takata** 
and others. Dieclunann,*® who tried gum acacia injections in the treatment of 
mpsia, specifically warns that this form of therapy maj' cause a pronounced 
cop in blood fibrin. The decrease in hemoglobin, the increased Weeding time, 
an the low fibrinogen values noted in our experimental animals after the injec- 
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tiou of gum acacia are undoubtedly significant and would seem to indicate a 
rather severe degree of liver damage. Additional confirmation is found in the 
death of one dog from a postoperative hemorrhage after several injections of 
gum acacia. 


EFFECT OF COLLOIDS ON THE PRODUCTION OF IHMUNE BODIES 

Tlie injection of various colloids has been shown to result in a marked re- 
duction in the ability of the animal to produce immune bodies.^*^ These studies 
have led to an association of the reticiilo-cndotlielial system with antibody pro- 
duction. However, the hepatic cells of the liver have never been definitely ex- 
cluded from a role in antibodj’ formation. The plasma proteins which carry the 
antibodies of the blood have their origin in the liver, and the ability of the 
organism to produce these proteins is imi)aircd by the acacia which is deposited 
in the hepatic cells. Acacia itself is at mast only a very mild antigen.^^’ 

In order to determine the effect of acacia injections upon the ability of the 
dog to produce immune bodies, five animals, of approximately equal weight, 
were used. Three of them (Nos. 2, 5, and 6) had had intravenous gum injections 
and had been tested by various liver function tests (Tables I, III, and IV). The 
other two (Nos. 3 and 7) were used as controls. 

Two antigens were used. Tiie first was a 5 per cent suspension of pooled 
washed human erythrocytes. The second was a vaccine of Vibrio cholera made 
from whole and ground organisms which had been killed by phenyl mercuric 
nitrate, 0.12 per cent; the cholera was strain No. 23 of the American 
Culture Collection. Five cubic centimeters of tlic suspension of human red 
blood cells were injected intravenously every three days until five injections 
had been given; 0,1 c.e. of tlie cholera vaccine was injected intravenously with 
the erythrocj'te suspension for three days, and 0.2 c.e. for the last two days, 
l^ight da 3 "s after the final injection of the antigens the animals were hied and 
the titer of agglutinins, prccipitins, and bacteriolj’sins or hemolysins was de- 
termined. Samples of blood drawn before immunization were also checked for 
the presence of antibodies. 

The presence of cjdotysins for Vibrio cholera could not be demonstrated in 
either the normal or the immune sera. Hcmolj'sin titrations ivere not very satis- 
factory, and the titers produced were low. Differences between the titers of anti- 
body produced bj' normal dogs and those receiving acacia were not significant, 
and the data all indicate that gum acacia has no effect upon the production of 
immune bodies (Table V). This lack of effect is in marked contrast to the re- 
duction of antibodj’ formation likelj’’ to result when colloids which definitely 
block the reticulo-endothelial system are injected. 

SU1I5IARY AND CONCLUSIONS 

1- Repeated intravenous injections of gum acacia solution in dogs resulted 
m evident damage for carbohj’drate and serum protein metabolism functions of 
^ Iher, as ei.’ideneed by changes in the glucose and galactose blood sugar tol- 
erance curves and determination of the plasma proteins. 

— The blood clearance of injected tetraiodophenolplithalein and bilirubin 

not significantly affected. 



BLOOD SERUM MAGNESIUM IN BRONCHIAL ASTHMA AND ITS 
TREATMENT BY THE ADMINISTRATION OF 
MAGNESIUM SULFATE® 


Victor G. Hauby, M.D., Philadelphia, Pa. 


A l ^UjMBBR of investigators have recently shown that magnesiiiin salts iriD 
protect animals against anaphylactic shock. Delbet and Palios^ have foiiw! 
that a sensitized guinea jiig may be protected against the provocative injection 
of the specific antigen by parenteral injections of magnesium salts. Liimihe 
and MonchaP havm also found that sensitized rabbits may be protected by one 
or more daily injections of 0.1 Gm. per kg. of magnesium thiosulfate. ThO' 
observed that such injections of the thiosulfate produced a 50 to 100 per cent 
increase in blood cholesterol and concluded that the antishoek action of this 
salt was due entirely to the eholesterolemia it produced. have observed, 
however, that if the serum magnesium of sensitized guinea pigs is increased 
to about 8 mg. per 100 e.c. immediately before the provocative injection of Ihf 
antigen is made, anaphylactic shock may be prevented. This would seem F 
indicate that hypermagnesemia rather than a eholesterolemia is the proteetbf 
agent. If hypermagnesemia will prevent anaphylactic shock, we may hypothe- 
size that hypomagnesemia may make one more sensitive to, or eveiiincik®® 
anaphylactic reaction. 

The similarity between the bronchial spasms in anaphylactic shock aad 
bronchial asthma is now generally conceded. The possibility that a hyP*- 
magnesemia may be an etiologie factor in bronchial asthma naturally 
itself. The findings of Rosella and Pla^ that intravenous injection of 
nesium sulfate relieved a case of asthma which was unaffected by the comnio 
remedial agents, adds an additional premise to this theory, 

^ The present investigation was undertaken to determine, if possibki^^ 
patients suffering from bronchial asthma have a concomitant hypomagnese 


METHOD 

Sixty-six asthmatic patients were chosen at random as admitted t 
Allergy Clinic and the Medical Wards of the Jefferson College Hosphaht 
About 10 e.c. of blood were collected from each patient from the i 
basilic vein. Serum magnesium determinations were made by the 
method described elsewhere.® In the hospitalized patients a series of de 
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nations were made at daily intervals. The scrum magnesium values of 40 
normal medical students ivere prei-iously ascertained. As the ingestion of 
food has very little influence on the concentration of serum magnesium, no 
effort was made to obtain blood at any specified period in relation to meals. 
All determinations were made in duplicate. 

RESULTS 

Normal Persons . — Forty determinations were made, using blood obtained 
from students in the medical school. The values obtained I’ariod between 1.74 
and 3.10 mg. per 100 e.c. serum, with a mean value of 2.33 mg. These figures 
are in accordance with those found by Bccher,'' Bomskov,' IVacker and Fahrig,® 
IValker and Walker,” and Ilirschfelder and myself.'” 

Serum magnesium values below 1.7 mg. per 100 e.c. scrum arc, therefore, 
considered as being definitely below normal. Values above 3.1 mg are con- 
sidered as being liigh. 

Asthmatic Subjects . — TIic serum magnesium of the 66 individuals suffering 
from bronchial asthma varied between 1.1 and 3.15 mg. per 100 e.c., with a 
mean value of 2.13 mg. Of the entire group of 60 individuals 16 (24.2 per 
cent) had a low serum magnesium, varying from 1.1 to 1.7 mg. per 100 e.c., 
with a mean value of 1.52 mg. Twenty-six of the patients examined were 
suffering an acute attack of asthma at the time the blood samples were taken. 
In these tlie serum magnesium values varied between 1.1 and 3.1 mg per 
100 0 . 0 ., with a mean value of 1.82. The remaining 40 individuals were free 
of asthma at the time the blood ivas analyzed. In these the mean magnesium 
value was 2.32 mg. per 100 e.c. serum (sec Table I). 

Upon further analysis of the data, one finds that of the 26 patients having 
acute asthmatic spasms, 13 (50 per cent) had a concomitant hypomagnesemia. 
In this latter group the serum magnesium varied betw'een 1.10 and 1.70 mg., 
with a mean of 1.50 mg. per 100 e.c. The serum magnesium of the 13 remaining 
cases was entirely within normal range. 

The Effect of Injections of Magnesium Sulfate . — Two patients suffering 
rom severe asthma were treated with intravenous and intramuscular injections 
of magne.sium sulfate. The results obtained were essentially the same as those 
reported by Rosella and Pliu' 

Two white male patients, aged 39 and 56 years, respectively, hospitalized 
at the Jefferson Jledieal College Ho.spital, were suffering with acute bronchial 
asthma. Both patients had a low serum magnesium, averaging 1.53 and 1.60 
'ug. per 100 C.C., respectively, over a four-day period. Epinephrine adminis- 
b ation was required every four to six hours, but on several occasions this drug 
uas ineffective. This form of treatment was discontinued, and at the height 
0 the asthmatic paroxysms 20 e.c. of 10 per cent magnesium sulfate were 
injected slowly intravenously and 4 e.c. of the 50 per cent solution were given 
cep intramuscularly. Both patients were relieved immediately and remained 
fee of asthma for eighteen and twenty-eight hours, respectively. Following 
e reappearance of the bronchial spasms, epinephrine therapy ivas again in- 

uted, requiring as before, an injection every four to six hours. 
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DISCUSSION 

The majority of patients examined did not iiave any attacks of asthma 
for a period of from one day to more than three months previous to tiie time 
the blood was examined. It is to be expected, therefore, that normal values 
should he found in these case.s. It .seems signifleant, however, that one-half of 
the case.s examined diu'ing acute attaeks of asthma should be found to have a 
definite hy4inma gnesemia-. It appears even more significant that of the 16 
individuals having a low serum magnesium, 13 should be suffering from an 
acute attack of asthma. The degree of hypomagnesemia, however, was not in 
proportion to tlic severity of the attaeks. Patients S. K. and C. P. with rela- 
tively mild asthma were found to have magnesium values of 1.20 and 1.35 mg. 
per 100 c.e. serum, respectively. Patients E. S. and J. Q., on the other hand, 
suffered severe and persistent attacks, although the magnesium content of 
their blood was 1,53 and 1.60, respectively. Three individuals with a hypo- 
magnesemia did not have any attacks for 2, G, and 21 days, respectively. 

That 50 per cent of the patients having acute attacks of asthma should 
have a low serum magnesium indicates that a hypomagnesemia and bronchial 
asthma may have some relationship. It appears quite plausible, at least in 
some cases, that a deficiency of this ion may upset tlic ncuromnscular meclia- 
nism to such an extent as to make certain individuals more susceptible to 
bronchial spasms. It lias been conclusively .shown by Kruse and hi.s collabora- 
tors”’ ” and others”"'” that such an ionic deficiency manifests itself chiefly by 
muscular spasms and convulsions. We must remain cognizant, however, of 
the possibility that the hypomagnesemia may be tbe result of the bronchial 
asthma. 

Of equal importaueo is the fact that 50 per oent of tlie patients examined 
during attacks of asthma had normal serum magnesium. Tliis means that a 
hypomagnesemia is by no moans an esseiiti.al etiologic factor. At present wo 
may conclude tliat a di.sturbanee in magnesium metabolism may he a con- 
tributing factor in a certain percentage of patients suffering from bronchial 
asthma. Further investigations in tliis direction should prove most interesting. 

SUMMARY 

!■ The scrum magnesium of 40 normal medical students varied between 
1.74 and 3.10 mg. per 100 c.o., witli a mean value of 2.33 mg. 

2. The blood sera of 66 patients suffering witli bronchial asthma were 
Jinalyzcd for their magnesium content with an analysis of the results. 

3. The treatment of two patients with parenteral injections of magnesium 
sulfate is reported. 
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SODIUai AND POTASSIUM STUDIES IN PERSONS WITH AND 
WITHOUT ABTERIAD HYPERTENSION*' 


Dudley W. Bennett, M.D., San Francisco, Calif. 


T he relation of sodium and potassium to arterial blood pressure has no 
studied extensively. It is, of course, Avell known that in adrena 
insufficiency (AddisoiUs disease) hypotension and a low serum sodium 
serum potassium occur ; and conversely, in the hyperadrenal-cortical ® 
opposite is observed, namely, hypertension and a high serum sodium 
serum potassium.^' ® There is, however, no evidence to show that 
sodium and potassium levels are directly related to the altered state ^ 
pressure. Furthermore, McCanee® has pointed out that the hndihoS 
serum sodium associated with a high blood pressure are quite common 
stitial nephritis. , 

The following study has been carried out to determine, it P of ^ 

the subject with artei’ial hj^iertensive disease might reveal some 
disturbance in, sodium and potassium metabolism when these tvo e 
drastically restricted in the diet. 


A group of, fii'e male subjects was placed on a diet 
potassium content. Three of the subjects studied (J. D. B., ‘ plevatk®®^' 

W., aged 58 years; and W. L. S., aged 28 years) had 
systolic and diastolic blood pressiii'es of from one to twelve years 




*From the Department of Jledicfne, University of California Medical Sch 
Beceired for publication, November 2, 1939. 
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or ivithoiit evidence of renal disease but without evidence of abnormal retention 
of fluid. None of tlie subjects gave evidence of nitrogen retention in the blood. 

The two persons in tlie control group (W. V. B., aged 21 years and J. A. N., 
aged 24 years) liad normal blood pmssure readings and no evidence of fluid re- 
tention. '\V. Y. B. liad an anxiety neurosis, and had liad before the study was 
undertalten a systolic blood pressure reading as high as 150. His diastolic blood 
pressure was at all times within normal limits. Immediately before and during 
the study his systolic blood pressure was within normal limits. 

All patients were confined to the hospital for observation for periods of 
from two to fifteen days before the study was begun. During the study their 
physical activities were restricted to such exercise as walking about the ward. 
At no time was abnormal sweating present. The environmental temperature was 
fairly constant, maintained at approximately 22° C. During a preliminary 
period of twenty-four hours, the fluid intake, urinary output, blood pressure, and 
body weight were determined. At the end of this period venous blood was ob- 
tained after the patient had been fasting for fourteen hours, for determination 
of the serum sodium, potassium, and protein; the plasma nonprotein nitrogen; 
and the blood sugar, chlorides, and carbon dioxide (sec Table II and Chart 1). 

The subjects were then given a special diet, which had been prepared under 
the supervision of Jliss A. Huesman, of the Dietetic Department of the Uni- 
versity of California Hospital. 

SPECIAL MIXTURE* 

bally portion: 

125 Gm. of dr;’ uncooked white rice 

125 Gin. of washed cottage cheese 

10 Gm. of pure glucose 

Method of preparation: 

Wash rice thoroughly; drain. Mix rice with It^ quarts of distilled water. Place in 
heavy kettle over direct heat. Boil for twenty minutea; drain in sieve. Mix rice that has 
been drained with 1 quart of distilled water and lioil for ten minutes. Drain. Repeat last 
process and drain. 

Pur^e commercially prepared cottage cheese thiough very fine strainer. Place in 
cheesecloth bag. Wash in 2 quarts tap water, kneading thoroughly; drain. Repeat process 
eight times. Repeat ninth time using distilled water. Drain overnight. Weigh 125 Gm. 
of washed cottage cheese. 

Mix together cooked rice, washed cottage cheese, and glucose that has been dissolved 
in cup distilled water. To this mixture add distilled water until the total weight of 
mixture equals 810 Gm. 

Food value; 

Protein 25 Gm. 

Fat 2 Gm. 

Carbohydrate 113 Gm. 

Total number of calories 610 

A sample o£ eacli liatch oi' food so prepared was .analyzed for the sodium 

potassium content (see Chart 1). 

The fluid intake, exclusive of the diet described above, was limited to 1,000 
ti-e. of distilled water in twenty-four hours. It was found that this ainounl of 

the test amount of food for cacli subject ivas made .at one time for the duration of 
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fluid satisfied tiie thii’st requirement while taking the diet. OeeasionaJJy a paficnf 
would take even less than the amount permitted (see Table I). 

All the determinations of sodium and potassium were made, using the 
method described by Butler and TuthilB for the sodium, and that described by 
Shohl and Bennett" for the potassium with the modifications sugge.sted by 
Strauss.® The urine sodium determinations were made as described b.v Butler 
and TuthilB without modifications in technique. The other specimens tor sodhm 
and potassium determinations were fii-st dried on a hot plate and then asbed 
in a muffle furnace at 600° C. for approximately eight hours. In collecting all 
the specimens, care was exerted to maintain a uniform procedure. No endcnce 
of hemolysis Avas observed in any serum specimens. 


Table I 

Effect of Loav Sodium and PoTASSiUii Intake on Blood Pressure, Bodv U eight, Pure 


Balance, and Urine 




NORMAL 

FASTING 

24 HOURS 
LOAV Na 

AND K 
REOI.ME 
FASTING 

48 HOURS 
LOW Na 

AND K 

REGIAIE 

FA.STING 

72 HOURS 
LOW Na 

AND K 
REGIJIE 

fasting 

96 HOURS 
LOW Na 
AND X 

regime -i- 

0 OM. KCl 
fasting 

Blood pres- 
sure in mm. 
Hg 

J. L. B. 
AA^ Y. B. 
J. P. AV. 
^A^ L. S.* 
J. A. N. 

200/95 

140/80 

225/135 

125/95 

130/75 

180/80 

120/75 

215/125 

145/95 

125/70 

180/80 

130/70 

200/120 

135/90 

120/70 

180/85 

125/70 

195/120 

145/100 

130/70 

190/115 

120/85 

120/05 

Urine output 

C.C. 

Fluid intake 
c.c. 

(E.vclusire of 
diet) 

J. L. B. 

\y. Y. B. 
J, F. W. 
IV. L. S. 
J. A. N. 

1,355/1,000 

1,848/2,150 

1,800/1,490 

800/1,100 

4,845/5,550 

501/400 

1,308/1,000 

1,475/1,000 

1,165/900 

1,840/1,000 

309/400 ' 

720/850 

1,447/1,000 

1,205/800 

545/1,000 

264/700 

1,297/1,000 

1,055/900 

850/800 

705/1,000 

587/650 

950/1,000 

530/1,000 

Body weight 
in kg. 

J. L. B. 
ly. Y. B. 
J. F. AV. 
AV, L. S. 
J. A. N. 

07 

GO.l 

58.4 

00.2 

09 

67 

>4.7 

58.2 

59.4 

07 

66.8 

64.1 

57.4 

59 

66.3 

66.2 

63.1 

56.4 

58.4 

00 

56.4 

57.4 

65.3 

Urine pH 
Urine specific 
gravity 

J. L. B. 
AV. Y. B. 
J. F. AA'. 
lA'. L. S. 

J. A. N. 

-/1.014 

-/l.OlO 

5.25/1.012 

0.5/1.023 

6.75/l.OOS 

-/I. 029 
-/1. 014 
5.25/1.012 
5,25/1.014 
7.0/1.013 

-/1. 028 

5.5/1.020 

5.2/1.011 

6.2/1.011 

5.25/1.028 

-■/1.022 

5.5/1.013 

5.25/1.014 

5.25/1.014 

5.25/1.023 

5.5/1.01(i 

5.25/1.014 

y57/l^ 


120 novri 
LOV.' .Vi! 
K 

regime a 
G CM. rrl 
F.ISTIXC 


190/115 

125/90 

125/70 


710/700 

il,2fiT/l,W0 

,|j90/1.00« 


'50 

05.3 


3.9/1.01- 

S.'S/l.^-h 


Iicfors I 


‘Blood pressure readings of AV. L. S. were found to be as high as 
before the studs'. He was confined to the hospital for fifteen days for o 
study was begun. 

All other chemical determinations on the blood serum and plasma '' 
by ilirs. T. Leake of the Central Laboratory of the UniA'crsity o 
Hospital. 

In each instance, the low sodium and potassium intaKC fu 

for three days. During this time daily specimens of blood avcic 
determination of the sodium and pota.ssium content of the scuim a ^ 
ditidnal had been fasting for fourteen hours. All urine cxciete aa j 


in tAventy-four-hour lots and Avas measured for amount, 


.specific gravity 




pH (Table I). The twenty-four-hour output of sodium and i . ^vdgb' 


The blood pre.ssure and ^ 


in the urine AA'as determined (Chart 2). 

Avere likewise determined daily when the subject had been fa.stm£ 


(Table D- 
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the end of the three-day period all the chemical determinations of tlie hlood 
serum and plasma were repeated (Tabic II). 

Three persons (J. F. "W., W. L. S., and J. A. N.) were continued on the same 
diet and fluid intake but with the additional administration of 6 Gm. of potas- 
sium chloride in enteric coated tablets for two days loufjer. 

Two other patients were studied in the same manner. Tlic first was in the 
normal group and the second had a liistory of arterial hypertension of at least 
ten years’ duration but iiad normal blood prc.ssiire readings during tlic study. 
The results oljtained in these persons arc not reported in this paper because of 
incomplete data. Such data as were obtained, liowever, in both persons were 
similar to tliose obtained in otiier normal persons. 



sfum m^ite ^ scrum level of sodium and potassium, normal and low sodium and potas- 

21 HOUR IKTAKR 
CM. Na CM. K 

W.LfcS. Essential hypertension (early) -•O.QltS 0 OOSU 

W.y.B Control ►0.0601 0.0210 

J.P.tV. Essential hypertension (late) ►Trace O.Ol.^l 

J.L.B. Essential hypertension (late) ►Trace 0 1831 

J.A.N. Control “►€ 1220 0.04618 

It was fully appreciated that the methods utilized in tliis study to restrict 
intake of sodium and potassium tvere inadequate as far as normal diet re- 
quirements are concerned, and that the duration of the experiment was of a 
comparatively short period of time. However, it was felt that the reaction of the 
mdivi^iial deprivation might be tested in a more satisfactory manner by 

rastie restriction of both sodium and potassium for a shorter time than by 
permitting the person to have a less restricted intake of these two elements over 
_ onger period of time. To prolong the drastic limitation of sodium and potas- 
sium intake would lead to a state of marked salt deficiency. It was felt that 
sue I a salt-deficient state would introduce faults in metabolism sufficient to 
render the interpretation of data obtained more difficult. 

du “'^‘utioiicd above, no noticeable perspiration was present in any person 
ruig the experiment. No attempt, therefore, was made to measure or tp 
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analyze the fluid Inst in the perspiration or to provoke exeessive loss of fluid by 
artificial means, as has been reported by jreCanee.' 

Tables I and II give data other than the sodium and [lotassium determina- 
tions. Charts 1 and 2 show in graphic form the fasting daily sodium and 
potassium hlood serum levels and the daily cxeretioii of sodium and potassium 
in the urine; they also give notation of the sodium and potassium intake in 
twenty-four houi-s. 



Oliart Excretion of sodium and potassium in the urine, normal and low sodium and potassium 
^ intake. 

DISCUSSION 

Although the serum sodium level fluctuated in each individual when the 
potassium were restricted drastically, this change was of a minor 
"Me in all five curves. Wlien the two curves for the normal controls are com- 
heh ''^***^ for the patients with hypertension, no definite difference is seen 
'een the levels of blood serum sodium in normal persons and the levels in 
ersons with arterial hypertension. 
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The levels of serum pofassium, however, fell following deprivation of sodium 
and potassium. It should be noted that in patients with definite arterial h\-per- 
tension (J. L. B.. J. F. W., and W. L. S.) a gi-eater drop occurred than in tvo 
normal persons (W. Y. B. and J. A. N.). One normal individual (J. A. N.lat 
first had a moderate drop in the potassium level followed hy a rise to above his 
normal level when sodium and potassium were restricted. 

Chart 2 shows that tlie urinary output of both sodium and potassium de- 
creased when tliese elements were restricted in the diet. 

Two of tlie three patients (J. F. W. and W. L. S., both having arterial 
hypertensioir ) on whom tire experiment was continued for an additional tvu 
days with the addition of 6 Gm. of potassium chloride daily, failed to regain 
during this period their normal fasting levels of blood serum potassium. The 
change in the blood serum sodium in this group was of a minor degree. The 
addition of potassium chloride caused a definite increase in the excretion o 
potassium in the urine, with very little change in the amount of sodiiun excret 

It was considered that the fall in blood pressure was probabb duetosev^^^ 
factors, namely, restriction of food and fluid intake as well as rest. 
such as fluid balance, body weight, and urinaiy pH shown in Table I, an 
protein, plasma chloride, sugar, and carbon dioxide combining power m 
II, showed only moderate variations and were considered to be o no 
significance. It will be recalled that AIcCance' demonstrated 
changes in such blood constituents as serum proteins, urea, 
in his patients in whom he produced a sodium chloride deficiency * 
persons reported in this paper complained of the symptoms lep 
SleCance. such as aberrations of flavor, cramps, wealniess, and 
quite safe to conclude from our data in Tables I and II that oui pn i 


not in a salt-deficiency state. j 

A rise was noted in the nonprotein nitrogen level of the blood ph 


persons following sodium and potassium restriction. 

It is weU laiown that potassium is held largely in the piai 

and sodium is held in the extracellular fluid. It was found in sodio® 

the potassinm level of the blood serum falls when the intake o 
and potassium is restricted. The significance of the greatei eci 
serum level of potassium in the patients with arterial hypertension i 


understood at the present time. 


.SETiniARY AND CONCLUSIONS ^ .'unl k 

In five male patients studied drastic restriction of sodium 
the diet for a period of from three to five days produced no level 

in the blood serum level of sodium, but caused a drop in the in 

of potassium. This drop in the potassium level was of a giea ei 
the three persons who had definite arterial h.vpertensive disease 
who had normal blood pressure. restrie- 

The urinaiy excretion of both sodium and potassinm decieas 
tion of these two elements in the diet. 
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Note: Since tlie completion of the studj’ here pre'scnted, my attention lias been called 
to a paper by O. L. U. S. DeWesselow anil W. A. R. Thomson entitled, “A Study of Some 
Serum Electrolytes in Hypertension,'* in the Quart. J. Med. 8: 301, 1039. These authors 
pointed out that in tlieir experiments the serum of patients suffennj; from essential and 
malignant li}'pertension tended to show a lower level of potas.sium than that of patients 
with a normal blood pressure on the same diet. 


1. McQuarrie, Irvine, Johnson, R. hr., and Ziegler, hi. R.: Plasma Electrolyte Disturbance 

in Patient With ll^-pcrcorticoadrenal Syndrome Contrasted With That Found in 
Addison’s Disease, Endocrinology 21: 7(12, 1037. 

2. Anderson, Evelyn, Haymaker, Webb, .and Joseph, hlichael: Honnone and Electrolyte 

Studies of Patients With Hypcradrenocortical Syndrome (Cushing's Syndrome), 
Endocrinology 23: 308, 193S. * 

3. hIcCance, R. A.: hlcdical Problems in IMineral hretabolisin (The Goulstonian Lectures, 

1936), Lancet 1: 230, 704, 1936. 

4. Butler, A. M., and Tuthill, Elizabeth: An Application of the Uranyl Zinc Acetate 

hlethod for Determination of Sodium in Biological hlaterial, J. Biol. Chem. 93: 
171, 1931. 

5. Shohl, Alfred T., and Bennett, Helen B.: A llicroMethod for the Determination of 

Potassium as lodoplatinate, J. Biol. Chein- 78: 643, 192S. 

6. Strauss, Margaret B.: The Use of Thorium Nitrate in the Rapid Ashing of Scrum and 

Urine. 1. Adapted for Subsequent Potassium Determinations, J. Biol. Chem. 118: 
331, 1937. 

7. McCance, R. A.: Experimental Sodium Chloride Deficicnev in Man, Proc. Rov. Soc., 

London, a, B. 119: 243, 1933. 


THE EFFECT OF IRON ON PHOSPHORUS, CALCIUJl, AND NITROGEN 
METABOLISM* 


Adelaide P. Baker, Ph.O., and "Wilus M. Fowler, jM 1). 
Iowa City, Iowa 


administration of certain metals to experimental animals produces a low 
blood pliospliorns and rickets. Both iron and aluminum,’ when given in 
excess of tlie total phosphorus, were shown to precipitate the alimentary phos- 
phorus as insoluble phospliatcs which were not absorbed and consequently caused 
a lowering of the blood pliospliorus in guinea pigs. "When ferric cliloride- was 
added to a nonracliitogcnic diet, it rendered this same diet rachitogenie for rats 
and a low serum phospliorus resulted. It was found that iron and ammonium 
citrates exerted tlie same effect and reduced iron acted similarly. The raehi- 
logenie effect could be prevented by adding excess pliospliorus to the diet. Deo- 
la d and Elvehjem'’ pointed out that the addition of a soluble iron salt to the diet 
in chicks produced severe rickets within five da^-s and that the lowering of the 
nod phosphorus to this degree might affect other biologic processes as well as 
^ono nutrition. Tiie clinical implications from these animal experiments are 
n Moils, and the possible harm resulting from the administration of large doses 
n iron during the period of growth and development of a child has been sug- 
Bi’ock and Diamond- state that large doses of iron continued over a 
Iowa Department of Intel nal Medicine, State University of Iowa, College of Medicine, 

Received for publication. December 28, 1939. 
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long period of time in childhood might have an effect similar to that observed in 
experimental animals, jierhaps not by the actual production of rickets, but by 
evidences of malnutrition of the bones. Elvehjom^ also warns of the danger 
of administering large amounts of iron and advises that the dose be kept at a 
minimum. With these points in mind balance studies were carried out on 19 
adults to ascertain the effect of iron administration on phosphorus, calcium, and 
nitrogen retention. 

METHOD 

The method of study was the same as that described in the first of a series 
of reports on iron balances.® Sixteen patients with varying degrees of hypo- 
chromic anemia, cither idiopathic in origin or sccondaiy to hemorrhage, and 
3 control patients without anemia were selected for the study. The control 
period was preceded by a three-day adjustment period on the balance diet be- 
fore observations were begun. Each balance period was of six days’ dura- 
tion, and the results are reported as the average value per day. During the 
control period the iron intake was obtained from the diet alone. In subse- 
quent periods iron and ammonium citrates were given in varying amounts. 
Nitrogen was determined by the Kjeldahl method, phosphorus hy the method 
of Piske and Subbarow,® and iron by the method of Peis and Chalonakjian.^ 
Calcium determinations followed the mctliod of JlcCrudden.® 

The diets contained 1 Gm, of protein per kilogram of body weight, and 
the dietary iron intake varied from 9 to 12 mg. a day. The phosphorus and 
calcium intake, derived exclusively from the food, was approximately 1.5 
and 1.3 Gm. a day, respectively. 


RESULTS 

A summary of the iron, phosphorus, calcium, and nitrogen balances for 
each patient is given by periods in Table I. The age of the patients, who 
were all females, varied from 21 to 53 years. An examination of the aver- 
age daily balances during tlic control periods shows no correlation between 
the storage of the substances and the age of the patient. All patients except 
the controls (Cases 16, 17, and 18) had hji)ochromic anemia of varying de- 
gree. As has been pointed out previously, there is no correlation between 
the degree of anemia and the iron retention® either during the control period 
or with the administration of medicinal iron, and in this study the degree of 
anemia had no effect on the phosphorus, calcium, or nitrogen balances. 

In Table II is given a summary of the balance studies showing the in- 
take and balance for each of the four substances during both the control 
period and the period of iron administration. The results during the ad- 
ministration of iron arc expressed as the average daily intake and balance 
for the period of observation, which varied from six to forty-eight days, 
rather than being given by periods. It will be seen that during the period 
of iron administration all patients retained this metal, the amount retained 
varying with the intake. Cases 1 to 4 received small amounts of iron intra- 
mu.scnlarly, 1.5 grains of iron and ammonium citrates a day. Cases 5 to 11 
iceeived from 15 to 36 grains of iron and ammonium citrates orally a day, 
2nd Cases 12 to 19 received 45 grains of the same preparation by mouth. 
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Table JI 


CASE 

IRON 

SUMMARY 

PHOSPHORUS 

summary 

CALCIUM 

SUMMARY 

NITROGEN 

SUMMARY 

! 

DAYS ' 

IIEBICINAI 

BON 

(gbaks 

PEP. DAT) 

INGES- 

TION 

BAL- 

ANCE 

INGES- 

TION 

BAL- ' 
ANCE 1 

INGES- 

TION 

BAL- 

ANCE 

INGES- 

TION 

BAL- 

ANCE 

1 

11.89 

+ 

0.11 

1.44 

+0.24 

1.25 

-0.06 

9.78 

+0.43 

6 

0 ■ 


23.53 

+ 

12.68 

1.45 

+0.27 

1.25 

-0.18 

9.79 

+0.99 

12 

1.5- 

2 

11.89 


5.05 

1.44 

-0.13 

1.25 

-0.50 

9.78 

-0.21 

6 

0 


23.58 

+ 

13.99 

1.50 

+0.33 

1.20 

+0.04 

10.41 

+1.76 

12 

1.0 

3 

11.73 

_ 

2.66 

1.44 

±0.00 

1.20 

-0.72 

9.78 

+0.38 

12 

0 


24.59 

+ 

8.87 

1.45 

+0.23 

1.26 

-0.20 

9.84 

+0.55 

12 

1,5 

4 

11.86 


2.14 

1.45 

+0.21 

1.26 

-0.05 

9.79 

+0.90 

6 

0 


24.51 

+ 

12.66 

1.45 

+0.10 

1.26 

-0.57 

9.82 

+1.30 

24 

1.5 

5 

10.17 

_ 

4.28 

1.42 

+0.03 

1.27 

-0.08 

9.96 

-0.24 

6 

0 


170.58 

+ 

46.72 

1.42 

+0.10 

1.27 

+0.45 

9.97 

-0.85 

23 

15 

6 

11.89 

_ 

6.65 

1.44 

+0.27 

1.25 

-0.28 

9.78 

-1.34 

6 

0 


180.46 

+ 

55.13 

1.43 

-0.28 

1.25 

+0.09 ' 

9.85 

-0.87 

6 

15 

7 

12.69 


9.52 

1.50 

+0.17 

1.28 

+0.20 

10.37 

+4.70 

6 

0 


182.04 

+ 

82.22! 

1.55 

+0.08 

1.31 

+0.07 

11.04 

+5.31 

18 

15 

s 

13.03 


12.70' 

1.53 

+0.25 

1.29 

-0.08 

10.77 

-0.05 

6 

0 


182.74 

+ 

43.22 

1.62 

+0.25 

1.32 

-0.17 

11.85 

+2.04 

0 


9 

12.96 

- 

12.97 

1.55 

+0.22 

1.31 

+0.06 

10.73 

-0.81 

6 

0 


183.25 

4* 

42.65 

1.72 

-0.16 

1.52 

-0.12 

12.49 

+5.49 

12 


10 

11.89 

+ 

3.01 

1.44 

+0.25 

1.37 

+0.24 

9.78 

+1.11 

6 

0 


267.31 

+ 

35.30 

1.48 

+0.12 

1.37 

+0.12 

10.93 

+0.80 

42 


11 

11.49 

+ 

2.27 

1.44 

+0.35 

1.34 

+0.78 

9.84 

+2.51 

6 

0 


268.17 

+ 

68.48 

1.49 

+0.23 

1.49 

+0.48 

11.01 

+1.05 

24 


12 

11.89 


1.37 

1.44 

+0.30 

1.34 

+0.68 

9.78 

+0.32 

6 

0 

40 


426.62 

+299.52 

1.44 

+0.18 

1.52 

-0.10 

10.93 

+1.8S 

12 

13 

11.86 

- 

2.14 

1.45 

+0.21 

1.26 

-0.05 

9.79 

+0.90 

6 

0 

45 


517.70 

+182.29 

1.45 

-0.02 

1.26 

-0.52 

10.11 

+1.20 

12 

14 

11.89 

- 

9.78 

1.44 

-0.18 

1.25 

+0.46 

9.78 

-2.09 

6 

0 

45 


517.70 

+182.11 

1.44 

-0.02 

1.25 

+0.26 

10.08 

-0.35 

4S 

15 

11.73 


2.66 

1.44 

±0.00 

1.26 

-0.72 

9.78 

+0.38 

12 

0 


517.70 

+243.82 

1.44 

+0.11 

1.20 

-0.57 

10.14 

-0.20 

12 


IG 

11.81 

+ 

3.45 

1.45 

+0.24 

1.25 

+0.11 

9.87 

+1.06 

6 

0 

45 


517.47 

+248.88 

1.43 

+0.23 

1.24 

+0.11 

9.73 

+0.01 

18 


17 

11.78 

■f 

2.64 

1.45 

+0.33 

1.27 

+0.61 

9.81 

+0.71 

c 

45 


517.83 

+305.71 

1.46 

+0.11 

1.27 

+0.21 

10.16 

+0.89 


n 

18 

11.78 


1.63 

1.45 

+0.13 

1.27 

+0.05 

9.81 

+0.12 

0 

40 


517.87 

+224.08 

1.46 

+0.13 

1.27 

+0.18 

10.17 

-0.40 



19 

4.15 

518.12 

- 2.90 
+354.44 

0.80 

1.04 

-0.07 

1 -0.31 

0.71 

0.73 

+0.02 

-0.11 

5.84 

9.54 

-0.69 

-0.85 

12 

12 



Iron expressed as milligrams. 

Phosphorus, calcium and nitrogen expressed as grams. 

Iron medication was iron and ammonium citrates. 

The effects of iron administration on the retention of 
einm, and nitrogen are best seen in Table III in which the 


phosphorus, cal- 
three substances 


are considered separately. jjgjjt by 

Table III shows the change in the phosphorus balance in eac gx. 

periods. In Column 1 is the state of balance during the contro P 
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pressed js positive, negative, or in equilibrium. Tlie other columns shov 
e uiciease or decrease m phosphorus storage as compared to the control 
pel JO a + sign indicating that more was retained than during the control 
period and a - sign indicating that less was retained even though the patient 
might still have been in an actual positive balance. It is seen that in theiiut 
period of iron administration S patients retained less phosphorus than in the 
control period and 11 retained more. In the second period 10 of the 37 pa- 
tients retained less than during the control period and 7 retained more. 


In tlie hist 4 patients, who received small doses of iron intraranscnlarly, 
tieie are ten observation periods during* iron administration and in fonr of 
these, all in one patient, there was a decrease in piiosphonis retention. In 
the othei six period.s there was an increase of phosphoru.s retention over the 
contiol peiiod. It will be noted in Case 4 that less phosphorus was retained 
in each of the four periods on iron thcrapj' than during the control period, 
but the patient wa.s still in a positive balance for each period (Table 1) as 
well as in a positive balance for the entire observation period of twenty-four 
days (Table II). If the explanation for the diminished phosphorus retention 
in experimental animals is correct (a precipitation of insoluble phosphates 
in the alimentar.v tract), there would be no reason to expect that intramns- 
eularly administered iron would affect the piiosphonis balance and there is 
no evidence of such an effect in these cases. 


In tile second group of 7 paticnls (Cases 5 to 11) the iron was admin- 
istered by mouth in moderate amounts, from 15 to 36 grains of iron and 
ammonium citrates a day. Tiiere are twenty-two balance periods during hoa 
administration in tliis group, and in sixteen of these there was a decrease i« 
phosphotus retention. In only six periods was more phosphorus retained 
t lan dining the control period. This might seem to indicate that decrea.sed 
phosphoius absoi'ptioii and retention oeciirred, but when the results of 
tind ,,ioup of patients who received larger amounts of iron are consideiei 
the significance of the preceding group is lost. In the third group 
to 1 ) 45 giains of iron and ammoniinn citrates were administered daih .' 
mouth. In tfig twent.v-seven periods of observation during iron admiuis''’®’ 
ion, there were tivelve in which there wa.s a decreased retention of pi'^^ 
phorns and fifteen in which the retention was increased. Since this larger dose of 
I*.™, decrease pliospliorns retention, it seems doubtful whethei 

imiiiis ed retention in the preceding group of 7 patients was due to ho" 
ingestion. There wei-e a total of forty-nine observation periods during ora .' 
administered iron, and in twenty-one of these there was increased phospiior® 
retention and in twenty-eight a decreased retention. 

^ In the ^ entire group of 19 persons there were fifty-nine obscr'oho 
periods during iron administration, and in thirty-two of these periods e-- 
phosiilioms was retained than during the control period, while in 
seieii peiiods there was an increased phosphorus retention. There ' 
patients in actual negative phosphorus balance during iron adminisfii' lo < 
whereas there ivere 3 in negative balance in the control period. These reso 


1 
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are interpreted as indicating tliat there is no significant change in tlie reten- 
tion of phospliorus in the adult ns a result of tiie administration of iron cither 
orally or intramuscularly. It is our impression that the tendency toward 
decreased phosphorus retention is too slight and too inconsistent to be of 
significance. 

In Table III are presented in similar manner the effects of iron admin- 
istration on the retention of calcium. In thirty-two of the fifty-nine balance 
periods there was a diminished calcium retention as compared to the control 
period; in twenty-five instances the retention was increased, and in two 
periods there was no change. These figures are almost identical with those 
obtained for phosiihorus, but a eompari.son of the tables shows that in indi- 
vidual cases and periods there is no correlation between the phosphorus and 
calcium retention. In the twenty-five periods of increased calcium retention 
there was increased phosphorus retention in only fourteen and a diminished 
phosphorus retention in eleven. Of the thirty-three periods with diminished 
calcium retention only twenty-one also showed diminished pliosphorus inten- 
tion. In the ten observation jicriods during intramuscular iron therapy in 
the first 4 patients there are five periods with increased, and 5 with decreased, 
calcium retention. In tlie second group of 7 persons wlio received iron by 
mouth there are twenty-two ob.servation periods. In nine of these the cal- 
cium retention was increased and in thirteen it was decreased. There were 
twenty-seven balance periods during iron therapy in the last 8 patients 
(Ca.ses 12-19) ■who received larjrci* amounts of ii’on. 1'Iiere were eleven 
periods with increased, and 14 with decreased, calcium retention, and two 
periods with no change from tlic control period. During the control period 
there were 9 persons with calcium balance and 9 pcr.sons who were in an 
actual negative calcium balance for the entire period of iron administration. 
These results indicate that iron administration does not significantly affect 
calcium retention. 

Table III also contains data on nitrogen metabolism. It is seen that the 
administration of iron did not affect nitrogen retention, and that tliere is no 
correlation between the retention of nitrogen and tlie retention of either cal- 
cium or phosphorus. 

SUMMARY 

The phosphorus, calcium, and nitrogen balances of 19 adult patients 
''ere determined during the administration of medicinal iron. No consistent 
01“ significant changes in the metabolism of these substances could be de- 
tected during the administration of iron cither intramuscularly or orally. 
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ALTERATION OP GLUCOSE TOLERANCE IN PATIENTS WITH 
DISEASE OF PITUITARY, THYROID, AND ADRENAL 
GLANDS BY CHANGES OF DIBT«= 


James A. Greene, M.D., and L. ^V. Swanson, 1\I.D. 
Iowa City, Iowa 


T he numerous reports of disturbance of carbohydrate metabolism in Pi*’ 
tients with dysfunction of the pituitary, thyroid, and adrenal glamh, to- 
gether with the development of this disturbance in experimental animals ml 
altered function of those endocrine glands, appear to have definitely establis e 
a relatiousiiip between the function of these glands and carbohydrate metabo is^ 
It has been shomi also that alteration of the metabolic mixture througli diet in 
produce cl\ange,s in carbohydrate metabolism.^ It is important in the pn>P^^ 
treatment of patients and of academic interest to ascertain ivhethei oi no 
alteration of such metabolism is due directly to dysfunction of these en 
glands or to changes in the metabolic mixture. Tlie present study 
to obtain data regarding this question. These data, which we recognize as 
plete, is submitted in hopes of arousing interest in the subject. 


jiethod 

Glucose tolerance curves were obtained in patients with 
itary dwarfism, hyperthyroidism, myxedema, Addison ’s disease, an p* 
hjqoertension due to a pheochromocytoma. The tolerance was ascer a^^^^ 
morning after the patient had fasted for from twelve to fourteen i<n^ 
samples were obtained from the finger tip before, one-half, one, one in 

two, and two and one-half hours after administration of 50 gjjgngc of 

aqueous solution orallju The metabolic mixture Avas then alteie 
diet for from three to tiventy-four days and the glucose types of 

peated. In all instances the tolerance curves Avere obtained a gnd lo"’ 

diets, and in most cases after three. One diet Avas of a high cai o ij 
fat content, another Avas of Ioav carbohydrate and high fat con en^^ 
of both the carbohydrate and fat content the same proportion a 

•Prom the Department of Internal Medicine, State University of Iov.a 
Iowa City. 
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average hospital diet. The caloric value of the diets varied from patient to pa- 
tient, but were approximately the same for all diets prescribed for any one pa- 










(Z’*‘^N)\iV9r\s oooiB fS£’»^n) yvons aooig 


362 


TIIK JOURNAL OP LABORATORY AND CLINICAL MEDICIKH 











BLOOD SUGAR BLOOD SUGAR 


GRUEN'IJ-SWANSOX ; GLUCOSE TOLERANCE IN PATIENTS WITH GLANDULAR DISEASE 363 







364 


THE JOURNAL OF LABORATORY AND CLINICAL JIEDICINE 


RESULTS 


It is to be noted from Table I, which lists the number of patients with each 
disease and the effect of dietarj’’ alterations aipon the glucose tolerance eurve, that 
the tolerance was altered in all cases except in one of liyperthjToidism, and the 
results were cpiestionable in one of Addison ’s disease. Kepresentative alterations 
produced in the eurve of each disease are shown in the accompanying graphs. 
Acetone bodies were not demonstrable in any of the seven patients in whom this 
point was ascertained during high fat, low carbohydrate diets. 


Table I 


NO. OF PATIENTS 

DISEASE 

2 

Pituitary dwarfism 

1 

Acromegalia 

2 

Mj’xedema 

S 

H j’perthyroi d ism 
Addison’s disease 

1 

1 

Plieochromocytoma 

Total 15 




' EFFECT UPON GLUCOSE TOLERANbi: 

ALTERED 

CNALTEF.ED 


2 

0 


1 

0 


2 

0 

i 

7 

1 


? 

0 


1 

0 


13 

1 


COIIJIENT 

It is recognized that there are too fcAv cases of pituitary and adrenal dvs 
crasia in our studj' to permit anj' conclusions, but the results suggest that the is 
turbed carbohydrate metabolism may be due in part, if not entirely, to alteration 
of the metabolic mixture. If this is true, the disturbed carbohydrate meta o is® 
can be corrected by proper dietary measures. 


In regard to dysfunction of the thyroid gland, sufficient data aie 


available 


to justify certain conclusions. There is usually a diminished glucose to era 
but hypoglycemia may occur. Our results show that the diminished to er 
in hjTjerthju’oidism is due to alteration of the metabolic mixture and t a 
be remedied by a high carbohydrate and high caloric diet. The one pa i 
failed to show alteration of the tolerance curve had an initial normal 
it was not altered by such a diet. The glucose tolerance can be 
these patients by a high fat and low carbohydrate diet. The one pa 
failed to show this response developed hypoglycemia after two an 
hours, and a high fat and low carbohydrate diet for eleven ^ otl 
not alter the curve. A hij 
hand, was followed by a flattenin 


the other 


h carbohydrate and high caloric diet, on 

, — — ^.opotening of the curve and elimination of 

The explanation for this was not clear until ive observed spon ^ ygh 
glycemia in patients due to a high fat diet.= It appears, 
carbohydrate and high caloric diet is indicated in all cases of 
regardless of whether or not there is a diminished glucose tolerance 

glycemia. etabolism in 

These observations show that the disturbed carbohydrate me 
hyperthyroidism is due to alteration of the metabolic mixtvne an 
directly to dysfunction of the thjmoid gland. The results show, jnr- 

that it is important to correct this altered glucose tolerance in sue P 
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ing the preoperative treatment and that the maximum improvement should be one 
of the criteria which indicates whether or not the patient is prepared for thy- 
roidectomy. 

The patients with myxedema reaet to alterations of diet in the same manner 
as do normal persons, and this indicates that the diminished thyroid secretion 
is not a factor in the changes in earbohj’dratc metabolism in these cases. 

SUMMARY 

The glucose tolerance has been altered in patients with dysfunction of the 
pituitary, thyroid, and adrenal glands following alteration of the metabolic 
mixture by changing the carbohydrate and fat content of the diet. The tol- 
erance was improved Avith a higli earboliydratc diet and diminished with a high 
fat diet. It is suggested that in liyperth.rroidism the maximum improvement in 
glucose tolerance he obtained before thyroidectomy is adwsed. 

REFERENCES 

1. Sweenej*, J. S.: Dietary Factors That Influence the Dextrose Tolerance Test, Arch. Int. 

Med. 40: 818, 1927. 

2. Swanson, D. W., and Greene, James A.: Further Observations on the Hole of Diet in 

the Etiology and Treatment of Spontaneous Hypoglycemia, J. L.tB. & Ci.in. Med. 
To be published. 


THE COMPARATIVE IODINE CONTENT OP WHOLE BLOOD AND 

SERUM* 


Karl P. Klassen, M.D., Ruth L. Bierdaum, S.B., and George M. Curtis. 
Ph.D., M.D., CoLUiiBUS, Ohio 


T^HE majority of patients witli early, untreated exophthalmic goiter present 
an elevated blood iodine.^ Veil and Sturm, ^ as early as 1925, demonstrated 
that there was an increase in the alcohol insoluble or “organic” iodine fraction 
m the blood of patients with hyperthyroidism. Later investigators have con- 
firmed this observation.^’^ This increased “organic” iodine ‘presumably repre- 
sents a greater circulation of the high iodine containing thyroid hormone or of its 
higher metabolic products. 

The level of the “inorganic” fraction of iodine in the blood shows con- 
siderable variation. ° It is increased following the oral administration of inor- 
ganic iodine.^ A portion of the “inorganic” iodine represents the iodine of 
nutrition, i.e., iodine derived from the food, water, and, to a limited extent, air ; 
and which enters the blood stream principally from the gastrointestinal tract, but 
,aLo from the lungs. Normally this fraction should be small considering the rela- 
tively low daily intake of iodine. 

We have observed that in patients on a low iodine intake analyses of the 
lood c ells reveal only a trace of iodine, this being consistently increased by the 
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oral administration of iodides. Tlie present report deals with the results of a 
systematic investigation of the distribution of iodine in the serum and blood 
cells in patients without and with hyperthyroidsm before and following the oral 
administration of iodine. 

METHODS 

The investigation -was carried out on four groups of patients. The first 
group was composed of ten individuals -without thyroid disease and the second 
of ten patients with exophthalmic goiter. These patients were maintained on 
the usual hospital diet which has a relatively low iodine content." They had not 
received iodine medication in any form for at least one month. The third gi'oup 
was made up of ten patients from the chest clinic, wdio had been lipiodolizcd 
for diagnostic purposes. No basal metabolic rate determinations were made on 
these patients ; they showed no clinical evidence of thyroid disease. The fourth 
group was composed of ten patients with exophthalmic goiter who had received 
Lugol ’s solution or potassium iodide by mouth for from four to thirty days. 

A sample of 70 c.e. of blood was drawn, with the patient in the fasting slate. 
Twenty-five cubic centimeters of the blood were oxalated for the whole hlood 
iodine determination. Forty’' cubic centimeters of blood were used to obtain 
from 15 to 25 c.e. of serum by clotting and centrifuging. Five cubic centimeters 
of blood were used for hematocrit determination. The analyses of the iodine ni 
the whole blood and serum were made b.v the method of hlatthews.' 


Table I 

Iodine Content of Seruai, Blood Cells, and Whole Blood 


IODINE IN SERUM OF 
100 C.C. OF WHOLE 
BLOOD (^tg)* 


IODINE IN BLOOD CELLS 
OF 100 C.C. OF 
WHOLE BLOOD (fig) 


TOTAL IODINE IN 
SERUM PLUS CELLS 
OF 100 C.C. OF 
WHOLE BLOOD (Hg) 


4.2 

0.2 

4.4 

5.0 

0.4 

5.4 

35.0 

924.0 

2.3 

203.0 

37.3 

1,127.0 


IodineIontekt of 
100 C.C. OF WHOLE 
blood BT 
analysis 


3S.1 

1,058.0 


•A microgram (/ig) equals 0.001 mg. 


The percentage of iodine in the serum was obtained by the use o 
lowing formula, in which Ib and F represent the concentration of io me 
whole blood and serum, respectively^, while the cell volume of the b ooc 


pressed by’ V : 


Per cent of iodine in serum = 


F (100 - V) 


actual 


As a check on the accuracy of the analy’tical methods the 

iodine content of the blood cells was determined in four patients. Fo o ^ 
removal of the serum by centrifuging, the blood cells were washed 
with normal saline and then analy’'zed Tw the usual method. T" e^^ . 
centimeters of packed cells were used. The results of this proceduie a 
in Table I. The results obtained by’ analyses of the wdiole blood as 
those by’ adding the separately’ determined iodine content is ac- 

cells show only’ a small deviation. The present method of iodine yood-' 

curate to within 5 per cent for the amount of iodine ordinarily foun 
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OBSERVATIONS 

In the ten individuals witliout thyroid disease (Table II) tlic basal metabolic 
rate was within normal limits, averaging plus 5 pci* cent, with fluctuations of 
from minus 13 to jilus S. AYith a low iodine intake the whole blood iodine aver- 
aged 4.0 fxg per cent, with variations of from 3.1 to 5.6 ixg per cent. Tiiis is a 
normal blood iodine for this region by tlie prc.sent method of iodine analysis." 
The serum iodine concentration showed a similar variation. It ranged from 
5.9 to 10.2, averaging 7.1 /zg per cent. One hundred cul)ic centimeters of blood 
contained from 3.1 to 5.0 /zg of serum iodine, with a mean value of 3.8 /zg. The 
blood cells of 100 c.c. of whole blood contained only 0.2 fig of iodine, taking the 
average of all ten determinations. The scrum iodine thus constituted, on the 
average, 95 per cent of the total iodine of the blood. 


Table II 


CoxrpAn.\TiVE Iodine Content op Whole Blood and Seru.m 
I ndividuals Without Tli3'roid Dii^easo 
No Iodine Medication 


C.VSE 

NO. 

DI.SGNOSIS 

D.M.R. 

7c 

BLOOD 

IODINE 

Mg 7o 

SEItU.M 
IODINE 
Mg % 

cell 

volu.me 

7c 

IODINE IN 
SERU>i OF 100 
C.C. OF WHOLE 
BLOOD (Mg) 

7o 

IODINE 

IN 

SERUM 

1 


mMM 

3.1 


53 

3.2 


2 

Normal male 


3.2 


48 

3.1 

97 

3 

Psychoncurosls 

- 3 

3.3 


40 

3.2 

90 

4 

Normal male 

- 8 

3.7 


50 

3.4 

92 

5 

Ulcer of leg 

+ 8 

3.9 


47 

3.5 

91 

G 

Normal male 

- 1 


7.0 

47 

3.7 

93 

7 

Normal male 


4.0 

7.4 

43 

4.2 

105 

S 

Normal female 

+ 0 

4.2 

7 o 

43 

4.1 

08 

9 

Arthritis 

+12 

0.1 

7.1 

37 

4.5 

88 

10 

Normal female 

-13 

5.0 

10.2 

51 



Aver.'iges 

+ 5 


7.1 

40 

3.8 

95 


The basal metabolic rate was elevated in the ten patients with cxophtlialmic 
goiter (Table III), Tlic lowest basal rate was i)Ius 39, tlie Iiighest was plus 85 
per cent, averaging plus 60 per cent. The whole blood iodine was increased in all 
ten patients, ranging from 5.5 to 15.7 /ig per cent. The average of 10.0 fig per 
eent was two and a half times greater than the normal blood iodine. Tlie serum 
iodine showed a similar elevation, fluctuating from 10.4 to 25.0 fig per cent in 
these patients witli exophthalmic goiter. The average was 18.0 fig per cent as 
compared with 7.1 in the patients without thyroid di.seaso. The scrum of 100 c.c. 
of whole blood contained from 5.3 to 14.7 fig of iodine, averaging 9.6 fig. The 
blood cells of tlie same amount of whole blood contained only 0.4 fig. In these 
patients 95 per cent of the whole blood iodine was in the serum. 

In the ten patients without thyroid disease, but who had been lipiodolized, 
the whole blood and serum iodine reached an unusually higli level (Table IV). 
This increased blood iodine was due to the high absorption of tiie iodine of the 
bpiodol from the gastrointestinal tract. Fluoroscopy* following lipiodolization 
revealed the presence of lipiodol in the stomach in all cases. The absorption 
rom the bronchial tree is low, as has been shown in a previous report.® The 
'vhole blood iodine ranged from 18.5 to 3153.0 fig per cent, with a serum iodine 
concentration of from 25.7 to 4232.0 fig per cent. Tlie serum of 100 c.c. of whole 
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TabIiE III 

Comparative Iodine Content of Whole Blood and Serum 
Patients With Exoplithalmic Goiter 
No Iodine Medication 


CASE 

NO. 

DURATION OF 

SyaiPTOJtS 

B.M.R. 

% 

WHOLE 

BLOOD 

IODINE 
Mg % 

SERUM 

IODINE 
Mg % 

CELL 

VOLUJIE 

% 

IODINE IN 
SERUM OF 100 
C.C. OF WHOLE 
BLOOD (fig) 

% 

lODDiE 

IN 

SEEl’M 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

2 years 

1 year 

6 months 

1 year 

1 year 

6 months 

6 months 

3 years 

I year 

6 months 

+40 

+56 

+46 

+63 

+84 

+39 

+65 

+56 

+85 

+64 

5.5 

6.1 

8.9 

8.9 

9.6 
10.8 
11.2 
11.4 
12.3 
15.7 

10.4 
10.1 

17.0 

15.4 
16.3 

17.6 

22.0 

20.7 

25.8 
25.0 

49 

42 

45 

41 

44 

44 

51 

53 

51 

43 

5.3 

5.9 

9.3 

9.0 

9.1 

9.8 

10.8 

9.8 

12.6 

14.7 

96 

97 

104 

100 

95 

90 

97 

86 

102 

90 

Averages 

+60 

10.0 

18.0 

46 

9.6 

yo 


Table IV 

Comparative Iodine Content of Whole Blood and Serum 
Patients Without Thyroid Disease 


Iodine Medication* 


=== 

CASE 

NO. 

dugnosis 

WHOLE 

BLOOD 
IODINE 
Mg % 

SERUM 
IODINE 
Mg % 

CELL 

VOLUME 

% 

IODINE IN 
SERUM OF 100 
C.C. OF WHOLE 
BLOOD {Mg) 

Vo 

lOMKE 

K 

SEBD5!_ 

61 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Fracture of tibia 

Chronic empyema 

Pneumooyst of lung 

Pulmonary moniliasis 

Arteriosclerosis 

Bronchiectasis 

Bronchiectasis 

Bronchiectasis 

Obesity 

Pulmonary tuberculosis 

1 

25.7 

66.0 

124.8 

521.0 

1.777.0 

2.476.0 

2.518.0 

3.407.0 

3.724.0 

4.232.0 

56 

52 

53 

47 

48 

48 

49 

41 

45 

42 

11.3 

31.7 

58.6 

276.0 

924.0 
1,288.0 

1.284.0 

2.010.0 

2.048.0 

2.455.0 

70 

81 

60 

88 

77 

77 

79 

82 

78 

"TT' 

Averages 



48 



^ 


•Blood drawn from twelve to twenty-four hours following lipiodolization. 


Table V 

Comparative Iodine Content of Whole Blood and Serum 
Patients With Exophtlialmic Goiter 
Iodine Medication 


CASE 

NO. 

IODINE 

medication 

B.M.R. 

% 

WHOLE 

BLOOD 

IODINE 
Mg % 

SERUM 
IODINE 
Mg % 

c 

VO] 

1 

Lugol’s 1 week 

+60 

15.2 



2 

Lugol’s 4 days 

+36 

16.5 

21.2 


o 

O 

Lugol’s 4 days 

+49 

17.3 

22.0 


4 

100 mg. KI 5 days 

+39 

40.3 



0 

100 mg. KI 5 days 

+ 8 

41.5 

53.7 


6 

100 mg. KI 9 days 

+22 

44.0 



7 

100 mg. KI 5 days 

+38 

63.5 

74.5 


8 

100 mg. KI 5 days 

+22 

69.4 

95.2 


9 

Lugol’s 5 days 

+38 

106.0 



10 

100 mg. KI 30 days 

+40 

107.0 



Averages 

+35 
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blood contained from 11.3 to 2455.0 ;ig of iodine. There was an absolute, as well 
as a relative, increase in the corpuscular iodine, the cells of 100 c.c. of blood con- 
taining from 7.2 to 698.0 fig of iodine, or from 12 to 39 per cent of the total blood 
iodine. 

Although the total iodine concentration in the patients with exophthalmic 
goiter who had reeeived iodine in the form of Lugol’s solution or potassium 
iodide was not as high as in these lipiodolized, the percentage of iodine in the 
serum to the total blood iodine was approximately the same (Table V). The 
liasal metabolic rates were lower than in the patients with exophthalmic goiter 
not oil iodine medication, and averaged plus 35 per cent, ranging from plus 8 
to plus 60. The lowest whole blood iodine was 15.2 and the highest was 107.0 pg 
per cent. The iodine of the serum showed a corresponding increase, ranging 
from 20.2 to 130.0 pg per cent. The serum of 100 e.c. of whole blood contained 
from 12.2 to 63.7 pg, or on an average, only 72 per cent of the total blood iodine. 
The blood cells of the same amount of whole blood contained from 3.0 to 43.3 pg 
of iodine, as compared with 0.4 pg in the patients with exophthalmic goiter but 
not on iodine medication. 

DISCUSSION 

The increased whole blood iodine in the patients with untreated exophthal- 
mic goiter as compared with tlie normal blood iodine of the individuals without 
thyroid disease was due to the higher iodine concentration of the scrum, and not 
to an increased iodine content of the cells. With a low iodine intake the cor- 
puscular iodine was approximately the same in both conditions. It constituted, 
on an average, only 5 per cent of the total blood iodine. The iodine concentra- 
tion of the cells was thus similar to that of the cerebrospinal fluid of patients 
both with and without hyperthyroidism, as previously reported.” The average 
cerebrospinal fluid iodine concentration was found to be 0.5 pg per cent, as com- 
pared with the average corpuscular iodine concentration of 0 6 pg per cent in 
the twenty patients on a low iodine intake. 

The corpuscular iodine would appear to represent the diffusible iodine frac- 
tion of the blood, and, we may assume, also a part of the nutritional iodine of 
the blood. An increased intake of iodine is followed bj- an increase in the dif- 
fusible iodine fraction of the blood, as evident by the higher corpuscular iodine 
concentration. Hoivever, this corpuscular iodine represents only a part of the 
nutritional iodine, as there is also a concomitant rise in the serum iodine content. 
A portion of the ingested iodine is diffusible, while the remaining part is retained 
in the serum. 

The actual amount of iodine ingested by these patients was not determined. 
No attempt has been made to demonstrate a quantitative relationship between 
the iodine intake and the nutritional iodine concentration of the senim and 
cells. 

The determination of tlie whole blood and serum iodine is of some practical 
value in the differential diagnosis of hyperthyroidism in that it makes possible 
• le demonstration of an increased amount of diffusible iodine in the blood. An 
dm ated whole blood iodine may be due to the increased serum iodine of hyper- 
Jioidism, but may also be caused by an elevated nutritional iodine, brought 
a out by the ingestion of high iodine content foods or the administration of 
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iodine. The finding of a high corpuscular iodine concentration indicates that 
the patient under consideration has received iodine medication, and that this is 
responsible for the elevated whole blood iodine. 

SUMMARY 

In ten individuals without thyroid disease and maintained on a low iodine 
diet; with normal metabolic rates and normal whole blood iodine averaging 4.0 
[xg per cent, the average serum iodine was 7.1 fig per cent. The serum iodine 
constituted, on an average, 95 per cent of the total blood iodine. 

In ten patients with exophthalmic goiter, with an average basal metabolic 
rate of plus 60 per cent, and maintained on a low iodine intake, the average blood 
iodine was 10.0 fig per cent, the average serum iodine was 18.0 fig percent. On 
an average, 95 per cent of the iodine of the blood was in the serum. 

Following lipiodolization of ten patients without thyroid disease, the vhole 
blood iodine ranged from 18.5 to 3153.0 fig per cent, with the serum iodine fluctu- 
ating from 25.7 to 4,232.0. Prom 61 to 88 per cent, or on an average 75 percent, 
of the total iodine of the blood was in the serum. 

In ten patients with exophthalmic goiter, with an average basal metabolic 
rate of plus 35 per cent, while receiving LugoFs solution or potassium iodi e ly 
mouth, the blood iodine concentration fluctuated from 15.2 to 107.0 fig pei c® > 
with the serum iodine concentration varying from 20.2 to 130.0. From 6 .to 
per cent, or at an average 72 per cent, of the iodine of the blood was in the seiui 

CONCLUSIONS 

In individuals without thyroid disease and ivith a normal blood 
also in those patients with exophthalmic goiter with an elevated oo i ^ 
while on a low iodine intake, an average of 95 per cent of the tota m 
the blood is in the serum. . 

The elevated blood iodine of patients with exophthalmic goitei is 
increased amount of serum iodine. yj]. 

Following the oral administration of varying amounts of iodine or 
ization, there is an increased corpuscular iodine concentration, wit i a 
fall in the serum iodine to an average of 74 per cent of the total lo 
blood. 


, Ann- 
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COJIPAKATIVE STUDIES ON THE ABSORPTION 
OF SULFANILAIITDE*^ 


AY ALTER J. SlEDERT, JI.D., AND FREDERICK LoOSE 

St. Louis, jMo. 


OECENT studies- of a solution of sulfanilamide t demonstrated that in the 
^ ^ guinea pig and rabbit higher blood-free sulfanilamide concentrations are 
obtained with the solution than when sulfanilamide is given in equivalent 
dosage in other forms. Furthermore, the .sulfanilamide appears in the blood 
more quickly when given as the solution, and its rate of elimination is not 
accelerated. The solution employed was essentially a mixture containing in 
each fluidounce approximately 30 grains of sulfanilamide in glucose, glycerin, 
and sodium lactate. 

The question has arisen as to whether the sulfanilamide in the solution 
would be absorbed as rapidly as an equivalent amount of drug in the dry form, 
because of a possible linkage with the glucose of the solution. It has been 
postulated, also, that in persons with partial or complete achlorhydria and 
rapid gastric emptying time the sulfanilamide, if bound to glucose in the solu- 
tion, might not be absorbed as quickly or as completely ns when administered 
in dry form. 


To answer these questions studies were made, employing the solution of 
sulfanilamide in glucose, glycerin, and sodium lactate, and for comparison a 
brand of sulfanilamide tablets accepted by the Council on Pharmacy and Chem- 
istry of the American jMedical Association. The subjects were five males and 
one female between the ages of 21 and 49 in apparent good health, and one 
male, 49 years old, and one female, 51 yeai-s old, both of whom were afflicted 
'vith pernicious anemia. 

Vitamin C determinations were made whenever possible for the purpose 
of trying to establish some correlation lietweeii vitamin C gain or loss and the 
sulfanilamide concentration. AVhile these cases are not sufficient to draw any 
conclu.sions, there is enough evidence of such correlation to warrant further 
investigation. 


Quantitative determination of blood sulfanilamide was made according to 
the method of Bratton and IMarshall.* Since a comparison was being drawn 
between free sulfanilamide and a solution which might possibly contain the 
^ lug m a conjugated form, all values given are in terms of free sulfanilamide. 
Total s ulfanilamide, that is, free plus conjugated, was not determined. 


From the Dep.artnient of Patholoes'. Ue Paul Hospital. St Louis. 

^celved for publication, May 24, 1940. 

and sulfanilamide known as "solution of sulfanilamide in glucose, glj’cerin, 

um lactate." was furnished through the courtesy of Donley-Evans & Co., St. Louis. 
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_ The first patient was a wliite male, aged 36 years, weighing 190 pounds. At th k- 
ginning of the study his red Wood cell count was 4,140,000; hemoglobin 13 8 Gm Dies- 
»»« „,thoa„ blood 0 . 1 , 0,™, .Odpoiteii ni ,og.. C; “ 

f.';,. lo?;/".^"'; >■" -2“ 

evlrt fn I, (eqmv.alent to 15 grains of sulfanilamiae) was admimBfena 

Lteh r“r , IT? f r determinations were carried out on the Wood Mappion- 

'T!, ' drug was given and at four-hour intervals thae- 

■itter. The results arc shown in Table I. 


Tabue I 

Solution Sulfanilamiue in Glucose, Glycerin, and Sodium Lactati: 


time 

DOSAGE 

MILLIGRAMS 
PER CENT 

8 A.M. 

15 gr. 

0.0 

13 noon 

4 P.M, 

8 p.M. 

12 midnigiit 

4 A.M. 

5 A.M. 

12 noon 

15 gr. 

15 gr. 

15 gr. 

15 gr. 

15 gr. 

IS gr. 

Discontinued 

0.7 

1.1 

1.4 

1.5 

2.3 

2.r 

2.0 

4 P.M. 

8 P.M. 

12 midnight 

4 A.M. 

8 A.M. 

12 noon 


2.1 

l.C 

2.1 

O.S 

O.C 

Not done 


Carbon dioxide combiniag 
power 63 volumes pw cent 


Carbon dioxide cofflbinisg 
power 57 volunies per cent 


Carbon dioxide coabiiuBg 
power 61 volumes per teat 


A period of one week was aiiowed to elapse between the conclusion of the observatiw 
Table I and the beginning of the following study. Fifteen grains of sulfanilaa* 
ta ets were administered oi'ery four hours as previously. The results are given in T^ble 


in 



Table II 

Sulfanilamide Tablet.? 

XIILLICKAMS 
PER CENT 


13 noon 
4 P.JI. 

8 F.M. 

18 miduigiit 

4 A.M. 

8 A.JI. 

12 noon 

4 P.it. 

5 p.ji, 

12 midnight 

i AM. 

5 A.M. 

!2 noon 


15 gr. 

15 gr. 

15 gr. 

15 gr, 

15 gr, 

15 gr. 

Discontinued 


0.0 

0.5 

0.9 

1.8 

1.5 
1.9 
2.2 

2.4 

2.0 

1.6 

1.4 
1.1 
o.r 

0.3 


Carbon dioxide eombmtag 
power 67 Tolaioes V 


Carbon dioxide comfawnf 

power 54 volumespw' 


Carbon dJoxide combmtog^^f 
power 58 T oJoggifL.-- 


;e nonprotein 
jar, S? mg. 


pet 


nitrogen immediately following this study was 40 nig. per 
i cent, The blood picture showed no changes. 


.. (he 



SIECERT'LOOSE : .VBSOKPTION OF SUEF^WILAAIIDK 


■373 


lu this Stories of observfvtiojis the same patient was asetl ns in tJic first study, but aftej 
a period of two weehs. At this time, the nopproteiu nitrogen ivns 4,0 mg. per cent, and the 
blood sugar was 87 mg. per cent. Blood \’itamin C was 0.1.1 mg, per cent immediately 
before and 0.04 rag. per cent immediately following the e.vperiment. Fifteen cubic centi- 
meters of the solution of sulfnnilamidc w'as administered every four liours; sodium bicar- 
bonate (approximately 20 to .10 gr. every two hours) was given throughout the test period 
in sufficient quantity* to heep the urine alkaline during that time. Sulfanilamide determi- 
nations were made ou the blood ono-h.alf hour before each dose of the drug was administered. 
TIio results are given in Table III. 

Table III 


Solution’ Sulk.vn’Ilamipe in* Glucose, Glycerin', amp Sodium Lactate, 
AND SoDiwi Bicarbonate 


TIME 

DOSAGE 

MILLIGRAMS 

PEP* CENT 

URINE 


S A.M. 

15 jrr. 

0.0 

Alkaline 

Garbon dfo.vide comhiaiag 
power 68 volumes per cent 

12 noon 

35 gr. 

0.4 

Alkaline 

4 P.M. 

15 gr. 

0.7 

Alkaline 


8 P.M. 

15 gr. 

1.0 

Alkaline 


12 midnight 

15 gr. 

1.7 

Alkaline 

Carbon dioxide combining 
power 84 volumes per cent 

4 A.M. 

15 gr. 

2.1 

Alkaline 


8 A.M. 

15 cr. 

2.4 

Alkaline 


12 noon 

Discontinued 

2.0 

Alkaline 

Carbon dioxide combining 
power SG volumes per cent 


The second patient was a white male, aged 30 year?., weighing 1P4 pounds. At the 
start of the experimental period his rod blood ccU count was 4,870,000; hemoglobin, 15.1 Qm. 
(Ifewcomer method); white blood cell count, 8,-tOO; nonpiotcm nitrogen, 24 mg. per cent; 
blood sugar, 81 mg, per cent, A blood vitamin C determination was not done at this time, 
but several days later tlie blood vitamin C was 1.7.3 mg. per cent. Fifteen cubic centi- 
raeters of the solution of sulfanilamide (equivalent to 15 grains of drug) was administered 
e^cry four hours. Blood sulfanilamide determinations were made at approximately 25* C. 
one-half hour before each dose of the solution was administered. The results obtained are 
shown in Table IV. 

Table IV 


Solution Suleanilamidb in Glucose, Glycerin, and Sodium Lactate 


time 


12 noon 
4 P.M. 

8 P.M. 

12 toidnight 

4 A,M. 

^ a.m. 

12 noon 

4 P.M. 

12 midniglit 
4 A.M. 

^ A.M. 

12 noon 


DOSAGE 


IkllLUORAMS 
PER CENT 


15 gr. 

0.0 

15 gr. 

0.4 

15 gr. 

0.8 

15 gr. 

1.3 

16 gt. 

1.7 

15 gr. 

2.1 

15 gr. 

2.6 

Hiseontinucil 

2.8 


2.4 


2.0 


1,3 


0.8 


0.2 


0.2 


Carbon dioxide cotahmiag 
power 71 volumes per cent 


Cuibon dioxide combining 
power 69 volumes per cent 


Carbon dioxide combining 
power 67 volumes per cent 


, ^ Period of one week elapsed between the close of this and the following series of 

The nonprotcin nitrogen immediately preceding this series was 26 mg. per 
” j and immediately following, 28 mg. per cent. Blood sugar determinations were not 
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made at. this time. There were no significant hematologic changes, A dase of 15 mias si 
he brand of sulfanilamide tablets (5 gr.) previously employed was admiaistered evetvfoa 
hours as shown in Table 1^. 


Tabde V 

SUBFAXILAMIBE TABLETS 


TIUB 

DOSAGE 

31ILUGRAAtS 
TER CEKT 


8 A.M. 

15 gr. 

0.0 

Carbon dio.vide conibinmg 




power 68 volumes per fcrf 

12 noon 

15 gr. 

0.3 


4 P.JX. 

15 gr. 

0.7 


8 P.IK 

25 gr. 

1.1 


12 midnight 

15 gr. 

1.2 


4 A. it. 

15 gr. 

1.5 


S A.JI. 

15 gr. 

1.8 


12 noon 

Discontinued 

2.0 

Carbon dioxide combinisg 

4 P.M. 


2.1 

power 01 volumes per 

8 p.jf. 


1 4 


12 midnight 


1.1 


4 A.M. 


0.3 


S A.^t. 


0.1 


12 noon 


hTot done 

Carbon dioxide combining 




power 58 volumes per cent 


The third patient was a wliite male, 28 years old, weighing ISl pounds. HisiedM«'>3 
cell count immediately preceding the olnservations was 4,P70,000, with a Neivcomei hro®' 
globin of 15.C Gni.; the white blood cell count, G,oOO; the nonprotcin nitrogen, 29 wg- P^' 
cent; the blood sugar, 72 lug. per cent. 

N'either the white blood ceii count nor the hemogram showed any appreciable ctaDot 
subsequently. The blood vitamin C three days before the study was .started was 1.11 
per cent as determined with a photoelectric adaptation of Ingall’s method for Wood 
min C. Fifteen cubic centimeters of the solution of sulfamiamide (equivalent to 15 gn®- 
of drug) was administered every four hours. Sulfanilamide determinations at 25" C- 
made on the blood one-half hour before each dose of the drug was administered. 
itantly, carbon dioxide combining power of the blood was determined as shown in Tahe 


Table VI 


SoLnioA SuLPAN'iLAsriDE IN' Glucose, Glycebix, and Sovivm Mct.we 


TiirE 

DOSAGE 

MILLIGRAMS 
PER CENT 

8 A.M. 

15 gr. 

0.0 

12 noon 

4 P.il. 

5 p.xi. 

12 midnight 

4 A.II, 

8 A.xi. 

12 noon 

15 gi-. 

15 gr. 
lo gr. 

15 gr. 

15 gr. 

15 gr. 

Discontinued 

0.2 

0.7 

1.3 

1.5 

1.9 

3.1 

2.3 

4 r.jr. 

5 P.5t. 

12 midnight 

4 A.JI. 

8 A.JI. 

32 noon 


2.0 

1.6 

1.1 

0.4 

0.2 

hTot done 


Carbon 

power 7C volumes per 
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A period of ono •week was allowed to elapse between the foregoing and tlie following 
series. Tho nonprotein nitrogen immediately preceding was 27 mg. per cent, and imme- 
diately following, 28 mg. per cent. Neither blood sugar nor vitamin C determinations were 
done at this time. The hemogram and red and white blood cell count.*? were essentially the 
same as at the beginning of the series. Fifteen grains of tlie previously employed brand 
of sulfanilamide tablets were administered every four hours. As before, sulfanilamide 
determinations were made on tho blood onc-hnlf hour before each dose of the drug was 
administered. Results are shown in Table VH. 

Tabi.e VII 


SuiiVANlLAMlDE TABLETS 
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this time was essentially normal. Her nonprotein nitrogen, blood sugar, and uriaalvsis 
were well within the normal limits both before and immediately follovring the experimeBt 
An arbitrary dose of 60 c.c. of the solution of sulfanilamide per day was administered it 
divided doses, 10 c.c. every four hours. Sulfanilamide determinations were done on tie j 
blood one-half hour before the drug was administered. All determinations were dose ia- 
mediately at approximately 25° C. 

Table IX 

'Solution Sulfanilamide in Glucose, Glycerin, and Sodium Lactate 


TIME* 

DOSAGE 

MILLIGRAM 

PER CENT 


8 A.M. 

10 gr. 

0.0 

Carbon dioxide comhmhj 


* 


power 73 volumes per cenl 

12 noon 

10 gr. 

0.4 

4 P.M. 

10 gr. 

0.7 


8 P.M. 

10 gr. 

1.2 


12 midnight 

10 gr. 

1.6 


4 A.M.f 

10 gr. 

Not done 


8 A.JI. 

12 noon 

10 gr. 

Discontinued 

3.1 

3.2 

Carbon dioxide combiniig 
power 67 volumes per ttisl 

4 P.ji. 


3.4 

8 P.M, 


2.7 


12 midnight 


2.1 


4 A.M.t 


Not done 


8 A.M. 

12 noon 


1.1 

0.8 

Carbon dioxide combimsg 
power 69 volumes per cent 

6 P.M. 


0.4 

^ 


‘These specimens w’ere drawn at approximately the 
minutes' variations. 

tSpecimens were not drawn at these hours. 


time indicated subject to fth® 


of 


One week was allowed to elapse between the close of this series and jtcepf 
the next. A dose of 60 grains a day of a brand of sulfanilamide tablets ( 
by the Council w'as administered in divided doses as previously. Neither 
istry nor the hematology at this time showed any significant variance torn 
ately preceding the following experiment (Table X). 


Table X 

SuLFANILAMIPE TABLETS 


TIME* 

DOSAGE 

MILLIGRAM 
PER CENT 

8 A.M. 

10 gr. 

0.0 

12 noon 

4 P.M. 

8 P.M. 

12 midnight 

4 A.M.t 

8 A.M. 

12 noon 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

Discontinued 

0.2 

0.5 

0.9 

1.3 

Not done 
2.2 

2.7 

4 P.M. 

8 P.M. 

12 midnight 

4 A.M.t 

8 A.M, 

12 noon 


2.9 

2.4 

1.8 

Not done 
0.8 

0.6 

6 P.M. 


0.3 





^“wernlolumespcr^ 




Carbon aioxiae^^®^’”1ul 


•See footnote under Table IX. 
tSee footnote under Table IX. 
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lu the sixth study the subject was a white male, 41 years old, weighing 138 pounds. 
At the start of this experiment he had a red blood cell count of 4,320,000, a hemoglobin 
of 14.3 Gm. (Newcomer method), and a white blood cell count of 9,100. His hemogram was 
normal, his nonprotcin nitrogen was 27 mg. per cent, his blood sugar was 82 mg. per cent, 
and his vitamin C determination was 1.13 mg. per cent; a basal metabolism run three weeks 
prior to this test was plus 23. A dose of 60 c.c. of the solution of sulfanilamide a day was 
administered in divided doses, 10 c.c. every four hours. Determinations were done as 
previously. 

Table XI 


Solution' Sulfaxilaiiide ik Glucose, Glycerin*, an'd Sodium Lactate 


TIME* 

DOSAGE 

milligram 

PER CENT 


S A.sr. 

10 gr. 

0.0 

Carbon dioxide combining 
power 76 volumes per cent 

12 noon 

10 gr. 

0.3 

4 r.ji. 

10 gr. 

0.7 


S r.M. 

10 gr. 

1.4 


12 midnight 

10 gr. 

1.9 


4 A.M.t 

10 gr. 

Not done 


8 A.M. 

10 gr. 

2.9 


12 noon 

4 P.M. 

8 P.M. 

12 midnight 

4 A.5r.t 

8 A.M. 

Discontinued 

3.4 

3.1 

1.8 

1.1 

Not done 
Trace 

Carbon dioxide combining 
power 07 volumes per cent 

12 noon 


Not done 

Carbon dioxide combining 
power 09 volumes per cent 


•See footnote under Table IX. 
tSee footnote under Table IX. 


Table XII 


Sulfanilamide Tablets 


TIME* 

DOSAGE 

MILLIGRAM 
PER CENT 


S A 11. 

12 noon 

4 P.M. 

8 P.M. 

12 midnight 

4 A.M.I 

8 A.M. 

12 noon 

4 P.M. 

8 P.M. 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

Discontinued 

0.0 

0.2 

0.5 

0.9 

1.3 

Not done 

2.0 

2.3 

1.8 

1.1 

0.7 

Not done 

0.3 

Not done 

Carbon dioxide combining 
power 69 volumes per cent 

Carbon dioxide combining 
power 58 volumes per cent 

12 midnight 

4 A.M.t 

8 .^M. 

12 noon 


Carbon dioxide combining 
power 01 volumes per cent 

•See footnote 
tSee footnote 

under Table IX. 
under Table IX. 




A period of one week was allowed to ehtpse between the close of this series and the 
^ginning of the next studj*. A dose of 60 grams a day of a brand of sulfanilamide tablets 
Sr.) accepted by the Council was administered in di%'ided doses ns before. The blood 
before hematology of tins subject showed no significant changes from tliose run 

the experiment with the exception of the vitamin C. determination, which was 
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0.72 mg. per cent. Tlie indii-idual in the seventh study vas a 21-yeaT-oId white male wcigl- 
ing 149 pounds. His red blood cell count immediatelj’ preceding this experiment was 
4,720,000, vritli a Nevrcomer hemoglobin of 15.8 Gm. His white blood cell count at this 
time was 7,600, and his hemogram was normal. His nonprotein nitrogen was 26 mg. p?i 
cent, his blood sugar was 92 mg. per cent, and his vitamin C determination was 1.26 ng. 
per cent. A do.se of 60 e.c. of the solution of sulfanilamide a day was administered » 
divided doses. Sulfanilamide determinations were done on the blood one-half hour before 
each dose of the drug was administered. All determinations were done inmiediatelT and 
at approximately 25° C. 

Table XIII 

Solution Sulfanilamide in Glucose, Glycekin, and Sodium Lact-ite 


TIME 


8 A.M. 

12 noon 
4 P.M. 

8 P.M. 

12 midnight 
4 A.M. 

8 A.M. 

12 noon 

4 P.M. 

8 P.M. 

12 midnight 
4 A.M. 

8 A.M. 

12 noon 


DOSAGE 


10 gr. 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

Discontinued 


milligram 

PER CENT 

0.0 

o's 

0.8 

1.1 

1.3 

Hot done 
2.5 
2.G 

2.0 

1.4 

0.6 

Not done 

0.1 

Not done 


Carbon dioxide combining 
power 82 volnmes per cent 


Carbon dioxide combining 
power 78 volumes per cent 


javy trace 

rbon dioxide , 

power 79 volumes per cent 
tamin C determination 
n 061 Cent 


A period of one week was allowed to elapse between the foregoing expe 
the following. Neither the blood chemistry nor the hematology of a brand 

changes from that at the start of this experiment. A dose of 60 grams a jo;es 

of sulfanilamide tablets (5 gr.) acceptable to the Council was admmistere oj 

of 10 grains every fonr hours, as previously. Sulfanilamide determinations w ^ 
the blood one-half hour before each dose of the drug was administered, wi 
of the 4 A.M. dose, at which time no blood was drawn for a determination. 


Table XIV 


SULFANILAillDE TABLETS 


TIJIE 

DOSAGE 

JIILLIGRAil 
PER CENT 

8 A.JI. 

10 gr. 

0.0 

12 noon 

4 P.M. 

8 P.it. 

12 midnight 

4 A.M. 

8 A.M. 

12 noon 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

Discontinued 

0.3 

0.6 

1.2 

1.4 

Not done 

1.9 

2.2 

4 P.M. 

8 P.M. 

12 midnight 

4 A.M. 

5 A.M. 

12 noon 


1.7 

0.9 

0.4 

Not done 
A^ery faint trace 
Not done 


Carbon 'iiof 


pow- 


er SI volumes per 
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The blood chemistry showed no Hipiificant clianj'cs at this time over that preceding 
this experiment; the red blood cell count and hemoglobin were approximately the same; 
the white blood cell count was 4,800, with a nonnal hemogram. 

A period of one week was allowed to elapse between this expeiimcnt and the follow- 
ing studj*. The patient's blood chemistry immcdiateh' preceding this experiment was essen- 
tially the same as previous!}'. The white blood cell count was 0,200. Sixty cubic centi- 
meters of sulfanilamide solution, with concomitant dosages of sodium bicarbonate, were 
administered ns previously. 

Tahle XV 

SOI.UTION SULFAKILAMIDE IN Gli'COSE, GLYCEMN, AND SODirM LaCTATE 
Plus Sodium Bicarbonate 


TIME 

DOSAGE 

MILLIGRAM 

PER CENT 

URINE 

8 A.M. 

10 gr. 

0.0 

Alkaline 

12 noon 

10 gr. 

0,2 

Alkaline 

4 P.M. 

10 gr. 

0.0 

Alkaline 

8 P.M. 

10 gr. 

1.3 

Alkaline 

12 midniglit 

10 fir. 

1.5 

Alkaline 


Tests were discontinued because of patient's refusal to cooperate further. 


The individual in the eighth study was a white female, aged 51 years, M'eighing lOD 
pounds, who for nine years had been under treatment for pernicious anemia. At this time, 
her red blood cell count was 11,940,000, with a Newcomer hemoglobin of 12.2 Gm. Her white 
blood cell count was 0,600, with a normal hemogram. The nonprotcin nitrogen and blood 
sugar values were well within the normal limits. A basal metabohsm run five weeks prior 
to this test was plus 9. A modified G-I series showed a rather marked increase in stomach 
motility, and the gastric analysis showed a total achlorhydria. 

An arbitrary dose of 60 c.e. of solution of sulfanilamide a day was administered in 
divided doses ever}* four hours (10 c.c.). Sulfanilamide deiernunations were made on the 
blood one-half hour before the drug was administered. At the close of this experiment, 
a nasal tube was passed and the gastric analysis still showed a total lack of free and 
combined acid. At this time this test was discontinued because the patient felt dizzy and 
complained of a headache; the following day, although she refused further laboratory 
studies, she reported that tlie.so symptoms had all disappeared. 


Table XVI 


time 

DOSAGE 

MILLIGRAM 

PER CENT 

8 A.M. 

10 gr. 

0.0 

12 noon 

10 gr. 

U.4 

4 P.M. 

10 gr. 

0.9 

8 p.si. 


1.5 

10 P.M. 


2.3 


DISCUSSION 

I'esiilts olitained in this study are summarized graphically in Table 
. he seen that the maximum concentration of sulfanilamide at- 

ainecl in the blood in every case was higher when the drug was given in the 
Ofja of the solution. With sulfanilamide tablets, excretion time was shorter, 
^*1 the per cent loss of blood carbon dioxide combining power was greater. 

In the face of a known, persistent, complete achlorhydria, a rise in blood 
Qbuamide, comparable to that obtained in normal subjects, occurred when 
G uig was administered in the form of a solution. 

Uhen the solution of sulfanilamide was administered, together with large 
toses of Sodium bicarbonate (20 to 30 gr. every two hours), no interference 
'H. absorption of the sulfanilamide occurred. 
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Table XVII 


Male 
26 years 
190 pounds 


2 

Male 
SO j-ears 
194 pounds 

" 3 

Male 
2S years 
ISl pounds 

i 

Male 
49 years 
1S5 pounds 


SUBJECT 


ISolution of 
sulfanilamide 

Sulfanilamide 
tablets X.N.E.. 

[Solution of 
sulfanilamide 
and sodium 
bicarbonate 
[Solution of 
sulfanilamide 

Sulfanilamide 
tablets N.N.B. 


5 

Female 
24 years 
105 pounds 


6 

Male 
^1 years 
13S pounds 


[solution of 
rnlfanilamide 

Sulfanilamide 
tablets N.y.B . 
[Solution of 
sulfanilamide 


Male 
21 years 
149 pounds 


S 

Female 
oI years 
109 pounds 


[solution of 
sulfanilamide 

Sulfanilamide 
[ tablets lSr.NJl. 
Solution of 
sulfanilamide 

Sulfanilamide 

tablets X.1V.B. 

[SolutioiTof 

sulfanilamide 

I S ul f a ni 1 0 

tablets lSr.N.B. 

[Solution of 
sulfanilamide 
and sodium 
bicarbonate 
[Sohmon''5f 
sulfanilamide 
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tJPernicious sodium bicarbonate administered everj- two hours, 

chloric acid. "inemia, five years. Stomach contents showed neither free nor combined b. 

achlorhydria%°e‘forf'^M after^H ^larked high motllitj'. Gastric analysis shoff£<i totd 

atcer this experiment. 

CONCLUSIONS 

arm Subject liigber Wood concentrations of free 

*■"5 « Siven as the solution th.a,i when admlnlsW'''- 
equmlent dosage in the £om of tablets 
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The rate of elimination of the sulfanilamide is no more rapid when given 
as the solution than when administered in other forms. 

The loss of blood carbon dioxide combining power is less when the solution 
of sulfanilamide is administered than when the drug is given in tablet form. 

Even in the face of a persistent, complete achlorhydria, a rise in blood 
concentration of sulfanilamide comparable to that seen in the normal subject 
is attained when the drug is administered in the form of the solution. Hence 
the influence of gastric hydrochloric acid is not required to permit absoi*ption 
of the sulfanilamide into the blood stream. If a linkage between the glucose 
and sulfanilamide does exist, gastric acidity is not needed for its breakdown. 


1. Bratton, A. D., and ilarshall, E. Iv.: A New Coupling Component for Sulfanilamide 

Determination, J. Biol. Clicm. 128: 537, 1930. 

2. Siebert, W. J., and Loose, Frederick: Observations on a Sulfanilamide Solution, J. Lab. 

& Clin. Med. 25: 10G2, 1940. 



LABORATORY METHODS 


QENERAL 


SIMULTANEOUS ARTERIAL AND VENOUS BLOOD CULTUEES* 


Maynard SIurray', M.D., and Frank IMoosnick, B.S. 
Cincinnati, Ohio 


I N REVIEW of the literature on blood cultures one is impressed by the fact 
that a comparative study of the efficiency of arterial blood cultures as com 
pared to venous is wanting. In eases of septicemia it is not uncommon to sec 
petechial hemorrhages follow the distribution of a small artery. Because o 
these facts such a comparative study was conducted on 27 patients u ith clinica 
evidence of bacteriemia. 




j . 1 » 1 1 • t- ■ L ' f- ’ 

O’ P ^ o 

o 

''rV V-V.v-'v-'crl'’/ 


Totai fiumhtr of Cultures 

100 % 



Nufnhetcf PosHii'e C(/ltur<i'S 

55% Posiiiue 

^ ^ ^ Attci'ial 


1 1 Ve/iOUS 

Distribution of PosUiirs. Ctfiures 

. . . , J /'cAO/i/C 

93 

Distribution of Posiiirr Cultures 

6 % j 


Figr. 1. 


After surgical cleansing of the parts blood cultures '' medium usf' 
taneously from the cubital vein and from the femoral arteiy- ^ iJjy 

was nutrient brain broth. The cultures were incubated at 3 • ^ ^ 

and subcultures Avere taken. The blood taken from each source v ^ 

half of AA'hich Avas cultured aerobically and the other half anaei 
seen in Pig. 1 the results are as folloAvs : P®* 

Prom 27 cultures taken from as many patients 15, or \vhile 

tive. In the 15 positive cases 14 AA'ere positive in the arteria cu Ygnoi 

6 Avere positive in the Amnous culture. One patient shoAve u aerobic a® 
culture and a negative arterial culture. As to the One®'' 

anaerobic cultures, 15 aerobic and 7 anaerobic cultures aa ei e pos^ jjarobic 
ture Avas positiAm in the anaerobic tube and negative m ^ positi' 

From this experiment it is evident that arterial cu 
in a higher percentage of cases than are cultures taken fiom a 

^ and ^ 

♦From the Laboratory of Physiology, University’' of Cincinna i an 

pital, Cincinnati. 
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A SIMPLIFIED APPARATUS FOR CONSTANT RATE INJECTIONS' 


Alfred E. Koehler, M.S., Ph.D., jM.D., Santa Bardara, Calif. 


IN STUDYING the ability of the animal body to utilize, store, or eliminate a 
A substance injected intravenously, it is desirable to fr've it at a constant 
rate over a sufficiently long period of time, so that the organism can adapt 
itself and establish, if possible, an equilibrium. Similarly, in studying the effect 
of a substance such as a hormone upon the animal organism, the true response 
can usually better be evaluated if such a substance is given at a constant rate 
approaching physiologic or pathologic secretion. 

Besides affording adequate time for diffusion and distriliution equilibrium, 
continuous injection has the particular advantage over a single injection in that 
it frequently permits the observation of the change in equilibrium or response 
that may take place during the course of administration. Thus, if glucose is 
injected intravenously at a constant rate, the rapidity of disappearance of 
glucose from the blood stream constantly changes as the mechanism for sugar 
utilization becomes stimulated or, as in the ease of the diabetic organism, first 
stimulated and then depressed. Similarl.v, if epinephrine is injected at a 
constant physiologic rate for two or four hours the blood pressure response may 
be quite different for the consecutive half hour intervals, in fact, may change 
from a pressor to a depressor effect. This difference of adaptation is often of 
primary importance and may be completely missed by a single injection even 
if prolonged to one-half hour. 

ArPARATUS FOR INJECTION 

Several types of apparatus for constant rate injections that have been 
satisfactory for specific purposes have been described. One of the first motor 
driven pumps was described by Bock* in 1907, and modifications have been made 
by Friedman* (1910) and many others. Considerable improvement was, how- 
ever, made in compactness, mechanical precision, and adaptability by Woodyatt* 
m an apparatus described in 1917. This machine, as originally described, was 
subject to current fluctuations; due to the valvular mechanism involved, it never 
became popular for clinical use. 

The apparatus to be described, although not capable of injection over in- 
definite periods as is the ease with the Wood.vatt pump, offers a simple, accurate 
means of constant rate injection, particularly practical for routine clinical toler- 
ance tests. Our experience has shown that the average subject or patient cannot 
le longer than two and one-half to three hours for injection without becoming 
unduly restless or uncomfortable, and consequently an apparatus for longer 
injeetio n is usually not needed. 

From the Sansum CUnic and Santa Barbara Cottage Hospital, Santa Barbara, 
ueceivcd for publication, November 29. 1939. 
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P,v 1 , . 

of a verticnlly snppo.td'lv* I* consists «,*||, 

front corners support rinidlv 7 ° .ad “ 
oeoter to center. Sliding o^tl; "* 

tos.i,etl,cslat,onar,vta,cdj„st.,He.„„p,„ 



Fig. 1. 

01 the bottom of the ba ■ ■ I 

'hieh clasps tlie top of t^^ syringe and also the screw actuated 

od parallel to it is a se ■ Inside of each statiojiary vertical supp®'^ 

Iso by a bearing in the b^*^" ^^^PPorted by a bearing m the top cross iiai' 

• Vs inch diameter with ri Y-hieh it extends. The screw shaft 

^^^reads per inch. The head carrying the phiage^ 


screw aeuicai-u 
;ary vertical supp^'i 
p ton cross hai' 
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carries two split nuts which engage with the screws. Spring tension keeps the 
split nuts together to engage the thread, but pressure on the clip extensions with 
forefinger and thumb of each hand disengages the head so that it can be freely 
moved up or down on the outside supports. 

The two screws are synchronously turned bencatli the top plate of the base 
by sprockets and chain connected to the motor drive which extends through the 
base plate from above. Tlie sprockets at the base of the screws are 2 inches in 
diameter with 20 teeth, and tlic sprocket on the motor drive extension shaft has 
10 teeth. 

A constant speed motor of 50 cycle 1,500 revolutions, %o horsepower, syn- 
chronous type with a 1 ;] ,120 reduction drive extending downward is mounted 
on the back portion of the base.*' llounting the motor on a rubber base and 
inserting a rubber disk univcr.sal drive in the power extension minimizes vibra- 
tion and noise. 

The above typo motor and reduction drive ratios result in tlie delivery of 
100 c.c. per hour with the type of 200 e.c. syringe we have used. 

An automatic shut-off switch operated when the syringe plunger is down is 
essential. The switch is mounted on the lower barrel support and is operated 
by a rod that extends up tlirough an extension of tlie movable head. An adjust- 
able collar fastened on the rod is engaged when the licad has moved down 
sufficiently. The mounting of the switch on the lower movable support serves to 
maintain a constant shut-off relationship regardless of the position of the sup- 
port. 

ObvioiLsly, any rate of delivery can be obtained by using different drive 
sprocket ratios or by the introduetion of various gears. Adjustable 3 or 4 speed 
transmissions can bo built in below the base. On the other hand, wo have found 
It desirable to make the driving mechanism as simple ns possible so as to avoid 
mistakes. 

To vary the amount of a substance to be injected it has in general proved 
more satisfactory to change the concentration of the solution rather than change 
the rate of injection of the solution. Thus glucose can be given at the rate of 
10, 25, or 50 grams per hour by using a 10, 25, or 50 per cent solution injected 
at the rate of 100 c.c. per hour. Epinephrine or insulin can be diluted with 
normal saline, so that any desired amount can bo given per hour. 

The main advantage of this type of apparatus is its simplicity and prac- 
ticability, so that it can be used for routine bedside work. The standard syringe 
and tubing can, of course, be easily sterilized. 

REFERENCES 

1. Bock, J : Untersucliungcn iibei die Nierenfunktion. I. Ueber die Ausscheidung der 
Alkaliinetalle naeh Injektion von Kaliunis.ilzen, Arcli. f. exper. Path. u. Pharmakol. 
„ j, . 57; 18.S, 1907. 

ricuman, E.: Zur Teclinik der Durclistrdmong' uberlebendcr Organe, Biochem. Ztsclir. 
. 27: 87,1910. 

Method of Timed Intravenous Injections, J. Biol. Cliem. 29: 355, 
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Sliced motor may be obtained from the Bodine Electric Co., Chicago, 111. 



A SIMPLE PHOTOSTATIC CAMERA 


Robb Spalding Spray, Ph.D., and Alfred Reeves Stanley, Ph.D, 

Morgantown, W. Va. 


|3H0T0STATIC records of books, journals, or other documents are a matter 
of great convenience and importance, especially where reprints are no longer 
available, or where library loans do not allow time for abstracting or for 
translation of foreign texts. “Bibliofilms” now provide a fairly convenient 
source of such records. 

To meet daily desires, we have designed and built a photostatic camera of 
such simplicity and general utilit}^ that it seems suitable to present its details 
in such form that others may reproduce it. This device prints directly upon 
photographic paper, 5 by 7 inches, with only a slight reduction in size of te.d, 
in sharp white type upon a solid black ground. Even the finest t.vpes arc 
sharply and legibly reproduced. Apart from the initial cost, prints may be 
made in quantity at approximately 2 cents each. 

The apparatus consists of a baseboard with vertical grooved standards to 
support a camera, with its plate holder removed, on an adjustable slide. Filh 
tightly above the camera is a light-proof horizontal box carrying a mirroi at 
45° angle, centered on the camera lens. The mirror is necessary to re-revnse 
the normally^ reversed image. Fitted into this box is a movable frame desiguc 
to receive an Eastman printing frame, 5 by 7 inches, fitting into a recess % 
deep. 

This movable frame is supported on a shelf attached to the camera slide, 
and is arranged to slide into or out of the mirror box, allowing IV 2 indies p ^ 
for focusing. Guide strips and a wing-nut bolt to lock in focus are provide . 

Three focusing movements are thus available: (1) the camera beUoi'S, 

(2) the vertical movement of tire camera slide; (3) the hoi’izontal moveui® 
of the printing frame carrier. By proper manipulation of these movements a 
ordinary^ journal and book pages can be qnickly'^ reduced and sharply bioi'o . 
to focus on a 5 by 7 inch ground-glass screen. . i 

The apparatus is easily constructed, chiefly of three-ply wood, comciuen , ^ 

available in large sheets. Bracing consists chiefly of 1 by 1 inch strips. ' “ j 
wire brads, a,nd Yg inch wood screws are applied as indicated. The ] 

details are given in the illustrations and key’' to details. Basic dimensions a 
are given. 

We are using a Polmer and Schwing camera, 4 by 5 inches, as 
Spencer Lens Co. (1924 catalog, No. 640, page 71). This is , a speed graP' 
bellows camera with Rodak haR-bearing shutter and a 4 by 5 R- R _ 

For illumination of books in photographing we use two Westinghouse 
38 projection flood bulbs, 150 watt, 120 volts. These are supported in c!® ^ 

on^tal standards at about 18 inches from the book, directed downffara 

BGceived for publication, December S, 1939. 
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about 45® angle. With this illumination the exposure time runs around ten 
to twelve seconds, according to the selected printing paper. 

Prom a variety of papei*s tested ive have cliosen Eastman Kodaline Bro- 
mide, single weight, smooth, semimatte, wliite paper. However, tlicrc is now 
available a new Kodabrom, grade A4, single-w'ciglit paper which promises even 
better contrast. We liave not yet tried this new line, but from our experience 
with single-weight Kodabrom F4 paper we believe that this may be recom- 
mended. 



^ three-iiy bas?eboard. 30 by 14 inches, supported on l by 1 by 30 Inch 

] hv. 1 three-ply gusset brace, iiy. by 12*^^ inches, supporting C-C through 

strips (2?i) ; C-C. *4 inch three-ply support standards, 34 Inches long, con- 
nf 3 by 34 Inches and one U by 1% by 34 inches, separated by two strips 

form groove for slide D.- drilled with a series of Va inch holes for 
D j/ K of slide D; C2, two % by 2 bv lOT^ Inch bracing strips to support C-C; 

connt/>»?l ® 1 slide for camera support ; drilled with two ^ic Inch holes to fit camera 

stanrtntlf^ ends perforated by a senes of % inch holes to fit similar spacing on 

. .Slide D held in position at desired elevation by two 6-penny casing nails. 
aUacl^d to slide D by knurled bolts provided with camera outfit ; E, Spencer Photo- 
It bv Camera (1924 catalog No. 640) supporting projection tunnel F, and clamped to 

P rubber bands and wire hooks; bands looped over four brads on top of F; 

Vi inch three-ply. 8 by 6 by 7 inches, lioldin" G. silvered clear glass 
PlacA of striations, 7V* by inches, set at exactly 45® angle, and held in 

on sv.il.* T glued wood blocks Focusing tunnel, fitting snugly into F, and movable 

Collar built onto H, to hold standard 5 by 7 Inch printing frame, allowing In- 
fociis” ® depth of •% Inch. Tunnel H allows inch sliding Insertion into F for 

has n' ^1 Jd groove on shelf / by slide (14 by2by 5Vj inches' 

lock *o match slot on shelf H, fitted with by 1 inch bolt and 

to forrn\ii5^°P®^ focus; 1, Shelf. H by 7% by 8 Inches, with two U by 2 by 6 Inch 
slide for Ei; provided with 3 by % Inch slot to match ffi. 


inches). Slide III 
and wing-nut to 
Inch strips (71) 


^evelopinff, Fixing, and Drying Details . — 

1- Eastman (developer, formula D-72 (about one minute). 

^ riiise bath (48 c.c. of 28 per cent acetic acid to 1 liter of water) 
(five to six seconds). 
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3. Eastman fixing bath, formula PI (ten to fifteen minutes). 

4. Wash at least thirty minutes in running water, or preferably mitil 
hypo test is negative (hypo test formula HT-la). Note: Eastman eliemioals 
are used throughout. 

,5. Prints are rolled and dried .slowly on Ferrotype squeegee plates ivliicb 
are treated with “Peep-o-Day” squeegee paste (Karika Mfg. Co., Yale, Okh.j, 
obtained through Eastman stores. 

Printing suggestions . — Books or .iournals are laid flat on the baseboard A. 
The selected page is pressed fiat under a clear sheet of window glass. Tk 
back of the book is bent out and held against a triangular rack (not illustrated) 
with sliding wire hooks to hold back the loose pages. 

Printing frames are loaded and prints developed under the light oi a 
Kodak safelight lamji, using a series OA Wratten safelight. 

In printing a continuous series of pages we load and print she hanies. 
With two persons working, one loads the frames, turns the pages, and manip- 
ulates the shutter; the other adjusts the focus, holds the printing frames m 
place, and operates the illumination switch. Working together, pages may le 
printed in a series at a rate of a little less than one per minute. 

Complete reprint series are then conveniently bound ivith an Aec p' » 
stapler. 

Note: Since the acceptance of this article for publication, we have found it 
to omit the use of plate holders. A glass plate is fixed in the collar fE2) and pn® 
is faced to the glass and held during printing by a felt-faced board. Tlie printing s 
thus almost doubled. 


AN OPEN RACK FOR THE SYRINGE OUTFIT WHEN IN USE 


Joseph L. Szekely, M.D., Flushing, N. ■ 

N EXT to the stetlioseope, the syringe is probably the most in 

medical instrument today. Y^ct the vast improvement pio- 

the technical armamentarium during the last few decades has neg 
vide a commercially available, adequate solution to the simple, eveiy_ 
of wdiere to rest the sterile syringe outfit while in use. Before an a 
a syringe with the solution, and while it is being taken to the Ijic idi!'- 

should be placed in a secure position and the sterility of the nee e a 
drawn parts of the plunger .should be safeguarded. This is some ‘ ygooiis 
The rolling tendency and the fragility of the syringe are a ban on (!if 

makeshift arrangements are resorted to, such as putting a piece o 
tray under the tip of the syringe, placing the syringe with 
over the edge- of the table or tray, or even in an ash tray, etc. i® jiji' 

such as the hazard of contamination, the bending of the neec le po 
possibility of lireaking the syringe, are obvious and often happen- 

The device described here ansivers this problem. It is a a ^ ^ ^or -i 

ported by tw'O cylindrical legs ivitli either one or three le-stuio 


Beceived for publication, December 1, 1939. 
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corresponding number of syringes. It is called the Steri-Eack and is made in 
three models. The small model will rest one syringe ; the medium and the large, 
up to three syringes. The resting places have the shape of a semicircle that 
broadens out into a wide open V. The syringe outfit is usually placed in a 
slanting position with the hub of the needle or the tip of the syringe in the semi- 
circle and the other end on the table or tray. The semicircle will just take the 
medium part of the hub of the needle. The front and rear prominences of the 
hub cannot pass through this opening ; hence the sju’inge will not slip off the 
rack easily. If the needle happens to have a hub varying from the conventional 
style, the part of the syringe tip right behind the hub will rest in the semicircle 
with the same effect. Both glass and metal tipped syringes can be rested on the 
rack whether a needle is attached or not. The height of the resting levels vaiies 
to suit the different size syringes (Pig. 1). 



Pig. 2. , 

The V-shaped part of the resting place will take the barrel The 

plunger when a syringe is rested on two racks simultaneously ( lo- 
front end of the s.vringe outfit, either the hub or the barrel, rests 
and the rear part, either the barrel or the end of the plungei, on ano 
different racks or two of the same model can be paired. The This 

the semicircular and V-shaped resting places complement eae o^^^ gyj.jnge, 
makes it possible to rest in a balanced position one or two of any s 

from the smallest up to a large metal ear syringe with both sterilif'' 

Such an arrangement is advantageous, for instance, where pro oip, ^ 

must be maintained or the bai’rel has a protruding side paib j,fi(,nate 

venoclysis syringe. The raised bottom line and the cydindrieal egs, P ^ 
in length to the height and width of the rack, insure stability, 
made throughout of stainless steel. 


42-20 Kissena Boulevard 


GONOCOCCUS COMPLEMENT FIXATION TEST 


Albert M. di Gioia, A.B., San P'rancisco, Calif. 


JN 1911, Seliwartz and JIcNeal emphasized the necc.ssity of using polyvalent 
antigens* in the gonococcus complement fixation tests because they believed 
tile gonococcus belonged to a heterogeneous family. Until now, except for 
various research investigators, interest in the test lias waned for tlie following 
reasons: first, the test would give no information in known acute or subacute 
eases; second, most laboratories were unable to olitain suitable antigens and 
positive controls; third, irregularities in the performance of the test. After 
a study of over 800 blood samples in tliis laboratory, we have attempted to 
eliminate some of the diTficultie.s in the performance of the test. As a result, our 
experiences have been gratifying. 

The following teclinique of the test is similar to that of Kolmer with certain 
modifications by this laboratoiy : 

Sohitions and Reagents . — 

1. 0.85 per cent sodium chloride in distilled water. 

2. 2 per cent sheep cells, defibrinated or eitrated. 

3. Anti-sheep hemolysin, the titer of which has been previously determined. 

4. Complement — freshly pooled sera from tlirce or more guinea pigs. Com- 
plement may prove to be one of the greatest sources of error in the test, thus 
making interpretations l)y the sei’ologist difficult. Tliomson, Park, and Hamann 
realized the instability of the complement and recommended the combined titra- 
tion for both fixing and hemolytic powers. However, we found their procedure 
a somewhat laborious one. Tlie hemolytic and fixability fractions can be assured 
by using the pooled sera of many guinea pigs, which wlien kept under optimum 
conditions of freezing or preservation and daily titration, will give good results. 

In our laboratory pigs were bled once every week and the sera frozen in 
the refrigerator, 1 c.c. being placed in each of several test tubes. No comple- 
ment after being thawed was returned for refreezing. 

5. Patient’s serum heated at 56® C. for fifteen minutes. Milky or hemo- 
b'zed sera are to be avoided. 

As is recommended by Cohn, the inactivated serum is stored in the 
refrigerator overnight. Using freshlj^ inactivated sera seems to give false 
serologic results due to increased lability of reactive substances. 

Employing the use of sheep cells to remove native amboceptor is to be 
discouraged because of the number of anticomplementary reactions which 
31'e liable to occur. Too, lai-ge amounts of amboceptor are not easily removed 

one absorption. The number of zone reactions which occur are so negligible 
lhat such technical complication is siipei'fluous. 

6- Gonoeoecus polyvalent antigen. 

‘Best polyvalent antigen available to us was donated by Parke, Davis ^ Co. 
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Hemolytic titration: As bacterial antigens are rarely hemolytic, ftiis 
titration may be completely omitted. ■ 

Anticomplementary titration : It is sufficient to titrate after the prepara- 
tion of the antigen, and once every two months thereafter. 

Antigenic titration : It is sufficient to perform this titration only once 
in every four to six weeks, using suitable ])Ositive control. In any case, the 
dose (2 units) employed in the test should be one-half to one-fourth the anti- 
complementary unit. 

Table I 


Antigen Titration Using Heated GoNocorcus-PosiTivn Sera 

Antisera are not advisable as the antibodies vary so that the antigenic unit fluctuates ac- 
cording to the antiserum used. The antigenic unit is taken as the sm.allest amount of auligcn 
giving complete inhibition of hemolysis. Two antigenic units are employed in tlio test. 


ANTIGEN 

0.5 c.c. 


HEATED POSI- 
TIVE SERA 

1:5 

c.c. 


COMPLEMENT 
2 PULL UNITS 
C.C. 


SENSITIZED 
SHEEP CELLS 

’c.c. 


1:10 

0.5 

1 

37° C. water 

1 

.^7® C. ^vatcr Kead 

1:15 

0.5 

1 

bath for 2 

1 

bath for one 

1:20 

0.5 

1 

hours 

1 

hour 

1:25 

0.5 

1 


i 


1:30 

0.5 

1 


1 


1:35 

0.5 

1 


1 


1:40 

0.5 

1 


1 


1:45 

0.5 

1 


1 


and higher 
up to 1:500 








Table 

n 




Complement Fixation Test ^ 

Headings are made as positive, doubtful, or negative. Positive is of 

Iiibition of hemolysis in one or more dilutions of serum; doubtful, by .siigia 
hemolysis in one tube only. ' 


TUBE 


SERU.M 

c.c. 


SALINE 

C.C. 



COMPLE- 

SENSI- 

ANTIGEN 

MENT 

TIZED 

2 UNITS 

2 FULL 

SHEEP 

C.C. 

UNITS 

CELLS 


C.C. 

C.C. 


1 

0.3 

0.2 

0.5 

1 

6° to S° C. 

2 

0.2 

0.3 

0.5 

1 

refrigerator 

3 

0.1 

0.4 

0.5 

1 

for G to 8 

4 

0.05 

0.45 

0.5 

1 

hours 

Serum 

0.2 

0.3 

0.0 

1 


control 

Antigen 

0.0 

0.5 

0.5 

1 


control 

Positive 

0.2 

0.3 

0.5 

1 


control 

Negative 

control 

0.2 

0.3 

0.5 

1 



070 c. head "■j"’" 

water 
hath 
for 
one 
liour 


eleaie*3 


of positivcncs5 
: cases 
a largf 


Complement Fixation Test. — No evaluation of the degree cases 

was attempted, but since the gonococcus antibody is produced iR 
in small amounts, we have employed 0.3 c.c. of serum in the first tu 

amount than usual. ouantities of 

The sensitized sheep cells were prepared by mixing equa^ 

2 per cent cells with two units of amboceptor and 1 c.c. of the mix u 
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to each tube both in the test proper and the antigenic titration. The reactions 
have been clearer-cut and faster. 

We found that icebox incubation for six to eight liours was superior to 
fifteen to eighteen hours as it decreases the number of anticomplementary re- 
actions and nonspecific positives. This may be explained i)y the fact that there 
is less destruction or absorption of complement in a shorter incubation period. 

Readings of the test are made when antigen, serum, and negative controls 
have all cleared. This usually takes from ten minutes to twentj’’ minutes. In 
this way weakly positive tests are not overlooked. 
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HEMATOCRIT TUBE CLEANER* 


Arthur C. Stirling, M.D., Rochester, N. Y. 


'^HE elcaniiig and drying of fine bore hematocrit lubes of the AViutrobe type 
^ have been for some years a problem to the laboratory teelmician, intern, or 
Tuedieal student. Since the use of the hematocrit tube for blood sedimentation 
and erythrocyte volume determinations is con.stantly extending, especially in the 
study of artiiritis and in following the progress of tuberculosis and other infec- 
tions, there seemed to be merit in shortening at least one step in the process. The 
various methods employed to date have been time-consuming, bothersome and, 
tile blood is caked from long sitting, sometimes inadequate. The apparatus 
here described shortens the cleaning process to thirty seconds and eliminates 
the tediousness of other mctliods. The cleaner is conveniently used with equip- 
ment found in practically all hospital laboratories. 

The cleaner consists of a chromium plated metal tube designed as illustrated 
Pig. 1. The short arm is beveled and fits into the end of a rubber tube at- 
tached to a suction system ; the same apparatus employed in cleaning the ordi- 
nary hemocytometer pipette may be used. The long arm, made of smaller bore 
stock, is long enough to extend nearly to the bottom of a Wintrobe hematocrit 
bibc. In position for nse this cleaner arm fits loosely inside the tube. 

From the University of Rochester School of Medicine and Dentistry. 
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Suction is applied at tlie beveled end which is connected to tlie rubber tifc. 
The hematocrit tube to be cleaned is slowly lowered over the long arm; tbesetam 
and packed blood cells are thus in great part removed. The cleaner vritli th 
hematocrit tube still in place is lowered into a wide-necked bottle containm? 
water (Fig. 2). Water is sucked npwai-d around the arm of the cleaner info ilie 
hematocrit tube and hnallj’- through the cleaner to the waste reservoir; tbe 
stream of water thus quicklj' removes clots of blood remaining in the tiik 
Agitation of the water,' accomplished by repeatedly raising the tube above tk 
surface of the water permitting bubbles of air to enter, increases the speed of fk 
process. 



Fig-. 1. 


Fig. 2. 


-Hematocrit tube cleaner showing beveled short arm for 


connection 


inetboS 


at e-'* 


siaiibf 


Fig. 1. 

system. . 

Fig. 2. — Hematocrit tube cleaner witli Wintrobe tube in place showi 
with cleaning fluids. 

Following the use of water the cleaner and tube are lowered m 
manner, first into a bottle of alcohol which removes the excess grf 

ether which removes the alcohol. Only small amounts of alcoho an 
needed if ample water is used. When the hematocrit tube is slowlv 
the cleaner, it is thoroughly dried upon evaporation of the ether bj ® 
into it 

J. Bott of 

others who 


.r, 

Grateful acknowledgment Is expressed to Mr. Baj-mond ’ ■”— » 

Dr. John S. Lawrence, Dr. Doran J. Stephens, and numerous - 
stantially in the development of this Instrument. Corporation, 


N, Y. 


The style of cleaner shown in Fig. 1 is available from 



CHEMICAL 


A. METHOD OP COLLECTING AND TKANSPORTING SMALL BLOOD 
SAMPLES FOR HEMOGLOBIN DETERMINATION* 


Mary B. Ewing, A.B., and N. R. Blatherwick, Ph.D. 
New York, N. Y. 


*T^HE following procedure was evolved when it heeame desirable to determine 
the hemoglobin eontent of the blood of certain applicants for life insurance 
living at a distance from the laboratory. It allows the colleetion and trans- 
portation of small blood samples in a suitable condition for the determination 
of the hemoglobin content. The method is published in the belief that others 
may find it useful. 

Blood is collected by capillary attraction from a finger-tip puncture into a 
roughly calibrated glass tube from which it is transferred into an accurately 
graduated pipette on being received in the laboratory. The tubes are lined with 
a small amount of hemolytic reagent and anticoagulant which are intimately 
muted with the blood just after collection by tilting the tube and allowing the 
Wood to flow from one end to the other. The tube is then sealed at both ends 
with plasticine and is sent to the laboratory in a kit designed for this purpose. 

The kit consists of a cardboard carton containing two cellulose acetate tubes 
with metallic screw caps. One tube holds a spring lancet for making the finger- 
tip puncture, the other carries three capillary tubes, one of which is sealed with 
plasticine to show how this is done, the other two are prepared for the blood 
collection. Only one tube is needed but an extra one is included in ease of mis- 
hap to the first. The plasticine is packed into a screw cap like those used to 
close the cellulose acetate tubes and is inserted in a glassine envelope for pack- 
lag. To seal the blood tube after completing the collection, the ends are pressed 
through the plasticine against the metal cap several times until about % inch 
of the bore is compactly filled. A bundle of slides, each in a glassine envelope, 
's bound with a rubber band and included in the outfit if an e.xamination of the 
blood film is desired. Directions for taking the biood sampie are printed on a 
foider which is wrapped around the two container tubes when packing them in 
the maiiing carton. The outfit is sent as first class mail and requires only 12 
cents postage. Similar kits are used for blood samples taken during sugar tol- 
erance tests and for the Kline serologic test. 

The capillary collection tubes are made from the smallest bore regular glass 
tubing available. The tubing has an outside diameter of 3 mm. and a bore of 
approx imately 1.4 mm. It is cut into lengths of 5% inches, and the ends are 

From the Biochemical Laboratory of the Metropolitan Life Insurance Co., New York. 
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smootl^d down hy rubbing on emery cloth or a similar abrasive. The tubes .re 
maiked with laboratory ink 4 inches from one end, tlie point to wliieh bW 

^ laboratory the plugged ends of the tube are M 
nd bioken off, and the blood is transferred from the tube to a 0.1 c.e. Folin 

eapi aiy pipette by placing their tips together and allowing the blood toilow 
into the pipette. 


Potassium oxalate is used as an anticoagulant and saponin to hemolyze (lie 
blood ceils. The blood must be hemolyzed when it is freshly drawn, otherra 
e ce s ai e likely to settle along the bore of the tube or at one end and cannot 
attemvards be as thoroughly mixed with the plasma as this method requires. 



and mailing- small Wood samples for hemoglotin w- 

QtS;r hXing Alms. One cellulose acetate tube cOTtaining the of 

the mailer are in the bottom of the mailer. The inner and outer ^ 

plasticine are restin^^Ar. Tv!® containing the plasticine and the specimen r lallft- 
Tim glasi slWe? paper. The blood tubes are shown at the 

xne glass siiaes, glassine envelopes, a lancet, and a copy of the directions are also P 


ilcturfd- 


Betiveen the time of collecting and analyzing the blood, a measiirahlc am® 
of methemoglobin foims at the expense of the oxyhemoglobin. The anal} sis ^ 
therefore, made according to Wu’s cyanhemoglobin method* ivliich v jj, 

both forms of hemoglobin. Oxyhemoglobin is first converted to nictheniOc 
by adding potassium ferricyanide, aud the methemoglobin is converted 
hemoglobin by the addition of potassium cyanide. The same procedure is^ k 
plied to a standard blood solution, which has been adjusted to an 
of 4 volumes per cent by the manometric method of Sendroyr A 
comparison of the blood samples with the standard gives their oxygen capae .• 


EWINU-DLATHKKWIUK ; BLOOD SAMPLES FOB HEMOOLOBIN DETERMINATION 397 


PREPARATION OP THE BLOOD TUBES 

One-fourtli gram of potassium oxalate (K.CjO, + H^O) is dissolved in 2 c.c. 
of water in a 50 c.c. volumetric flask and 95 per cent ethanol is added until the 
oxalate is precipitated. 

Bight-tenths gram of saponin is mixed with a little alcohol in a small beaker 
until smootli and rinsed with alcohol into the 50 c.c. flask containing the oxalate. 
The volume is made up to the mark with alcohol. 

After thorough mixing, 2 or 3 c.c. of the alcoholic suspension are poured into 
a small beaker. The collecting tubes arc filled to the mark to whieh blood is to be 
collected, and the particles are allowed to settle along the bore. Then a fold of 
an absorbent towel is applied to the tip of each tube in turn and the alcohol is 
drawn off as nearly as possible, leaving the oxalate and saponin in the tip of the 
tube. A slow current of air is then blown through the tip of the tube from a 
rubber tube, spreading the particles in a thin film in the bore of the tube. 

DETERMINATION OP HEMOGLOBIN 

A quantity of blood (15 or 20 c.c.) is standardized by the oxygen capacity 
method and diluted with 0.4 per cent ammonia solution to an oxygen capacity of 
4 volumes per cent. This solution may be kept in an amber bottle in a re- 
frigerator for a month or tivo without appreciable change. 

One cubic centimeter of the standard blood solution is delivered into a 20 
c.c. volumetric flask and diluted ivith 4 c.c. of 0.4 per cent ammonia solution. 

Two ciibie centimeters of 0.4 per cent ammonia solution are placed in a test 
tube accurately graduated at 10 c.c. One-tenth cubic centimeter of blood is 
delivered into the tube, and the pipette is rinsed several times with tlie ammonia 
solution. 

One-fourth cubic centimeter of 0.4 per cent potassium ferrieyanide solution 
IS added to the blood sample and 0.5 c.c. to the standard. After twenty minutes 
0.25 c.c. of 0.1 per cent potassium cyanide solution i-s added to the unknown and 
0.5 c.c. to the standard. At the end of five minutes both solutions are diluted to 
the mark with water and the unknown is read against the standard in the 

colorimeter : 

20 S 

■ ^ = Volumes per cent ox 3 ’gen capacitj’. 

The cyanhemoglobin color is very stable, thus lending itself admirably to 
photoelectric and photometric determinations. We use the Leifo photometer 
made by E. Leitz, and for such readings the blood samples are diluted four times 
aiore than lor colorimetric determination. 

EXPERIMENTAL RESULTS 

A series of 35 blood samples was kept at room temperature for periods vary- 
■ig from four to nine daj’s, and the results were compared with the original 
' obtained on freshlj* draivn samples which contained neither oxalate nor 
saponin. The results are given in Table I. It will be seen that the figures for 
e preserved samples.pre in good agreement with those for the original samples, 
le Values for the kept samples did not vary more than plus or minus 5 per cent 
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from the original values. During a period of five month-s we liave received lOS 
blood samples collected by medical examiners in all parts of the country These 
were entirely satisfactory for hemoglobin determination. Six samples we not 
collected satisfactorily. Tliis is a good result wlien it is recalled that the pro- 
cedure is a new one for the examiners. 


Tabi.k I 

Oxygen Cai-acity or Fr.F.sii anp rnESEUVEn Blood Samples 







A DISTILLING APPARATUS AND A PROCEDURE FOR THE 
DETERMINATION OF ALCOHOL IN BLOOD AND URINE* 


George W. Johnston, M.S., and R. B. Gibson, Ph.D. 
Iowa City, Iowa 


T he apparatus permits the rapid distillation of tlie alcohol from blood or 
urine and its oxidation to acetic acid with diehromate and sulfuric acid under 
reflux. Thus the loss of alcohol and of the intermediate oxidation product, 
acetaldehyde, is avoided. Ground glass connections tlirougliout and ease in 
cleaning reduce the chances of contamination witli organic material to a mini- 
mum. Tlie determination is simple. The specimen, mixed in picric acid solu- 
tion, is distilled (Nieloux)' into diehromate solution, sulfuric acid is introduced 
through the reflux tube for tlie oxidation, and the excess diehromate is titrated 
in the receiving flask when cool with a ferrous sulfate-methyl orange mixture 
(Harger).® Duplicate analyses check usually within 1 per cent with a maximum 
error of not over 2 per cent. 

The apparatus, of p}Tex glass, is shown in Fig. 1. Duplicate distillation 
flasks and three or more receiving flasks are desirable. The total cost should not 
exceed $50. A microburncr is employed for heating. The apparatus is assembled 
ivith clamps and rings on an iron laboratory support stand. The set-up requires 
but little table space and may be left assembled for use. 

ANALYTICAL PROCEDURE 

Solutions. — 1. Standard diehromate, exactly 2.128S Gm. of potassium di- 
chromate (analytical) are dissolved in and made up to 1,000 c.e. with distilled 
water. 

2. A saturated solution of picric acid (recrystallized), approximately’ 12.5 
Gm. to 1,000 c.e. 

3. Titrating solution, a mixture of 60 c.e. of 50 per cent (by volume) sul- 
furic acid, 40 e.c. of 0.1 per cent methyl orange in N/40 sodium hydroxide, and 
2 c.e. of ferrous sulfate solution (50 Gm. cry’stals and 30 e.c. of concentrated 
sulfuric made to 250 e.c.), the mixture to be prepared the day the analysis is 
done, and cooled to room temperature before using. 

The Analysis. — The apparatus and other glassware used are to be chemically' 
clean. Pipette exactly 10 c.e. of the diehromate solution into each of two re- 
ceiving flasks and into two 250 c.e. Erlenmeyer flasks (to standardize the 
titration mixture). Introduce 20 e.c. of picric acid solution into each distilling 
flask along with a few chips of unglazed porcelain. Connect one receiving flask 
to the c ondenser. Pipette 1 c.e. of blood (after mixing the specimen) or of urine 

Pathological Chemistry' Laboratory of the University Hospital, the State Unl- 
Recelved for publication, April 29, 1940. 
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into one oi‘ the distiiling fla.sks, atlacli the fractioiiating-cohnecting colmiin, 
mix bj" rotaiion, and coiineet on a support ring and gauze to the condenser. See 
that tlie ground glass joints fit properly. Distill over about 10 c.c., turn off the 
Inirner, and remove tlic connecting column and distilling flask. Pour slowlj 



Fie. 1. 

1 of the 

about 20 c.c. of concentrated sulfuric acid through the reflux tu yjie 

denser into the receiving flask and mix by lifting and rotating t „iin- 

heat generated by the sulfuric acid suffices for the oxidation. ^ 
utes disconnect the receiving flask and cool to room temperature 
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distillation and oxidation for a duplicate determination. Next add 10 c.c. of 
water to each of the blank .standard diehromate flasks and 20 c.c. of sulfuric acid, 
and cool to room temperature. The blanks and the unltnowns in the receiving 
flasks are titrated with the red reducing titration mixture from a burette. The 
color change is from an orange or .vellow-grecn through a clear green to a solution 
with a slight reddish tinge. The end point is sharp and most satisfactor 3 -. 

Calculation . — Ten times the distillate titration is divided by the blank 
titration, and the result is subtracted from 10.00. The figure thus obtained, when 
multiplied b.v 50, gives the milligrams per 100 c.c. of the sample. 

The apparatus and procedure described permit certain refinements for the 
determination of blood and urine alcohol content which should appeal to and 
will he recognized by the competent analyst. Kcgardless of the analytical pro- 
cedure employed, results which are presented as evidence in court should be 
checked by analysis in duplicate, a eustomarj- requirement for reliable com- 
mercial testing and for research data. The anal.vtical method outlined above will 
facilitate such checking. 

Acknowledgment Is made to Mr. Herman Wiegand of the Department of Chemlstrj* for 
suggestions as to design and for the construction of tills apparatus. 
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A RAPID SIMPLE TEST FOR SULFANILAJIIDE AND ITS 
^ERWATI^^3S*‘ 


JIiLTON jM. IIartji.vn, M.D., San Francisco, Calif. 


l^NOWING the desirability of having an instantaneous simple test which 
employs only one common, cheap, and stable reagent for dnigs of the 
sulfanilamide group, I wisli to report my original application of an old and 
bitlierto overlooked principle of organic chemistry. Tlie reagent is one whicli 
most physicians probably already have in their offices. The test is applicable 
quantitatively to urine and qualitatively to other body fluids. 

The tests heretofore, which are all either the original Marshall test or a 
modification of it, require the diazotization of the amino gi’oup on the benzene 
ling with nitrous acid and the coupling of the resulting compound in acid 
solution with dimethyl-alpha-naphthylamine (or a similar compound). An 
dye, usually red or pin^ple, is thus formed and compared with a similarly 
I'cated standard solution in a colorimeter. This test, while vciy accurate and 
sensitive, requires four reagents, two or three intermediate filtrations, and for 
fast technician at least thii'ty minutes to perform all the steps and ob* 

From the Department of Medicine, Stanford University Medical School. San Francisco, 
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tain complete color development. All Ihi.s-, plus the necessity of having to make 
up the nitrite solution fresh each time, the exjiense and often nonavailahility 
of the coupling reagent, and the inevitable high cost and delay in obtainin? 
the desired information, result in such tests being applied much less frequently 
in ordinary clinical practice than they should be. 

In my fe.st the simple addition of para-dimethylaminobenzaldebyile 
(Ehrlich’s reagent) in an acid solution to the tissue fluid produces an imme- 
diate bright yellow color. In this tc.st the aldehyde grouj) of the reagent reacts 
with the free amino group on tlie benzene ring of the .sulfanilamide, sulfapy- 
ridine, or sulfathiazole, etc. 


'll 
’H/ 




./ 


! It ! 

= 0. \X_/ v„ 


11 I 


I 
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Clh. 

II .0 + >N- 
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s_C = A’ • 
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Ite.ageut Ariitiiic Derivative Colored Rcattioa Pre- 

In the accompanying structural formula E may be any of numerous ladicals 
in the para position. It may oven be a hydrogen atom, for ordinal.! am'™ 
gives a positive test. In order that the reaction may lake place, it is necessary 
that the NH., (amino) group he unchanged; if even one of tlm H 
replaced hy another radical, the reaction is hloekcd. Therefore it is a t« ax 
free (unciianged) sulfanilamide. In man these compounds ai’c change 
a varying degree to the monoacctvlaled form. For example; 


II Oi II 

I II! I 
H— C— C— N- 

I, ! 


O It 

N —I — 11 pivru-acctvlaminobenzcnesulfonamiilc 

II I 

O 11 


If the total (free jilus acetylated) amount of these compounds is {[le 

necessary only to heat with hydrochloric acid; in the resulting h> g^J^iiarly, 
aeetjd group is split off and the original componnd is obtainc . , 

acetanilid (CH,.CO.NH.CJfJ does not give the test, but when h is .• 
by beat and acid with the iiroduction of aniline ® 

tained. . a 

In oi-der to understand the application of the test and its lim 
brief study must be devoted to po.ssible interfering substances ana i 
tion. (Most of these interfere with the Marshall test also.) 

1. The reagent itself is yellow, and correction must, therefor , 

for it in a quantitative test. ^^ 15 ^ to 

2. Bilirubin (bile pigment) in serum or urine imparts a ye jj,g 

it. Dilution of the urine to 1 .-200 usuall.v eliminates this inter cald'®’ 

amount of biiinrbin is excessive, it may be precipitated out as ms 
bilirubinate by the addition of calcium chloride solution. 

3. Urobilinogen in urine yields a pink color upon addition of ^ 
Dilution of the urine to 1:200 does away with this interference ru^^^ goliition 
all cases. Shaking the urine with a few drops of hydrogen pero. 
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to oxidize the uroliiliiiosen to urobilin (whieli is nonreaetivc) is an additional 
precaution; this prevents the pink color formation even in concentrated urine. 

4. Other urine pigments can be disposed of by diluting the urine so that 
there is no perceptible yellowne.ss and then applying the test. The urine may 
he diluted freely, for the compounds are detectable in a dilution of 1 ;5, 000, 000. 

5. Some drugs have a free amino group attached to a benzene ring. These 
would rarely be present without the knowledge of the ph.vsieian, the drugs in 
question being procaine and the antisyphilitic arsenicals, arsphenamine, neo- 
arsphenamine, mapharsen, etc. 

6. Urea yields a faint yellow color when tested with the reagent, but since 
the test is about 500 times more sensitive to sulfanilamide than to urea, dilution 
of the urine or blood filtrate disposes of this interference. 

7. Drugs with an acetyl-amino group attached to a benzene ring which 
yield a free amino-benzene group on acid hydrolysis would interfere in the 
determination of total sulfanilamide. The only two compounds in this class 
are acetanilid and acetphenetidin (CII,.CO.NH.C,iHj.O.C;H 5 ). Neither of these 
compounds is ordinarily administered to a patient being treated with sulfanila- 
mide or its derivative.s, the lione marrow already being subjected to sufficient 
hazard. 

S. Sodium nitrite yields a yellow color also, but the amounts administered 
would rarely if ever be quantitatively significant, and the color reaction is 
four times more sensitive with sulfanilamide and its related compounds. 

9. Alkalinity causes interference because the reaction is obtained only in 
acid solution. The reagent and .sulfanilamide yield no color in an alkaline 
solution, but the yellow color appears immediately upon acidification. The 
reagent is, therefore, prepared in concentrated hydrochloric acid as follows ; 

Para-dimethylaminobenzaldehyde 1.57 Gm. 

Concentrated hydrochloric acid, C. P. 20.00 c.c. 

Distilled water to make 100.00 c.c. 

This formula is very similar to Ehrlich’s reagent, which is already universally 
used as a test for urobilinogen in urine. The aldehyde is much more soluble 
m acid solution than in neutral solution. The exact proportions of reagent and 
acid were arrived at by experimentation to obtain the greatest color change 
in proportion to the color of the reagent itself. After the addition of the 
reagent the liquid to be tested should be definitely acid to litmus paper. If 
It is not, hydrochloric acid should be added until it is. This is partieularlj' 
important with blood plasma and .scrum which arc liighly buffered at a pH of 
about 7.4. Protein precipitation may cause some interference and necessitate 
filtration. Excess acidification of any fluid is to be avoided because it reduces 
the color response after a certain point. 

10. All other usual drugs, alkaloids, inorganic salts, glucosides, etc., do not 
interfere. The test was applied to all the remedies mentioned in Useful Drugs. 

quantitative DETERMINATION OF FREE SULFANILAJIIDE, SULFAPYRIDINE, AND 

SULFATHUZOLE IN URINE 

This method employs the Klett-Summerson Photoelectric Colorimeter with 
Its No. 42 (blue) color filter. The results obtained agree exactly with those 
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obtained by the diazotization methods (after tlie corrections which the latter 
require). All figures refer to readings on tliis instrument with distilled water 
at zero, and for those who do not posse.ss .such a colorimeter the figures ob- 
tained can he used as a basis to establish a set of color standards or as a basis 
upon which the usual colorimeter can he used. Directions are as follows; 

1. Fill a Klett tube with distilled water and adju.st colorimeter to give 
zero reading. Discard water. 

2. Prepare a 1:200 dilution of the lU'ine. To 10 c.c. of this solution in 
the Klett tube add one di'op of hydrogen jrero.xide solution and invert several 
times. 

3. isote reading R„. This usually runs from one to five but may go up to 

ten. 

4. Add exactly 0.2 c.c. of reagent and invert several times. 

5. Note reading R„. 

6. Calculate by use of formulas to find concentration in the diluted urine. 
JIuItiply by 200 to get concentration in original urine (undiluted). 


R.,-R„-0S 

7.5 


Part.s per million of sulfanilamide 


Rn-R„-0S 

5.18 

Fn-R.,-9S 
5.0G 


== Parts per million of .sulfapyridine 
Parts per million of .sulfathiazolc 


The figure 98 is obtained as follows: 0.2 c.c. of reagent in 10 c.c. of dis- 
tilled water gives a reading of 96 with several brands of pure para-dimethji 
aminobenzaldehydc that the author has been able to obtain. (It might be well 

to check your own suppl.v of this compound and adjust the concentration so 
that this figure is obtained, or to note the v'alue that you obtain 7^®*^ ' 
In a 1:200 dilution of urine the urea present adds 2 to this figure, 

By way of orientation it may be noted that 1 :10,000 potassium dichroma J 

rv. . — . . _ i accurate '"■itn. 


(icterus index 1.0) gives a reading of 106.0. The test is most 
values in the diluted urine of 2 to 30 parts per million. If more is obtaine , 
the use of a 1 :400 dilution is adv'isable. 

If a Klett colorimeter is not available, there are two other alteinat 
which give satisfactory results. The first is to match the color obtained 
a set of permanent (stoppered) standards jrrepai’cd from potassium dichrom 
For example: 

0.0094% K,Ci-.0, = 100.0 Klett = Appro.x. zero p.p.m. 

0.015% K,Cr,0; = 159.0 Klett = 7.9 p.p.m. Sulfanilamide 

0.02% K,Cr,0, — 212.0 Klett = 15.0 p.p.m. Sulfanilamide 

0.025% K.,Cr,0. = 2G5.0 Klett = 22.0 p.p.m. Sulfanilamide 

0.03% K„Cr'0( = 318.0 Klett = 29.0 p.p.m. Sulfanilamide 

That is, Ra is obtained by comparison, and Rn is arbitrarily set at 2 in 
calculation fonnulas for the appropriate compound. The other po- 

to compare the color obtained in an ordinary colorimeter with ’-jjjpcra 
tassium dichromate, assigning to the latter the value of 106 and ob ai = 
value for Ra- A value of 2 can be assigned to R,, and the formulas apP 


the 
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QUANTITATHT. DETERMINATION OF TOTAL (FREE AND P-UtA-AOETITLATEo) 
SULFANILAMIDE, SULFAPYRIDINE, AND SULFATHIAZOLE IN URINE 

Heat 1 c.c. of urine and 1 c.e. of 2 normal hydrochloric acid in a covered 
beaker in a water bath (boiling) for thirty to sixty minutes. Let cool. Neu- 
tralize to litmus with 2 normal sodium hydroxide. Add water to make up to 
200 c.c. Run determination as for free comiiound omitting the hydrogen perox- 
ide, whicli is no longer necessary. 

APPLICATION OF TEST TO OTHER BIOLOGIC FLUIDS (BLOOD, CEREBROSPINAL FLUID, 
GASTRIC CONTENTS, EXUD.VTES, ETC.) 

The test is applitjahle qualitatively, but there are so many uncontrollable 
factors affecting tlie final yellowness that quantitative estimations are very un- 
reliable. The more accurate diazotization method is to be preferred for quan- 
titative work on such fluids. In using trichloracetic acid filtrates of blood it 
is found that the color response is cut down below a usable level. In trying to 
use ethereal and alcoholic extracts of blood, we find that the varying color and 
turbidity plus the yellowness of the reagent cause insuperable difficulties. 

Note: The solution of the reagent in acid decomposes only very slowly under ordinary 
conditions. This change cun he furtlier minimized by storing the solution in a cold, dark 
place when it is not in use. 


A SIMPLIFIED UREA DETERMINATION FOR ROUTINE 
BLOOD CHEMISTRY* 


H,vns Noebert Naumann, M.D., Louisville, Ky. 


'T^HE determination of urea in blood can be simplified by placing urease, to- 
^ gether witli oxalate, in specimen bottles, so that the blood, still warm after 
withdrawal, is in contact immediately with urease. The urea, converted almost 
instantaneously, can then be determined by direct nesslerization in Folin-Wu 
filtrates which at the same time seiwe for the common routine determinations. 


technique 

One volume of sodium oxalate and two volumes of jack bean powder are 
mixed by shaking in a large brown bottle which serves as stock eontainer.t For 
use, the powder mixture is filled into a salt cellar with a 5 mm. opening in the 
capj and the desired powder quantity obtained by tapping the cap of the salt 
cellar against the neck of the specimen bottle. (Accurate measuring is not neces- 
Mry as the blood to be placed into the bottle is, as a rule, not measured either. 
ue m illigram of oxalate per 1 c.c. of blood is sufficient; 20 mg. per 10 c.c. of 


rom tlie Long Island College of Medicine Division, Kings Count>* Hospital, Brooklyn, 
e present work was continued at the Jewish Hospital, Louisville, 
publication. August 31. 1939. 

has been ^^ixture, using jack bean meal of the Arlington Chemical Co., Yonkers, N. T., 

IS 1 room temperature for six months at a time. 

b^^red Slass salt cellars with screw caps of translucent plastic in which a hole can 
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blood offers a suitable excess. With a little experience, the volume of mked 
powder to be taken is easily recognized.) Immediately after placing blood into 
the bottle, the latter must be rotated for thirty seconds to insure .solution of the 
oxalate and even distribution of the urease. After live minutes at room tempera- 
ture the specimen is ready for ])reeipitation : Take 3 e.c. of blood and 24 c.c. 
of N/12 .sulfuric acid, rotate, and .set aside for a few minutes. Then add 3 c.c, 
of 10 per cent sodium tungstate, mix thoroughly, and filter through a 12.5 'What- 
man No. 1 (yield: about 20 e.c.). If the precipitation is red brown instead of 
black brown, usually caused by too much oxalate, add a drop of concentrated 
sulfuric acid. The reagents are best ke])! in 50 e.c. burettes connected nith 
storage bottles. 


For direct nesslerization 3 c.c. of Nessler’s I'cagcnt and 2 drops of 10 per 
cent gum acacia are placed in a test tube. Five cubic ccntimetei'S of filtrate «c 
blown into the reagent and comirarcd with 5 c.c. of a standard containing 
0.00707 per cent of ammonium .sulfate (equal to 1.5 mg. per cent N and 0.5 pet 
cent Na,SO.,) . Holding the tip of the pi])ettc at the edge of the te.st tube, blow 
ing as forcefully as possible, and directing the jet of filtrate direeth into t f 
Nessler reagent (prejoared according to Bock-Benedict) gives the cleaiest sou 
tions. Gum acacia (10 ])er cent in 0.25 i)cr cent benzoic acid) is added to 'eel 
the solution stable for at least thirty minutes. The addition of sodium su a 
the standard gives the same electrolyte concentration as in the filtrate, m 
identical color tinge and an identical faint, hazino.ss after standing. 
the 8 c.e. of unknown solution arc diluted with distilled water. 


Tahij; I '■ 

CoMPAHATm: Anai.ysis op Blood Sample.s 'WiTn and Without Addition or Ja 
PowDEn After Standixc 3 to d Hours at Boom Temperat 


analyzed for 

JIETUOD 

NO. OP SAMPIaKS 
ANALYZED 

JIE.VN OF ItESl 
JACK BEA 

NOT ADDED 

lilts in MG.Tt 

N POAVDER 
added 

mean of 

DIFFEKENCES 

Jl— 

-"u 

Glucose 

Polin-Wu 

125 

IIS 

125 

5.5 

Creatinine 

Folin 

52 

1.91 


7.7 

Uric acid 

Benedict 

2(5 

3.33 


3.2 

Chlorides 

Whitehorn 

21 

■JG9 

469 

30.0 

Nonprotein 

nitrogen 

Folin-Myers 

20 

36.9 

41./ 



Interference . — Before using 


for 

the described technique 

chemistry, it was necessary to investigate whether or not the a i 
bean powder to oxalated blood interferes Avith the common routine 
be seen from Table I that A\nth the exception of nonprotein nitrogen 
tions, the mean results obtained in samples Avithout addition 0 in 
Avithin the limit of methodical error Avith those obtained in sanip e^^ 
tion of jack bean. Nonprotein nitrogen Aurlues in samples contamn^o 
poAvder are too high and cannot be used. lioAvever, the addition^ gjneost. 
poAA'der to oxalated blood does not interfere Avith the determma 10 
creatinine, uric acid, and chlorides in the Folin-Wu filtrate. ^ oxakt^’ 

Glycolysis . — To prevent glycolysis it is possible to use, ins j,j the 

sodium fluoride, AA'hieh, on the other hand, retards the urease i-eadb” 

presence of sodium fluoride and high urea concentrations the enzj 
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takes al)oiit one hour at room temperature and about lialf an hour in the incu- 
bator (see Table II), wliile in normal blood the reaction is completed in about 
thirty and fifteen minutes, respectively. High values obtained after twenty- 
four hours arc due to the fact that ammonia is split off from protein as observed 
also by Sander. 

For longer preservation of l)lood samples, for sugar tolerance tests, in cases 
of diabetes, etc., the use of sodium fluoride is necessary. If urea is to be deter- 
mined in specimens containing sodium fluoride, completion of the liydrolysis of 
urea must be insured by allowing sufficient time for the reaction. For general 
routine work, however, oxalate is preferable, provided that the error due to gly- 
colysis is minimized by precipitating the blood either after five minutes or after 
a certain constant time, and allowing for the decrease of glucose concentration. 

Table II 


Glycolysis axd Urease Action in Oxal.\ted and Sodil'm Fluoride Samples of the 
Same Blood 


TIME 

OXALATED BLOOD AND 
JACK BEAN AT 20“ 

NaF BLOOD AND JACK BEAN 

AT 20“ AT 38* 

GLUCO.SE 

UREA 

GLUCOSE 

UREA 

GLUCOSE 

UREA 

5 min. 

81 

205 

79 

20 

_ 


15 min. 

70 

215 

_ 

S4 

81 

SO 

30 min. 

74 

198 

77 

117 

SO 

196 

< CO min. 

74 

195 

83 

197 

77 

215 

120 min. 

07 

205 

78 

195 

74 

205 

180 min. 

08 

215 

77 

207 

79 

199 

24 hours 

50 


86 

212 

91 

^oo 

. 48 hours 

15 

228 

90 

235 

- 

- 


COMMENT 

The method of adding urease to oxalalcd blood, incubation, and subsequent 
direct ncsslerization of the FoUn-AVu filtrate was devised by ^Myers in 1921. This 
principle Avas adopted also by Van Slyke and Plazin, but without incubation, and 
substituting Somogyi’s zinc*^ for Polin-Wu’s tungstic filtration. 

The technique of placing oxalatc-ureasc powder directly in specimen bot- 
tles, as described, was used in our department during the past year and proA'ed 
advantageous for the following reasons: (1) Time and labor saving. (2) Elimi- 
nates incubation, urease extiaets, and buffer. (3) Rapid action of urease. (4) 
Clear solutions. (5) No interfcrciicc witli routine determinations of glucose, 
creatinine, uric acid, and cliloride. 


SUMMARY 


A routine urea determination in blood has been described with the tech- 
nical feature of placing an oxalate-jack liean powder mixture in .specimen 
bottles effecting rapid hydrolysis of urea in the still body-warm blood. The 
urea is determined Iiy direct ncsslerization in the Folin-Wu filtrate which can 
be used also for other routine tests. 


Lone fchlll 1 Hamilton J. Crawford, Director of the Departnient of Medicine at the 

rrofes<sftrT^ Division, Kings County Hospital. Brooklyn, and Dr. Carl H. Gre<;ne. Clinical 

Sylvia TTfi 7 help and interest in the present * ' . -- 

_i_J^ieid. M.A.. for doing part of the analyses. 


1 ^Yish to thank also Miss 


ln,.rfe’S™“S‘;= 


copper filtrate likewise gives true sugar values and contains less substances 
Nessler’s reaction. It is free of uric acid. 
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KtFiiUliNCES 


3 . 

i. 

3 . 

0. 

7. 

8 . 
9. 

10 . 

n. 

13 . 

1 . 3 . 


Hkseafcif 25^/ Blood in 21 Hours, Indian J. M, 
"j«”Blood, of Uroa and Sugar 

Clin’. ^Uh."Tcch"'supp!‘2f'l53fl9^^^^^ ^Method for Doterminafion of Urea, Am,!. 

of Urea Nitrogen, J. Usir, A CUK.ifo. 

l)y Direct Nes.leriratio, 

"'^^o.^p.^a. ^ CJiemical AnnI.v.si.s of Blood, fit. Louis, 1921, T)io C, V. .lIo.% 

of Blood for Chemical Analysis, J. Biol, fflea.. 5Si 

Isi^Voi,” ■^' ^’■‘^•'*’ Comparison of Afetiiods, J. Lab. i- to. 

' ^Commer^’a'l Method for Urea Nitrogen in Blood Wicre 

Van ShTe n n r” Employed, .T. Lao. & Ci.in-. Med. 19: 640, 19SL 

istry 2; .'i3S,''l9.32 ^ Quantitative Clinical Cliem- 

Bioi. (dVem^^OO'^VOo'^^O^n^'^'*^'^ C>o Deproteinization of Blood, J. 

Urea 'iSUtVoffo Method for the Determination of Blood 

Wvoun H T ^p” ’-T Ifo,n.slcriaation, .T. Lau. A Cjak. Med. 17: 1256, 1932. 

in Blomi nn 1 'r'- • *^V'* ;^®e‘'>‘ate Methods for iJie Determination of Urea Mfrogen 
tn Hiood and Lr.no hy Direct Ne.ssicrizafion, .T. Lak. & Ct.tN. Mr.n. 22 : 3010, 3530. 
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TECHNIQUE FOR PROTIJROjVIBIN DETERMINATION 
IN BLOOD'* 


H. S. I-IoLMnoE, AI.D., and R. AV. 


rioLMnoE, B.A., Santa Barbara, C.thiF. 


^ I^sts ior protliromlriji eonjent of Wood iji general use are tlioseof QiM 
and Smith. The determination of prothrombin liy tbc teciffiitl™ 
0 iinkhou.s and Sniilli involves many reagents and is difficult to perforW' 
juie L however, Jm.s evolved a method Avhich is simple, accurate, and inexpoo- 
siAe, xit tliere are several objection.s to his technique; namely, tbe roogfflh 
must be made up fre.sh for each determination, the concentration of thromho- 
plastin IS variable, and tlic norjnal time value for the method is too sliort. This 
avois eiioi in reading and doo.s not permit the measurement of protlnonih"' 
levels above normal. 


It was felt that these objections to Quick’s method u'cre valid and tiwD^ 
mo 1 ed test might be evoh’ed Avhieh would overcome them. Eai'lj u' 
expel imental work ire investigated several sources of thromboplastin. oanKh 
Tie ^ lain tissue from the rat, guinea pig, rabbit, sheep, and man. Tlieuin 
^ T obtained ivitli these .sources of thromboplastin is sliw'n 

G . All tests were performed according to the technique of Quick. 
Subsequently the effect of varying tlie concentration of thromlwP^f* 
p asma, and ealciiim eliloride in different combinations Avas deterrain ■ 
lliese findings, as shown in Table II, may be summarized as foUmvs: 


Department of Pathology, Santa Bai-bara Cottage Hospital, 
a for publication, November 27, 1939. 
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Increasing the proportion of plasma decreases the prothrombin time. (2) 
Increasing the proportion of thromboplastin decreases the prothrombin time 
except in the case of thromboplastin from the rat. (3) There is an optimum 
concentration of calcium chloride for each type of thromboplastin. Increasing 
or decreasing this concentration prolongs the prothrombin time. (4) There is 
an optimal concentration of all reagents for each type of thromboplastin. 

Table I 


Average Values Are Given* With Standard Deviations for Eight Blood Samples 


THROSIBOPLASTIN FROM 

prothrombin time (seconds) 

Rat brain 

S7 ± 2.8 

Guinea pig brain 

201 ± lO..*? 

Rabbit brain 

32 ± O.D 

Sheep brain 

IIS ± G.2 

Human brain 

72 + l.S 


The tests weie made with optimum concentration of reagents (see Table II). 


After a series of preliminary experiments and primarily because of its 
stability, an ether-soluble, acetone-insoluble extract of sheep brain was chosen 
as a tliromboplastic agent for use in a modified technique. Its prepai’ation is 
described subsequently. 

MODIFIED TECHNIQUE 

1. Plasma from oxalated blood is used. A mixture of 4.5 c.c. of blood and 
0.5 c.c. of sodium oxalate gives sufficient plasma for several determinations. To 
separate the plasma from the cells, the blood is centrifuged for fifteen to twenty 
minutes at high speed to throw down as much of the tissue debris and as many 
cellular elements as possible. 

2. Into a small glass tube (serology tubes 3 by %g inches and 4 by Yo 
inches are adequate) 0.2 c.c. of plasma is accurately pipetted with a Kahn 
pipette. To this is added 0.2 c.c. of the thi’omboplastin solution. (Stock solu- 
tion is diluted with normal saline 1 :5 on day of test.) 

3. The mixture is incubated at 37° C. in the water bath for seven minutes. 

4. The tube is then removed from tlie water bath, the outside of the tube 
IS dried, and exactly 0.2 c.c. of calcium chloride is immediately added. 

5. The tube is then shaken to insure adequate mixing. It is slanted and 
rotated at fifteen-second intervals. The interval between the addition of the 
calcium chloride and clot formation is measured with a stop watch. This con- 
stitutes the prothrombin time. 


REAGENTS 


!• Sodium Oxalate: 1.34 Gm. of C. P. anhydrous sodium oxalate are dis- 
solved in 100 e.c. of distilled water. This solution is tenth-molar and is nearly 
isotonic. 


2. Thvomhoplasfin Stock Solution (ether-soluble, acetone-insoluble brain 
extract) ; A fresh sheep brain is washed in water. Tlic meninges and blood 
■vessels are carefully removed. The brain tissue is then cut into pieces as small 
^ possible and is dried with acetone. Repeated additions of acetone and grind- 
ing in a mortar facilitate this process. The final product is freed of acetone 
} centrifuging^ carefully decanting the acetone, and drying the powder in the 
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open air. The dry powder is tlien completely extracted witli repeated small 
portions of ether until no prcciiiitate is obtained liy addition of acetone. To 
the eoinhined portions of the ethereal extract, acetone is added until no more 
of the extracted material can he precipitated from the solution. Tlie precipi- 
tated substance is separated from the ctlicr-acctone mixture by centrifugation. 
It is then air-dried and kept in a stoppered vial in the icebox. The finished 
product is a light brown, waxy suhstanec which darkens on standing. A normal 
yield from an average sheep brain is about 5 to 10 Gm. In the preparation of 
the stock solution 0.25 Gm. of the substance is emulsified in 50 c.c. of normal 
saline, and aqueous merthiolate is added as a preservative to a concentration of 
1 ;100,000. The saline suspension is warmed to 56° C. for ten minutes to facili- 
tate mixing, and during this lime it is thoroughly sliaken. The finished produet 
is a homogeneous opalescent mixture which for test purposes is diluted 1 :5 
witli normal saline. AVe have kept the stock preparation in the refrigerator for 
as long as three to five months without the slightest evidence of deterioration. 
Brief experiments with a similar extract from rabbit brain revealed that it 
gave practically the same values for prothrombin time ns did thromboplastin 
from the sheep brain. 

3. Calcinm Chloride: 1.11 Gm. of C. P. anhydrous calcium chloride is dis- 
solved in 800 c.c. of distilled water, giving a final concentration of eightieth- 
molar. 

All reagents except the thromboplastin are stored at room temperature. 

DISCUSSION 

The essential factors involved in .such a test are multiple, each in turn 
having its separate influence upon the clotting phenomenon. Any test coneern- 
ing the clotting mechanism must attempt to keep the variability of these fac- 
tors at a minimum. The following techniques have been found most important 
and difficult to standardize: 

The proportion of oxalate to whole blood is very important, and the ratio 
of 1:10 should be strictlj’ adhered to. Experimentally, doubling the quantity 
of oxalate will increase the prothrombin time 200 per cent. A'arying differences 
m prothrombin times may be obtained by concentrations between these extremes. 
Slight hemolysis in the sample of blood doe.s not alter the prothrombin time 
appreciably, but gross hemolysis docs shorten it sufficiently to invalidate the 
determination. 

Although it is desirable to determine tbe prothrombin time of a sample as 
soon as pos.sihle, oxalated whole blood will usually keep satisfactorily in the 
icebox for twenty-four hours without material alteration in the level of pro- 
thrombin if the plasma is not separated from the colls. Individual samples of 
blood have been kept as long a.s seventy-two hours, with an alteration in 
prothrombin content of only about 15 per cent. Recent work in connection 
"'ith blood stored in “blood banks’’ indicates that most blood shows a marked 
deterioration of prothrombin within twenty-four hours and that it is almost 
depleted in forty-eight to seventy-two hours. The rate of destruction or fixa- 
tion is probably an individual chai'actcristic and cannot he predetermined. 

It is important that the concentration of all reagents, and particularly 
neutral salts, he maintained at a uniform level. Normal saline must be used 
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in tlie thromboplastie solution because an excess of sodium chloride will mate- 
rially delay the clot formation. This phenomenon is not univereal, and indi- 
vidual samples of blood vary in their susceptibility to this change. 

T.1DI.E III 


Test as OuTniKEn, U.sed ix Am. Cases 


IN’CUBATIOX 

rmop 

(minutes) 

rnOTIIKOMJJIX TIMK (SECOS*l>S) 

CASE 

SPREAD 

ATEF.AGE 

1 

2 

3 

4 

5 

() 

0 

101 

1.50 

370 

OOO 

200 

202 

121 

175.6 

o 

CO 

7S 

82 

SO 

SO 

85 

20 

79.5 

4 

(5.5 

82 

SS 

05 

93 

SO 

30 •' 

So.5 

0 

0.5 

71 

77 

SO 

70 

S3 

IS . 

74.3 

7* 

01 

mm 

74 

72 

00 

TO 

13* 

CS.S* 

8 

5S 


87 

02 

Si 

SO 

34 


10 

C>5 

S8 

09 

102 

S7 

96 

37 

89.5 

12 

os 

03 

304 

lOS 

04 

OS 

40 

94.2 


•AToto nitnlmum spread and shortest protJironibin time. 



In the reading of the test the end point is taken as tlie time j'' jjanj" 
ture first begins to show a fibrin web after gentle periodic jt mf.'' 

times this point is coincidental with complete clot formation. ^ of the 
precede complete clotting by ten to twenty seconds. /"'motion, 

tube after addition of the calcium chloride will delay tlie clot orn 
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During the formation of a clot it has been determined that the pH of the 
solution is only slightly altered toward the alkaline side. Samples of serum 
before, during, and after clot formation do not vary appreciably in their pH 
range. Conscquentl.v in most instances it is not necessary to regulate this fac- 
tor since the normal buffer systems existing in the blood plasma are sufficient 
to keep the pH within normal limits under conditions of the test. 


Table IV 


TIME CnOUF (SECONDS) 

CASES 

PER CENT 

55-()0 

15 

5.8 

Gn-fi5 

45 

18.1 

Gj*70 

59 

23.0 

70-75 

67 

2G.8 

75-SO 

58 

23.2 

80-85 

6 

2.2 

Totfil 

250 

100.0 


10 

(0 n 



The incubation period is the time interval during which tlic mixture of 
thromboplastin and plasma stands before the addition of the calcium chloride. 
Table HI shows the alteration in prothrombin times with varying periods of 
incubation. The period of incubation which gave the shortest prothrombin 
time and the most constant results was found to be seven minutes. The de- 
ciease in prothrombin time to an optimum at seven minutes' incubation is prob- 
nhly due to the maximum release and formation of thrombin from the plasma. 
It is probably necessary for a given concentration of thrombin to be formed 
efore it can act as an enzyme in the clotting mechanism. Although it is well 
known that, given sufficient time, a veiy small amount of thrombin can convert 
urge quantities of fibrinogen to fibrin, there is apparently an optimum concen- 
tration at which it acts. The spread of individual determinations is probably 
ue to the separate rates of release of thrombin or its precursor, prothrombin, 
by there is an increase in prothrombin time with longer than seven minutes' 
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incubation is not easily understood, since thrombin and prothrombin are W 
iievod to be very stalile. Some lis:lJt may be tiirown on this questio!! by the 
worlv of iilert?:, Seegcrs, and Smith,-® wlm have suggested that an antiprothrombis 
is formed wliich may l)e tliromt)in itself. 

In all tests involving colloidal chemistry unexplained variations commonly 
occur. If this fact is not recognized, considerable cri'or may creep into their 
interpretation. For tliis reason, it is advisable to evaluate a normal control 
with each sample of sup])o.sed pathologic blood. It is also advisable, nnltss 
there is other eliniea! eviderree of a prothrombin alteration, that all abnomul 
values be cheeked villi repeated specimens of blood licfore therapy is instiWed. 


Cr.I.VICAL EVALUATION* 

For purposes of clinical evaluation of this test samples of blood from 250 
consecutive patients admitted to the Cottage Hospital vere tested. None of 
these patients iiad clinical evidence of alteration in their blood protlirombin 
level. The spread of the entire 250 del ermiiiai ions vas from a minimum oio5 
seconds to a maximum of 85 seeond.s. Table JV indicates that the range oi 
normal values for fills lost lies hclvveen 60 and SO seconds, with an average o 
70 seconds since 92 per cent of the eases fall in this bracket. The deteiranni 
tions of the iirolhromhiii time can he converted to per cent of prothrombin .r 
considering the normal or 100 per cent to have a prothrombin time of lOsecon - 

NYe also used this tost as a diagnostic procedure on two patients irlioirere 
suspected of having lowered prothrombin levels of their blood. An 
was performed on one patient with advanced cirrhosis. 
valesceiice this patient developed bleeding from his gums and gnstrom es 
tract. Prothrombin dolerininatioii.s were made, and an initial lahie o 
seconds was found. Therapy with vitamin IC reduced this to 95 to lOOseco ^ 
with a marked cessation in bleeding within a period of twenty-fom 
.second patient had marked jaundice of an ohstnictive nature ^ j 

prothrombin time of nearly 200 seconds. Subsequent treatment with n ^ 
reduced this to 85 seconds in the course of three days. 


suAnrAKY ^ 

Due to the objeetion.s to the present tests in use for the 
prothrombin in blood, a modified technique has been evolved jim- 

these defects and in addition lias the es-sential factoi-s of stable 

plicity, accuracy, and economy. A new thromboplastie agent 
and easily prepared has been made from sheep brain. The mo i 
has been adequately tested clinically and has been found to be sa JS < 
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AN INEXPENSIVE ALTERNATING CURRENT PHOTOELECTRIC 

COLORIMETER® 


Russkll H. IMorgan, a^sD Sidkky Wkinhouse, Ph.D.I 

CnrcAGo, Imj. 


A RECENT communication' described an inexpensive direct-reading plioto- 
eleelric colorimeter snitalde for clinical use and designed to operate from 
small, portable dry batteries. In some circumstances the use of an insbument 
operated from alternatiirg current may be more convenient. Alternating cur 
rent colorimetei's that regulate their light source potential by means of so 
called comstant-voltagc transformers, however, have not been cnthelj sab 
factory. Their erratic performance can be traced to line-voltage raiiations, no 
completely minimized by the regulating devices that were a\aila e. « 
cently transformers with adequate control have been developed, making 
the modification of our battery colorimeter for use ■with alternating 
without loss of stability or imccision. The new model (Fig. 1) ® ^ 

structed easily by anyone familiar with electrical api)aratu.s from pm s o 
able at a verv low co.sl from anv radio or electric supply house. 


DESIGN' 

The colorimeter shown schematically in Fig. 2 operate.s as a 
instrument. A solution whose concentration is to be determined Js ^ 
to the usual chemical procedure prerequisite to a colorimetric a 

sample of the resultant preparation is placed in a test tube, an 
small incandescent lamp is projected through it. The transmitte ’^q. 
passing through a selective color filter, falls on the sensitive sui ace 
electric cell; in response to the radiation a small electric curxen is 
The current is amplified many times by a vaennm tube amp i ci 
corded by a milliammeter. This reading is transposed into 
concentration by a graph prepared after calibrating the ms 
samples of kno-wn concentration. 

The light source, L. 8., is a lens-end type, No. 222 Hlazda .j.]y loff 

This lamp by its unique construction provides abundant light a ffom 

filament temperatures, thereby assuring long filament life an 
undesirable heating effects. pyain- 

The selective color filters are of the Wratten gelatin variety an pH 

able from the Eastman Kodak Co. AVe have found four types Tliesf 

colorimetric examinations usually encountered in the clinical la 5$, 

are the blue, No. 47, used in blood sugar determinations; the A 

•From the Henrj- Baird Favill Laboratorj- of St. Luke’s Hospital, CWcag 
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used in hemoglobin, nonprotein nitrogen, urea nitrogen, uric acid, and creatinine 
determinations; tlic j’cllow. No. 8, used in calcium and pliosphorus determina- 
tions; and the red. No. 25, used in cholesterol determinations. The choice of the 
proper filter for otlier determinations will be discussed later. 

The photoelectric cell, Ph, is a rubidium-coated E. C. A. typo 926 phototube. 
Its spectral characteristics make it especially suitable for colorimetry. Although 
its current response to incident light is extremely small, expensive galvanom- 
eters or microammeters are not needed in its circuits because of the tube’s 
adaptability to current amplifier circuits. 



1. — The colorimeter. The control on the left changes selective color niters ; that on the 
right operates the power switch and regulates light source intensity. 

The amplifier is a single stage, twin triodc type. The two triodes of an 
Ti- C. A. type 6P8-G radiotron, V,, are arranged in a balanced Wheatstone 
bridge circuit in which plate resistances occupy two of the arms; R4, a 100-ohm 
potentiometer, and 2?6 and Ri,, 1,000-ohm, 0.5-watt resistors, occupy the remain- 
ing two. The balance of the bridge is controlled by Ri- The phototube current 
flows through Rc, a 20-megohm, 0.5-watt resistor; the potential developed across 
IS applied directly to the grid of one of the triodes. To maintain the amplifier 
a state of balance at all times, Rg,, another 20-megohm, 0.5-watt resistor, is 
connected between the grid of the otlier triode and ground. Proper grid po- 
tentials are obtained by Ra, a 200-ohm, 0.5-watt resistor. A 0-1 milliammeter, 
jll. A., connected across tlic amplifier bridge, measures the amplified phototube 
current. A 0.02-microfarad condenser, Cg, inserted across Rc, slows the action 
of the milliammeter. 

The great stability of a twin triode amplifier malces it prefei’able to other 
were set up in the laboratory and operated continuously for 
hours. All remained balanced during this time, even though line-voltage 
actuations often were as great as 10 per cent. When the power to an amplifier 
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-a-s tuTDod on .iftor „ • . 

>-00 jttei Jiavinf^ been slmf r.fr 

2 '1 'balanced circuit are , 

I enl easily jiossible. ‘ ‘ makes linearity well wiiliin 



•Scl.cmauc nhr col^Um<^ter,circ..it. 


■EIgcIi* • '■'■'■* ’ ’’ ^''•' \‘ 1 '-'■-•>'•>> '-Miu 

of maintaining lio'ln outlets. TJie necessity 

obvious. Exeellentiv reo-r ,]-,4 "consynit-M-itliin very ’narrow limits is 

constant voltage tra'insforme JJrbvidcd foi'tlie colorimeter by the 
tured by the Sola Electrin p ‘‘’‘f^^^ard .stock model, No. 3000, mamifac- 
amperes, and tlie llS-ynif ni t ^ The transformer delivers 30-volt 

for a total primary variatio,^ "’■'’’"Gained within plus or minus 1 per cent 

formers, regulation is insi-.,,/. contrast to many other trans- 

lalf-wave rectifiei- circuit \ and unaffected by line transients. A simple 

network composed of tivn J radiotron, F„ and a filter 

15 kla. choke, Ch, supplies condensers, C\ and (7,, and a 50 -henry, 

amplifier plate cirenit. TI,a ^ai’^'cnt potentials to the phototube and to tlm 
supplies the filament potent; -tnpped 6.3-volt, 1 . 2 -ampere transformer, fo 
nislies the filament of ihp n amplifier and rectifier tubes. Italsofnr- 

5-ohm 0.5-watt resistoi- J? c lump through the resistor network ‘i 
resistor. TntA„oU._ „ an b-ohm potentiomoi«v t? „ on „],n, n .i-wati 


5-ohm 0.5-watt resistor, trough the re; 

resistor. Intensity of fhp'iV.i + ™ Potentiometer, and a 20 -ohm, 0.5 

and off by a single pole V* controlled by X. Power is furned 

» e t uoiv switcl), attaclied to the rear of i? 2 - 


rpjj^ ^ . CONSTRUCTION 

stant voltage traiSrerr*"^ colorimeter, with the exception of the con- 
by 7 inches. The milliamm T in a black steel cabinet, 

0 01, a 3-inch, square case model, and 0 


by ho 
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Alter p’nni.. Optical system ; a, circular glass plates with interposed selective color Alters ; 
Reht lawin • » front panel; d, shaft bearing; e, projection chamber containing Aash- 

arrancremo.1;/ ’ 5‘’ototubc and socket; g, phototube shield; ft, subpancl ; j, test tube receptacle B, 
Pt of selective color Alters between circular glass plates. 
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omcter, /?„ are mounted on the front nnnnt fi • • 
inside the cabinet on a subpanel and"d as 

aluminm bireirf jn^Tbv f ’ 

lined, forms a proiection ^ according to the specifications otif- 

which test tubes contT' ' flashlight lamp and a receptadein 

Week. Light passes f,-om L firmly bolted to the 

tlirou«-h an ooMioi a-- > PCo.1cction chamber to the test tube receptacle 
on the onnosit • '^r cl'amcter ; another o])ening, % inch in dianjeter, 

tube I’cccptacle, conducts transmitted light to the photo- 

inch;s, ,0 exeludrsTrt bglp""* '' 

plates o color filters arc mounted between two circular glass 

diameter drinoVfi Mo inch in thickness, having holes %2 inch in 

(Fnr 4ji) T.) • centers and sealed at the edges with Duco cement 

nhotntiihn I • is placed between the aluminura block and 

dirmote 'n ^ 

Bv voHiil ir to the front panel of the colomdet. 

the mth nffi T ^ operator can quickly move anv of the four filters into . 
‘«e parn ot tiie light beam. 

OPERATION' 

procediT 7 ^r 7 ”f Bridge. Wlien the colorimeter lias been assembled, the first 
from it<! amplifier bridge. The flashlight lamp is removed 

the notenti'n^ plugged into an alternating current outlet, ffid 

the swttr>?i ’ f'’ Iflc right. In the first few degrees of rotation, 

msflp fl,n ’ closed and the power turned on. Before any adjustments are 

new Operate contimiously for twenty-four hours. Sicea 

to buInnf’P fT several hours of lieating to heeomc stabilized, alfarh 

the nrpor>r-) permanently before stability is attained are wasted, 

mjipJ nf f) elapsed, the potentiometer, T?^, mounted on the snh- 

apenrntoh’ is rotated until the milliammetor needle is broi# 

needs fn )io ^ ^®^cio scale position. Tlie amplifier circuit is then balanced® 
lamn k ,-enk 'J^PAflci- tube is changed. When the flashhgf'* 

ce in Its socket, the colorimeter is ready for operation. 

inches w’'f, f'" yubcs.-Ordinary soft glass test tubes, 5 or 6 

obtain o tjJt ft "i* outside diameter, are used as absorption cells, 

doyen he n I Identical light transmission, it is suggested that seifW 

mixZre anTtn ’ carefully with sulfuric acid-dichromate cieaonh 

menf tl no f ^ ® J 

ammete?- ? 7 eedf ^ potentiometer, J?„, rotated until the mi 

meter deflect 'n^ nought to any conv'enient position near fvxU scale, 

me ei deflection produced by each of tlie tubes is noted, and those whose read- 
ings deviate more tlian 0 'S of i j. ^ > t- aoA The re- 

c of 1 per cent from the mean are discarded. 

mawm^ ones are kept for colorimetric use. 

^ Choosing a Selective^ Color ^’iVfcr.—Photoelectric colorimeters mcasar^ the 
peicen age igi absorption of solutions submitted for e-xamination. fhr 
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lationship between light absorption and solution concentration can be expressed, 
according to the Bcer-Lambert law, by the equation, 

log per cent absorption = ICCX, 

wlierc C is tlie concentration of the solution examined, X is the length of the 
solution through which light passes, and IC is a constant. For a particular set 
of matched absorption tubes, X is a constant; therefore, the concentration is 
proportional to the logarithm of the light absorbed or inversely proijortional to 
tlic logarithm of the light transmitted. The value of K depends upon the wave 
length of tile light transmitted by the solution. In some portions of the 
spectrum tlie absorption is relatively small; in regions corresponding to the 
positions of the solution’s charaeteristie absorption bands it is much greater. 
'When various selective color filters that transmit light only in limited regions 
of the spectrum are used, the absorption can be made to have a wide range of 

■ values. It obviouslj’ is desirable not to have the absorption too small, for then 
it becomes difficult to measure. On the other hand, it is evident by differentiat- 

’ ing tlie equation tliat, when the absorption becomes too great, large changes in 
‘ concentration produce very small changes in light absorption, equally difficult 

■ to estimate. Satisfactory performance is attained if the absorption is restricted 
to less than 70 per cent of tlie incident light. Generally, a filter of the color 
complementary to that of the solution examined fulfills these conditions. In 
some instances, however, as for example in the Polin-Wu determination of 
blood sugar, the color density of the solution is so great that a filter having a 
color similar to that of the solution should be used. Regulation can be achieved 
in other ways, namel.v, by altering the amount of substance taken for analysis 
or by changing the volume of the final dilution. 

When the proper filter is to be selected, a solution is prepared having the 
maximum concentration desired to be determined. AVith a test tube of distilled 
. water in the receptacle, the meter is set at full scale deflection by the po- 
tentiometer, Ifj. Then the distilled Winter is replaced by tlic colored solution, 
and the readings are noted with each of the four filters. Tliat solution which 
produces a deflection not exceeding about 70 per cent of the full scale is chosen 
for the particular determination. 

, Mailing a Determinaiion . — A series of standard solutions having concentra- 
hons ranging from the lowest to the highest values expected to be encountered 
the laboratory is prepared. A solution having zero concentration is also 
included. "With the proper filter in place and a tube of distilled water in the 
receptacle, the meter is set at full scale deflection. The distilled water is then 
replaced in turn by each of the standard solutions and the meter reading of each 

' recorded. 

Calibration of the instrument can be carried out in several different wa 3 's. 
niethod is to determine the specific extinction coefficient, Esp,, in the equa- 
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\vhere is the meter reading of the solution having zero couceutration, T is 
the meter reading of one of the standard solutions, and C is its eoncentratm 
Tiie mean of the various values of the eoefifieient can then he used to calculate the 
concentration of any solution according to the formula, 

loo- 


A more direct melliod of calibrating the colorimeter is simp]}’ to male 
a graph plotting solution concentrations against the logarithms of the inete 
readings. A lino is drawn through tJie points, and eoneentrations canbewi 
directly from the grapli, An improvement of this method is to plot the grapii 
on semilogarithmic paper, Avitli meter readings placed along the logarithmic 
axis. Observations tlien can he converted directly to concentration values with- 
out calculation. Once the calibration curve is made, it is unnecessary to prepare 
standard solutions in making sub.scqucnt determinations, except as an occasioa'il 
elieck or when new reagents arc pi'e])arcd. WJien a determination is made, the 
power to tiic in.slrTimcut i.s .simply turned on; two minutes are allowed for the 
amplifier and flashlight lamp to heat; the proper selective color filter is h'sertc , 
the potentiometer, A’j, is ad, lusted for a full scale deflection of the meter wit u 
lest tube of distilled water in its receptacle; and the reading of tlie spec'™® 
is observed. The conoentration is evaluated from the calibration enne. 

If a series of consecutive delcvmiualious is to be made, it is advisable m® 
time to time to check the position of i?„. Fatigue of the light source 
sloB’ drift of the meter needle, making slight read.iusimeuts nccessai.L ^ _ 

the colorimeter has been in operation for ten minutes, the rate of drift is 
of 1 per cent per iniuute. 

In addition to the general principles of opezvation outlined, no 
be made to discuss the application of tlie instrument to specific problems. 
recently published reports describe the use of direct-reading photoelectric c 
imeters in a great many’ clinical laboratoiy procedures. 

SUMSIARY' ^ 

An inexpensive photoelectric colorimeter suitable for clinical 
signed to operate from alternating current outlets is described. ® ® yjng 

of design, construction, and operation are included. P^^rformance comp^^- 
favorably’ with that of commercial colorimeters can he expected. 
extremely simple. 

REFERENCE , 

1. Morgan, B. H., and AVeinliouse, S. : An Inexpensive Portable Photoelec rie 
Am. J. Clin. Path. 10: 114, 1940. 


THE PIIOTELOaiETHIC DETERMINATION OF BILIRUBIN IN URINE 
WITH DIAZOBENZENESULFONIC ACID'' 


AVilliaxi II. Goodson, Jr., M.D., and Charles Sheard, Ph.D. 
Rochester, oVIikn. 


A SIMPLE, rapid and accurate procedure for the quantitative estimation of 
urinary bilirubin lias been developed for use with the Sheard-Sanford 
photelometcr. Tliis instrument makes use of spectral filters selected to transmit 
light chiefly in the region of maximal absorption of the substance under test, 
and thereby deletes the effects of extraneous colored substances or other regions 
of spectral absorption which may be present in the solution. The photclometer 
also eliminates personal error in color matching and dispenses with the need for 
artificial standards. 

The photelometcr is calibrated for bilirubin in the manner described by 
Osterberg, except that it is not nccessaiy to evaporate the solution of bilirubin 
in chloroform to dryness. A weighed sample of bilirubin is dissolved in chloro- 
form, and serial dilutions corresponding to convenient concentrations of bilirubin 
are prepared. Two milliliter portions of those solutions, to each of which is 
added a small quantity of alcohol, are treated with 1 ml. of the diazo reagent and 
are made up with alcohol to a final volume of 10 ml. These solutions are com- 
pared with Avator in the photelometcr. 

For the calibration in terms of bilirubin, a spectral filter that has its maximal 
transmission in the region of 530 to 550 mjn is chosen. It is most satisfactory 
to construct the calibration curve on semilogarithmic paper; this makes it easy 
to select any desired scale value (such as 50) as the reading which corresponds 
to a solution free of bilirubin. Less than full scale deflection may be desired when 
small amounts of solution are to be examined; for, if light passes above the 
meniscus of the solution, the accuracy of the readings is lost. 

METHOD 

A method for the determination of urinary bilirubin is herein proposed. 
Solutions. — 1. Caffeine sodio-henzoate and buffer solution. Mix equal parts 
of a 25 per cent solution of caffeine sodio-benzoatet in distilled Avater and Soren- 
sen s phosphate buffer pH 6.6. The buffer is most conveniently prepared^: by 
mixing 60 ml. of one-fiftli molar potassinni dihydrogen phosphate (13.617 Gm. of 
KH.PO, in 500 ml. of Avater), 40 ml. of one-fifth molar dibasic sodium phosphate 
(17.814 Gm. of Na 2 HP 04 - 2 Ho 0 in 500 ml. of water), and 200 ml. of AA'ater. 

•From the Mayo Clinic, Rochester. 

Received for publication. March 25, 1940. 

sodio-benzoate (U. S. P. X) Is defined as "a mixture of caffeine and sodium 
nor "^hen dried to a constant weight at 80* C., not less than 47 per cent 

nior(» cent of anhydrous caffeine (CsHmOsN*), and not less than 50 per cent nor 

« xnan 53 per cent of sodium benzoate (NaCiHsOs) ’* 

JModifled from the description of Clark. 
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2. Acid blank sohdion. Dilnlc 7.5 ml. of concentrated Iiydrochlonc acid Kiii 
ivater to make one liter. 

3. Diazo reagent. Note that although this diazo reagent contains the she? 
substances a.s Ehrlich’s diazo reagent and many of its modifications (snehastk 
so-called van den Bergh reagent), the concentrations are less in the one ds- 
scribed here. 

I. Sulfanilic acid (C«H,(NI-L) (SO,H) + 2H„0) 1 Gm., concentrated h* 
chloric acid 15 ml., and ivater to make one liter. 

II. Sodium nitrite (NaNO^) 0.5 Gm. and water to make 100 ml. Foriis?. 
take 0.3 ml. of solution II to lo' ml. of solution I, and dilute with water to make 
20 ml. 

PROCF,DURE 

To each of two tubes, “lilank" and “te.st,” add 2 ml. of fresh centriiu?ed 
urine and 2 ml. of caffeine sodio-licnzoate and buffer solution (1). 
rotating the tubes, and let stand for ten minutes or a little longer, o u t 
“blank” add 1 ml. of acid blank solution (2) and 5 ml. of water. To tn e 
“test” add 1 ml. of diazo reagent (3) and 5 ml. of water. 

Let both tubes stand for ten to fifteen minutes. With the same env 
was used in calibrating the pholelometcr in place and the eoutmits o 
“blank” tube in the test coll, adjust the instrument to the scale ^ a™ 
corresponds to a solution free of bilirubin, and then substitute the ® 
tube “test” in another coll. From the scale reading and the 
termine the content of bilirubin. If the content of bilirubin in 
high to be read within the range of the instrument, the urine mar e > 
water, and the test repeated. 


of 


SPECTKOPHOTOJIETKIC AND PHOTELOMETRlC EXPERIMENTS 

With methods hitherto employed for the quantitati'C yjjraii: 

urinary bilirubin, it has been necessary to resort to order k 

to an inert precipitate (Hunter,'’ Naumann, Jendrassik, an procedure 

avoid interference from other urinary substances. In the case o 
which we have described, this same result is achieved ^ prop- 

pH of the reaction mixture and use of the urine (a coloie ^ read- 

erlj' diluted, as a “blank” for adjusting the photelometer be gpedro- 


ing. 


To demonstrate the validity of this iirocedure, we have ma 
photometric studies of solutions of bilirubin, urine, and ^^^jPgjgesodik*- 
If a sample of urine from a jaundiced patient is treated mi r ^ 
benzoate, diazobenzenesulfonie acid in hydrochloric acid specti'Opl'*’] 

fered to a final pH of 4 to 5.5., a definite red tint appears. ' (.potags o' 
tometric comparison of such a solution with water in terms 
ngbt transmitted at various wave lengths is shown in Fig. ^ bviffeh 

comparison of the same urine treated -with caffeine 

an. amourrt of hydrochloric acid equivalent to that in the diazo Tl? 

' the “blardc” solution ali-eady described) is sho-^m in Fig. bgbt ia 

sample to -which diazo reagent has been added transmits muc i 


•Hereinafter designated the "diazo reagent." 
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region between 500 and 600 m^u than does the untreated sample. In the region 
between 450 and 520 irifi, however, various urinary pigments cause a considerable 
reduction in the light transmitted by the untreated sample. An allowance for 
this absorption, common to the two samples, is made by comparing the sample 
to which the diazo reagent has been added with the sample untreated (e.vcept 
for identical acidification, buffering and dilution), instead of with water. The 
resulting percentage transmission of light at various wave lengths is shown in 
Pig. 1 (curve c) ; there has appeared, as the result of the addition of the diazo 
reagent, a distinct zone of increased spectral absorption with a ma-viinal value 
between 520 and 540 mp. The spectrophotometric measurement of the light 
transmitted b.v a solution of purified bilirubin treated witli tlie diazo reagent in 
a mixture of chloroform, alcohol, and water is represented in Fig. 1 (curve d) 
and is essentially identical in eharaeter and spectral region of maximal absorp- 
tion with that represented in Fig. 1 (curve c). 


“I 

^100 

^90 

1 eo 


a.-Urine (jaundiced fxdicnt) + dia-o rea^enb 
b- Urine (jaundiced pdtientX 
c-5ample compared cuith ^ aa standard 
d-5iJ irubm diazo reagent. 


^60 p 


(CTO 

■§60 

§50 

^40 

^40 



-^•40 50 60 70 60 90 ^00 10 ^0 ,10 -fO 50 60 TO aO 9O^(J0lO £0 JO 40 50 60 

Blue Blue-^reen Green Yellou) Oron^ Red 

transmission curves: n. of urine (diluted 14) from a jaun- 
it-ntR. after the addition of acetate buffer, diazo reagent, and water, compared with 

^standard; 6, of urine (diluted 1-4) from the same sample after the addition of 
sointirTr, blank solution, and ivater. compared with water as a standard ; c, of the 

of curve n when compared with the solution represented by curve b instead 

with «i ” * 1 ? ^ standard , d, of puie bilirubin dissolved In chloroform, diluted with alcohol, treated 
loe diazo reagent, and compared with water. 

In Fig. 2 (curve ft) is shown the spectrophotometric curve of light transmit- 
ted by a mixture of phosphate buffer, alcohol, diazo reagent, and bilirubin dis- 
solved in sodium carbonate solution (compared with water) . A portion of the same 
sample of bilirubin dissolved in sodium carbonate solution was added to normal 
A portion of tlie resulting mixture was treated with caffeine sodio-ben- 
zoate, buffer, and tlie diazo reagent, and was compared spectrophotometrically 
another portion of the mixture treated wdtli caffeine sodio-benzoate, buffer, 
‘^^^'^^^^’^^oehloric acid only. Fig. 2 (curve h) shows the percentage transmissron 
^ light then obtained at various wave lengths. Both tlie spectrophotometric 
tur\os obtained for bilirubin in chloroform and carbonate solutions after treat- 
ment with the diazo reagent, and the curve obtained after adding the same re- 
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agent to bilirubin in urine (using the untreated urine as a standard) are of tie 
same general character and exhibit the same zone of absoi-ption, with maximal 
absorption at 520 to 540 m/x. 


a -Bilirubin, carbonate solaiiort + diaz.o reagent, 
b- Urine + bill robia + diaro reagent, 
c— Tranamsssioa of photelo metric, filter. 



44050 60 VO fio 90 5(10)0 <'■0 5o 40 ao co to «o 9050010 io 00 40 io tcmji 
Blue 6loc-§reea Green 'Vblloor Oranjte hed 


Pis'. 2. — Spectrophotomctric transmission cun.'os ; a, 


obtained n-ben 


a solution of sodium carbonate is treated with the diazo reagent in tno » niix; 

buffer (pH 6.6) and aJcoboI, and compared with water as a is treated 

Cure of normal urine and bilirubin dissolved in a solution of sodium carboww 
caffeine sodio-benzoate, pliospliato buffer, and diazo reagent and as a stacjl* 

ture treated with caffeine sodio-benzoate, phosphate buffer^ and acid ^avci lengths bf 

ard. Curve c represents tlio percentage of incident light transmitted at \ariou5 
the photelometer filter used in these experiments. 


a-Urine CiauTidiced patient). , 

b- Urine (jaundiced patient}-)- diazo rea^en . 
c- Sample ^ compared ojitK ^ a& atandar . 



xomp 


hen con’ll' 


460®° xo 60 90 500 10 AO oo 40 50 eo to eo 9° 600 

* 4. — %^^ctrophotometric transmission curves; as 

treated with caffeine sodio-benzoate, phosphate buffer, and acid urine coi«; 

compaied witii u'ater as a standard; b, of a sample oi ine - 
caffr ’"' - - - ■ ' . piiosphate buffer, and diazo reagent, as de^JX , 

standard ; c> of the solution represented b> 
fbe py curve a, instead of water, as a standaro. 

OxThemoglobin has bands of spectral absorption xvitb then ^ 
at 542 and 578 respectively, and, therefore, it might 


al 


ivould interfere irith the photeiometric determination of bnii'n 
of urine from, a jaundiced patient was divided into txvo portions 

»Intact erytliroc.vtes, of course, wouia be removed to' centrifogel'®”' 
debris, from any sample ordinarily submitted to the test 


Asp® 
to the 


along 




fD't 
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was added a quantity of liemolyzed blood,* and to the second an exactly equal 
amount of distilled -water. The curves of Figs. 3 and 4 show how the use of the 
untreated urine blank compensates for the presence of added hemoglobin. In 
Fig. 3 curve a represents the speetrophotometrie transmission of the portion 
diluted with w’ater, prepared as for the “blank” solution, and compared with 
water; curve h contains the data on the same sample after treatment with the 
diazo reagent as already described ; and curve c shows the resultant percentage 
transmission of light when the treated urine is compared with the untreated urine 
as a standard. In Fig. 4 curve a represents the speetrophotometrie transmission 


a- Urine (jaundiced patient) + hemolqzed blood. 
b-5ame mixture asa + diazo reagent. 



45060 TO to 90 500 10 to 00 40 50 60 TO ©0 905 OO 10 10 00 40 50 60 TOjnjx 


^•■“Speetrophotometrie transmission curves : of \irine from a Jaundiced patient 

used for the curves of Fig. 3). with added hemolyzed blood, treated with 
o ^^“^O'benzoate, phosphate buffer, and acid blank solution, and compared with water as 

^h® same urino-hemolyzed blood rol-xture treated with caffeine sodio-benzoate, 
riwrPiitft 1 diazo reagent, and compared with water as a standard, c, of the solution 

curve l) when compared with the solution represented by curve a as a standard, 
instead of with water. 


for the portion to whicli tlie hemolyzed blood was added and demonstrates the 
l^^pical absorption curve of oxyliemoglobin superimposed on that of the urine 
alone; curve h represents the speetrophotometrie transmission of the urine- 
hemoglobin mixture after the addition of the diazo reagent (compared witli 
"ater) ; and curve c represents the speetrophotometrie transmission of the urine- 
hemoglobin-diazo mixture compared with the untreated urine-hemoglobin mix- 
tiire. It is obvious that curve c in Fig. 4 is essentially identical with curve c in 
Pig. 3. 

Specimens of urine from several jaundiced patients were divided and 
iicated as just described, and were then assayed for bilirubin in the photelometer. 
The data are presented in Table I; they clearly demonstrate that the added 
lemolj'zed blood does not impair the accuracy of our method. 

We have showm by the foregoing experiments (a) that the development of 
Ijpieal diazobilirubin is not hindered by urinaiy constituents, and (b) that 
under the conditions which we have specified, diazobenzenesulfonic acid does not 
couple with urinary constituents other than bilirubin to produce a colored sub- 
stance having a zone of absorption in the region between 500 and 600 m^. We 
also show’n that pre-existing urinary pigments which produce some ahsorp- 
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tion in the spectral region with which we are concerned (that is, 520 to 540 m|i) 
are entirely compensated for by the use of the diluted acidified urine, untreated 
witli the diazo reagent, as a standard for speetropliotometric or photelonietric 
comparison. 

Table I 


Effect of Adding Hemolyzf.d Blood to Ueine 


NUMBER 

1 milligrams of bilirubin per 100 ML. OF 

URINE 

URINE + HEMOLTZED BMMJ 

1 

3.20 

3.20 

2 

1.30 

1.35 

3 

0.70 

0.70 

4 

1.03 

1.03 

5 1 

1.70 ! 

1,65 


When spcctrophotonictrie determinations arc made of the transmissions of 
normal urine before (Pig. 5, curve «) and after (Fig. 5, curve h) treatments Mi 
tlie diazo reagent, both identically diluted and compared with water, it is agw’' 
apparent, as in the ease of urine from a .iaundiced patient (Fig- h “ 
and b) that there is a greater absorption of light in the region of the sliodw 
wave lengths after the addition of the diazo reagent. When the sample to w®' 
the diazo reagent lias licen added is comjiarcd spectrophotometricall} u't i^ 
untreated sample, however, no ebavaeteristie band of absorption appeals ( 'cvj 
curve c). This is proliably due to an overshadowing effect of the 
urinary pigments. Since the photelomoter deletes the effect of 
absorption ivhieh appears to be produced in the deep blue region, this ’uaj 
disregarded. We know of no other naturally occurring substance in t 
which could react with the diazo reagent under these 
develop the color characteristic of diazobilirubin. Because the 
curves for the normal urine coupled rvitb the diazo reagent 
selves inconclusive, and because Avitli larger amounts of bilirvibm 
teristic absorption band of diazobilirubin develops, we are justified m 
elusion that the maximal alisorption of liglit in the region of 520 to ^ 
occurs in urine treated with diazobenzenesulfonic acid as already 
due to bilirubin. 

The importance of maintaining an acid reaction when assajiUt, 


iv desci'iljed h 


of the conph«S 

actions known to occur with diazobenzenesulfonic acid in sodium - 


bilirubin as we have described follows from a consideration gglu- 


tion. This reaction was introduced by Pauly, and together , jjj,nke 


tions has been extensively applied by a number of investigators 


(Clifford: 


stances, 


and Koessler,^“ Hunter,®- ^ Nakayama,^® Hewitt, and otliers) to ai-e 

notably the phenols, imidazoles, and certain amino acids. Severn 
included among the seventy possible urinaiy constituents dcscri ^ 
felder. A few of them, biliverdin, urobilin (Ehrlich), xanthine, tl" 

guanine (Hunter®), plienol, and histamine have been specificalB topr®' 

diazobenzenesulfonic acid reagent in acid solution and have been o _ 
duce no color which could interfere with the test for bilirubin.^ on 
that aromatic amines (of which tliere ai'e none in Thierfelder s m 




COODSON-SHEAKD: determination Op isiuhudin in drine 


429 


mill diazolienzenesiilfonie acid in acid solution, Init lie added tliat “there has 
never been any question of its Kpceificity in biological fluids for bilirubin.” 
AVc feel that this conclusion is strongly confirmed by the speetrophotometrie 
curves which we have presented. 



440 W 60 70 00 ‘'0 500 10 ^0 «30 -*o so 60 70 oo 90 (300 10 e .0 io 40 so eomji 


■uiu v^fl Speetrophotometrie transmission curves: of normal urine treated with caffeine 

, , ■ .id acid blank solution, and compared wltii water as a stand- 

. ‘ wltli caffeine sodlo-benzoate, phosphate buffer, and the diazo 

as a standard ; c, of the solution represented by curv’c b com- 
' by curve « as a standard. Instead of water. 



Time in dai^s 

postoperative fall In total scrum bilirubin and urinary 
Hi)orp,T obtained from „ 10® m**' over a period of time measured in days. The 

The serum obstructive Jaundice due to carcinoma of the head of the 

uDin Values were determined by the method of Malloy and Evelyn. 

I'^tliology 'liiizo reaction,” as described in current texts on clinical 

^that Todd and Sanford), is made in ammoniacal solution. 

Pi'oduces the test is not definitely known, although it has 
^Hattvebdv ^*1 Saclis and Selimidingcr, Jliyazaki, and Nakayama. 

rcactinn the Pauly reaction applies equally well to the “Ehrlich 


’'«®iivehnvn ana 

Pauly rca 
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The phosp]iate buffer wliieli -vve have included in our reaction mixture serves 
chiefly to prevent tiie coagulation of albumin by the acid diazo reagent and to 
maintain the final pH in the range (4 to 5.5) most favorable for the charac- 
teristic red color of diazobilirubin. 

Although alcohol is generally relied on to insure complete coupling of- the 
diazo reagent with bilirubin in blood serum, it is unsatisfactory for this purpose 
in urine, because hazy solutions usually result, even though there be no precipi- 
tation of albumin, and in manj' instances the development of color is inhibited. 


Table II 

Action of Alcohol on the DEimLOPiiENr of Diazobiljrvbin Color in Ueine 
(Values expressed in niilligrains per 100 ml. of urine) 


method 


n 


in 


NUMBER 


DILUTION 


WITH ALCOHOL 


1 

2 

3 

4 

5 
C 

7 

8 
9 

10 


11 

11a 

11b* 

12 

13 


14 

15 

16 

17 

18 


0.27 

0.29 

0.15 

0.35 

0.51 

0.51 

0.13 

0.24 

0.31 

0.08 


0.03 

0.15 

0.08 

0.31 

0.43 


0.43 

0.37 

0.40 

0.26 

0.36 


WITH WATER 


0.47 

0.43 

0.33 

0.12 

0.53 

0.53 

0.63 

0.37 

0.45 

0.15 


0.07 

0.38 

0.43 

0.49 

0.33 


0.7S 

0.43 

0.47 

0.38 

0.48 


blank solution). 


Method I: 5 ml. of methanol or w-ater plus 1 ml. of diazo reagent (or acid 
plus 4 ml. of urine ; centrifuge. , urochlorio acid 

Method II : same as Method I, except that the urine was acidified with hy 
to pH 5.5 to G before adding the test solutions. . . j inl. 

Method III; 2 ml. of centrifuged urine, plus 2 ml. of phosphate buffer pH . , 
of diazo reagent (or acid blank solution), plus 5 ml. of water or methanol. 

•Buffered to pH G.6 with phosphate buffer before the test. 

The general^ higher values of the aqueous solutions shown in Table II 
reflect the greater accelerating action of urea, which Adler and Strauss 
ered in an effort to determine the nature of the “direct” and “indirect 


’ van 


den 


Bergh reactions in blood serum. They found that caffeine sodio-benzoate, ^ 
and certain other diuretic substances greatly accelerated the deve 0P“ .jji 


eaction ’ 


maximal degree of color by the cliazobenzenesiilfonic acid coupling 
bilirubin. Caffeine sodio-benzoate in 25 per cent solution can be ad e o 
without the formation of a precipitate and, as shown in Table III, frequen^^. 
in the development of the maximal depth of color and in the 
ness. Fig. 2 (curve b) shows that this color is the same as the color 
in other solutions which contain bilirubin. Because of the inevita ® ^ _ ^5 
of urea in urine, the terms “direct” and “indirect” can have no sigu^ 
applied to urinary bilirubin. 
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Table HI 


Effect of Caffelve Sodio-Benzoate ok the Developmekt of Diazobilirubin Color in Urine 
(Values expressed in milligrams of bilirubin per 100 ml. of urine.) 


NDIIBEE 

■WITHOUT CAFFEINE 

•WITH CAFFEINE 

19 


0.55 

20 

0.30 

0.40 

21 

0.90 

0.70 

22 

0.66 

0.70 

23 

1,57 

1.57 

24 

1.25 

1.35 

25 

0.78 

0.93 

26 

Hazy 

3.90 


caffoine were treated aa follows* 2 ml. of urine, 2 ml of phosphate 
^ diazo rcasent (or acid blank solution) and 5 ml of water. Solutions with 

cafleine were treated as described in the text. 


Table IV 

Quantitative Eecoveey of Bilif-ubin .Added to Uf-ine 








SAMPLE 

milligRaIms or bilirubin per 100 ml. of I 

PERCENTAOE 

RECOVERED* 

URINE 

BILIRUBIN 

SOLUTION 

URINE + 

ANTICIPATED 

BILIRUBIN 

FOUND 


0.58 

l.(J8 

1.60 

1.55 

93.5 

3 

0.55 

1.17 

1.72 

1.03 

00.0 

0.47 

l.OG 

1.53 

1.45 

04.8 

0 

0.51 

1.09 

1.00 

1.75 

100.4 

0.37 

1.09 

I.4C 

1.50 

102.7 


0.40 

0.90 

1.30 

1.25 

00.2 


0.45 

0.90 

1.35 

1.15t 

85.1 

9 


0.92 


1.13 i 

100.0 

10 

0.&3 

9..30 

9.8.1 

0.30 

04.(> 


0.60 

3,10 

3.70 

1.78 1 

102.1 

range 85.1 to 109.4 per 
ecame faintly hazy on the addition of the 

cent. 

bilirubin to the urine. 


ftcoverv *”'“^■''^''^‘'’1 procedure is the accuracy of its quantitative 

'uiae *• substance. Tlic application of tliis inquiry to liilirubin in 

'’irtiial insoluliility of bilirubin e.xcept in 
'rater Afi ™’^tnres or in organic substances vviiicli are immiscible with 
tioa ot c.xperments it was found tliat Iiilirnbin dissolved in a solu- 
te sodium carbonate, a mixture'' prepared and furnished through 

'"Wed David Klein, Director of tlie Wilson Laboratories, could be 

sdution witliout precipitation and witliout making the 

Ws- *t'™tly alkaline to invalidate the test. The procedure was as fol- 


'»l«metri'"fl diluted bilirubin solution was placed in each of two 10 ml. 

”’ker with made up in the one inr* ■•"*' ' ™ *'■" 

flask D'C volume of 10 ml. 


"astwffi, 1 ■“ oi Fv. im. In a third 10 ml. volumetric 

tiiisturcs 2 ^ distilled water and 9 ml. of urine. Prom each of these 

flavc de.sctibed t!™' • taken for testing according to tlic method that we 
**'t utine ul ' , .^.^duted urine being used as a “blank” for the urine alone and 
■ "s ilirubin, and distilled water as the “blank” for the bilirubin 

St carbon^t^ vtmtained in each milliliter 22 ma- of bilirubin, 300 ms. of urea, and 

'^ncentrafu 100 ml solution Is made up at the rate of 300 mg. of urea and 22 mg. 

.'“e Is ftMi* ?,* at least i dally excretion of urea In normal urine Is such that a 

*’f«sent, “ blllrubin’A^S.-*^®^ ^0® ™^* *s maintained It may be that even though the 

excreted by the kidneys is held in solution in some way by the urea 
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alone. On the average, as shown by the results in Table IV, 97.4 per cent of tlie 
added bilirubin was recovered. 

The test here described was developed in connection with certain e.xperi- 
ments on the excretion of bilirubin in which a quantitation of urinary bilirubin 
seemed desirable. In Fig. 6 ax'e shown the relative concentrations of serum 
bilirubin and urinary bilirubin from a patient whose obstructive jaundice was 
subsiding postoperativelj’. 


SOTIMARY 

On the addition of an acid solution of diazobenzenesulfonic acid to urine 
that contains bilirubin, the typical color of diazobilirubin is developed. The use 
of a suitable phosphate buffer prevents the precipitation of albumin and main- 
tains the pH of the reaction mixture in the zone between 4 and 5.5. Caffeine 
sodio-benzoate may be added to assure the development of the maximal depth of 
color and to aid in the prevention of haziness. It is emphasized that the Pauly 
reaction and the “Ehrlich diazo reaction’’ take place in alkaline solution. 

Spectrophotometrie curves show that the red color developed in urine on 
the addition of caffeine sodio-benzoate, phosphate buffer, and acid solution of 
diazobenzenesulfonic acid can be used to estimate Ixilirnbin in the photelometer, 
provided the instrument is standardized against a similarly diluted sample of 
the untreated urine. 
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GRANULOMAS, Venereal and Non-Venereal of the Vulva, von Haam, E. J. A. JI. A. 

114: 291, 1940. 

The macroscopic and microscopic pictures of 155 cases of infectious granulomas of the 
vulva were observed in the laboratory for venereal diseases in New Orleans. 

Because of the fundamental difference in diagnosis and therapeusis, a subdivision of 
infectious granulomas into the groups of venereal and nonvenoreal lesions is recommended. 

The presence of several ctiologic factors in one pudendal granuloma could be proved in 
11 cases. Various tests for the coriect diagnosis of granulomas of nii.vcd etiology have been 
evaluated. 

Proper treatment of a granuloma of the vulva should bo deferred until a complete 
diagnosis of the lesion has been reached. Tliis will be greatly facilitated by the liberal use 
of laboratory mctliods. 

THYROID DISEASE, A New Diagnostic (Galactose) Test for, Althausen, T. L., Lockhart, 

J. C., and Soley, M. H. Am. J. M. Sc. 119: 342, 1940. 

A new clinical test for activity of the thyroid gland based on the rate of intestinal 
absorption of galactose is described. It consists of oral administration of galactose fo ovre 
by determinations of galactose in the blood thirty and sixty minutes later. 

Data from 121 control subjects and 130 patients with hyperthyroidism show t lat ic 
average maximal concentration of galactose in tlie blood of patients with hypertlijroi ism 
was three times greater than normal and that clinically the test was comparable in re la n 5 
to estimations of the basal metabolic rate. 

Poliowing thyroidectomy, the galactose tolerance test was normal in almost all cases. 

Advantages of the galactose test arc that it is more sensitive than the basal me a oi 
rate in cases of low-grade hyperthyroidism, and that its outcome is not influenced bj ‘fP® ^ 
ventilation in anxiety states or by cardiac dyspnea. A disadvantage of the test m 
presence of hepatic insufficiency or of Paget ’s disease interferes with its use for the omg® 
of thjToid disease. _ , 

In myxedema abnormally low galactose tolerance curves were observed, indicating 
the galactose test can be used also in the diagnosis of this condition. 

The technique of the test follows: • 

Forty grams of galactose (Pfanstiehl) dissolved in 400 c.c. of water and 
lemon juice wore administered by inoutli after the patient had fasted overnight. P ^ 
of blood were obtained from the cubital v-ein before, and 5, 15, 30, 60, and 120 minutes 
administration of galactose. . 

The glucose fraction of the blood was removed by fermentation with ordinary y 
according to the method of Somogyi as modified by^ Raymond and Blanco. ^nn’e) 

Preparation of Teasi . — A weighed amount of fresh commercial yeast (Plcischnm 
is suspended in 5 to 10 parts of water, centrifuged, and decanted. This is repea ^ 
the supernatant liquid is clear and colorless and gives no reduction test (6 to ' ^ 

The yeast is then suspended in 10 parts of water. In tliis condition it will keep in a re r 
tor for about two weeks. , 

Use of the Hag edorn- Jensen Method. — Two-tenths cubic centimeter of blood is 
into an accurately calibrated pipette (the authors use 0.2 ml, in 0.001 ml. Ka 

•At present the authors consider the 15- and 120-minute specimens o""®f,®,?,fnPo'f'bordvr- 
5 -minute specimen relatively unimportant except when the test Is repeated on act 
line results. 
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Xo. 3T036), and transferred to 2.?> c.e. of distilled water, rinsing the pipette once or twice 
mth the solution. One cuVic centimeter of the 10 per cent yeast suspension is then added, 
the contents are mixed by tapping the tube against the hand, and after four or five minutes 
0.5 c.c. of tungstic acid- solution (prop.ired freshly by mixing equal volumes of 10 per cent 
sodium tungstate and % K sulfuric acid) is added. The test tube is covered with the thumb, 
and the contents arc mixed quickly by iu\erting. After standing a few minutes, the mixture 
is centrifuged at high speed. One cubic eontimotcr of the clear filtrate is used for titration. 

Vse of ihe FoUn-lVu ^^ctho(l . — The yeast is washed in the usual manner anil u 20 per cent 
yeast suspension is prepared. To 2 c.e. of oxalatcd blood 14 c.c. of the yeast suspension and 
4 c.c. of the tungstic acid solution are added. This mixture is filtered, and 2 c.c. portions of 
the filtrate are used for sugar determinations. 

Tlie figure for nonfcrmcntablc reducing substances in tlic fasting blood is subtracted 
from the corresponding figure in the remaining specimens to obtain the galactose content of 
the blood titrated as glucose. In older to obtain the true value for galactose, which has a 
lower reducing power than glucose, 24 per cent must be added to the last figure. 

Galactose is used in this test because, while having a rato of absorption very similar 
to that of glucose, it has the advantage that, unlike glucose, it c.an be identified in tlie blood. 


HEMattjeia, Diagnostic Value of Occult, Barach, J. H., and Pennock, L. L. J. A, A. 
114: G40, 1D40. 

Orthotolidinc is a sensitive tc«t for occult hematuria. A j)oeitive orthotolldinc reaction 
was found in one-third of GSl general medical cases of tlie so-called chronic diseases. It is 
«8 common in youth, with more intact vessels, and it is more common in females than in 
wales on account of the greater source of bleeding in the female generative tract. Seasonal 
vanation pointed to the highest incidence during the summer months. Albuminuria and 
t blood are found independently of each other, each having its own significance. Glyco- 
swna 13 not a cause of occult blooding. Arscnit*al^ in therapeutic iloses do not cause occult 
f mg. Alkalinity or acidity of the urine is not a cause of occult blooding. In patients 
showing persistent occult hematuria, liypocbromic anemia is common. A review of the typ® 
case in wliich the stronge.st reactions occuried reveals that tliesc reactions were most pro- 
clinically recognized serious tvpes of diK'ase and that the test reflects the 

m.eat'8 actual conditiou. 

EPTOCOCCI, Human Hemolytic Prom Diseases of Children, Boisvert, P. L. Am. J. 
Child. 59: 2Sl, 1940, 

^pidemio^l group precipitin test gave consistent results and seems well adapted for 

^less results suggest that infants and children are no more, and may 

It seems ^ udults to infection by hemolytic streptococci or groups other than A. 

i'enioh-tic uuthor that during a period of over a year all the strains of 

group A infections and their possible sequelae should belong in the one group, 

from T. strains of group A hemolytic streptococci were consecutively obtained 

- peuiatnc patients, 

^her)tofnf>/-; children are no more susceptible than adults to infection by hemolytic 
P^occiof groups other than A. 
lius studv i«i 1 • 

the isolation tl ‘ continued and is now in its fourth year. The only exception to date 
eiiilij nith ^ group p hemolytic streptococcus from the blood of a 7-year-old 

a nonfatal septicemia. 

^ UlUM, Milk Spots, Nelson, A. A. Arch. Path. 29: 25G, 1940. 

la spots occurred in 170 (24.4 per cent) of 494 persons 1 year or more 

there is an more years of age the incidence was 37.6 per cent. In general, 

'*r^ts are scarce y with age, but this increase is by no means rectilinear. The 

^*'ere is hH, , ^ ^ ddren and very frequent in old age, but between 35 and 75 years of age 
^ tsiange m incidence. 
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There seems to he a definite association witSi chronic or recurrent ralvular heart disease; ■ 
of 42 persons vrith such disease, 28 (66.7 per cent) showed spots. Patients with severe 
coronary sclerosis and enlarged hearts showed fairly definite increases (50.0 and dT.fl per cent, 
respectively). 

The occurrence of more than one spot is slightly more frequent than that of only one. 
Spots occur on the right side, anteriorly, and on the ventricles much more frequently to 
they do on the opposite surfaces. 

Old pleural adhesions are slightly more frequent in patients with spots than in tot 
without. 

Fifteen or 20 per cent of spots show appearances (projecting villi, cellular exudation, 
subepifheliai, palisading, or epitlielial enclosures in collagenous tissue) which suggest transi- 
tions from a more active inflammatory process to the usual type of milk spot. 


StrLFAPTBIDINE THEBAPY, Nature of the Benal Lesion With, Stryker, W. A. J. A. 

M. A. H4: 953, 1940. 

Precipitation of acetylsulfapyridine in the kidney was found at autopsy of a patient 
after treatment with sulfapyridine. The marked dilatation of cortical tubules and glomeralat 
spaces, characteristic of kidneys in eases of sulfapyridine toxicity, seems to depend on intra- 
tubular precipitation of the- drug or its compounds. There is a possible explanation for t!ie 
previous difficulty in demonstrating the material in histologic sections. 


DEXTROSE TOLERANCE, Tests of the New Bom, Ketteringham, R. C. Am. J. Dis. Child. 

59: 542, 1940. 

By the Jeghers-Myers modification of the Folin-Malmros fevricyanide micromediodi 
blood sugar values of 10 normal newborn infants, 5 to 10 days old, ranged from lO to * 
mg. per hundred cubic centimeters three and one-half to four hours after feeding, wit i a 
mean of SI mg. _ 

Dextrose tolerance tests were made on 15 normal infants. Oral administration of -m 
Gm. of dextrose per kilogram of body weight, as a 10 per cent solution, with blood sugw 
determinations one-half, one, two, three, and four hours after the midpoint of the perw 


necessary for ingestion, produced an average maximum level of 143 mg. per 


hundred cuMc 


centimeters. Two distinct cun-es were present; the blood sugar value of formula-fed i an ® 
reached a mean maximum of 143.2 mg. at thirty minutes, while that of breast-fed m an s 
reached a mean maximum of 142.6 mg, at one hour. 

Response to the dexti'ose meal was higher than in previously reported work, appar 
these infants responded just as young adults do. The hypoglycemic reaction of Foster 
encountered in 11 of the 14 babies tested. , 

Infants of diabetic mothers were more difficult to test than were the controls, 
curves produced seemed less reliable than those of the controls, owing to tcclmica ' ^ 

wliich could not be regulated. One infant who hud previously showed the clinical -igP 
hypoglycemia had a strikingly erratic curve. , . . 

The Exton-Rose one hour, two-dose test, modified to the dose-weight princip 6, 
administered to 3 normal infants, but the nature of the divided dose leads one to he eve 
technique unsuitable for the newborn. 

GONORRHEA, Culture Method in the Diagnosis of, A New Medium. Pitts, A. C. ken. Ri®- 
Inform. 21; 67, 1940. 

A relatively simple medium for the culturing of gonococci has been described, 

This medium is a variation of the Schwartz-Davis medium and consists of a ^ 
infusion agar to which sterile hydrocele, ascitic, or pleural fluid is added. It has pf 
most satisfactory medium for primary cultures. 

The preparation of the medium foUows: . 

Infuse 500 Gm. of minced sheep testicles in 1 liter of distilled water ove g ^ 
icebox. (The testicles should be from recently killed .animals.) Strain 
vigorously for one-half hour, and strain through gauze again. Restore volume wi 
water and boil another one-half hour to complete coagulation, strain througli gan 
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filter through paper. If coagtilation is complete, filtration will bo relatively easy by the use 
of suction; if coagulation is not complete, it w advisable to lioil the infusion a little longer. 


Eestore volume and add: 


20 Gm. bacto'peptonc 
S Gni. sodium chloride 
5 Gm. dcxlro«c 


Adjust the reaction to pll 7.fi (pTI should be between 7.4 ami 7.G after autoclaving) and 
20 Gm. bacto-agar 

Heat until agar is molted (autoclaving the mixture twenty minutes is a satisfactory 
method), filter through gauze and cotton, and tube approximately o c.c. per tube. Autoclave 
for thirty minutes at 10 pounds’ pressure. tVhen cooled to 50“ C., add approximately 2 c.c. 
of sterile hydrocele fluid, rotate the tube to insure an even mixture, and slant. As soon as the 
agar is hardened, replace the cotton stoppers with rubber ones; it is important to do this as 
soon as possible in order to retain a maximum amount of moisture in the tubes. This medium 
will keep in the incubator for several months. 


HEEA, Rapid Methods for the Determination of, in Blood and Urine, Scott, L, D. Brit. 
J.Exper.Path.21: P3, 1040. 

1. Centrifuge tubes graduated at '5 c.c., and thick-walled tost tubes of approximately 
'' by % inches, 

2. Pipettes of 0,2 c.c., 1 c.c., 2,5 c.c., and 3.5 c.c. capacity. 

3. Two 5 c.c. microburettes graduated to 0.05 c.c. 

4. 2i/20 and X/100 sulfuric acid. 

5. Approximately ^750 sodium hydroxide. 

J^’o. 1 Whatman filter papor.s of 5.5 cm. diameter. 

7. Absolute alcohol and redistilled or “Analar” acetone. 

8- Special mixed indicator: 

Stock Solution A: 0.02 per cent methyl rod in GO per cent (by volume) absolute alcohol, 
e so id methyl red sliould be ground up with absolute alcohol in a small mortar till com- 
ale transferred to the 100 c.c. flask by repeated washings with absolute 

0 0 in the usual manner. Forty cubic centimeters of wafer arc added and the volume 
« bnmght to 100 c.c, with absolute alcohol. 

^ock Solution B: 0,10 per cent aqueous methylene blue, 
of meth prepared by adding 1 c.c. of the methylene blue (solution B) to 15 c.c. 

reaeC (solution A). The mixture, if green in color, is brought to a very faintlv acid 

^olalir • hydrochloric acid drop by drop ^vith constant shaking until the 

g^ouTia* reddish purjile. This solution keeps indefinitely if stored in an amber 

^IJtalino soT bottle. It is reddish purple in acid solution, and bright green in 

^ utral Urease-Bunning” enzyme suspension: 

4 ' tablets of “Urease-Dunning” are thoroughly ground up in a .'small mortar 

tlie mijed i sulfuric acid. AVIien an even emuhion has been obtained, 0.2 c.c. of 

(die art'll added. The extract, if correctly prepared, has a grayish buff colora- 
Oefe indicator) and keeps in the refrigerator for one month. 

B/ood. — Into one of the 5 c.c. graduated centrifuge tubes, 
tiloo^, or^_^ ^ absolute alcohol or acetone, pipette 1 c.c. of serum, oxalated whole 

mucking u Impossible to remove the last traces of blood from the pipette 

blowing out with alcohol in the usual manner (due to the pipette becom- 
*^cjbly foy 1 ^'^* Pf^^cipitated blood protein), the pipette must be allowed to drain thor- 
procedyre'^ minute, and the last traces of blood removed by c.xpelling the air. By 
is now blood is retained in the pipette. The centrifuge 

5 C.C, by ^ “^tuppered and vigorously shaken, after which the volume is readjusted 
be, to coy *^^iher addition of a few drops of absolute alcohol or acetone, as the case 
Mix again fcj- reduction in volume due to the formation of alcoholic hydrates. 

^ mg well and centrifuge at high speed for two to three minutes, or filter 
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through a No. 1, 5.5 cm. paper. After filtration tlie precipitated blood protein contained in 
the filter paper should be disturbed b}' very gentle stirring with a small glass rod, oiherwhc 
the 2.5 c.c. of filtrate may not always be obtained fronj bloods rich in metaprotein. Measure 
2.5 c.c. of supernatant fluid or filtrate into one of the thicic-walled test tubes and add 3,5 c.c. 
of water. The alcoholic e.xtract becomes slightly opahscent due to the partial precipitation 
of blood fat by the lowered alcoholic concentration. Tliree-tentlis cubic centimeter of spe- 
cial indicator is added and the alkaline reaction (green) brought over to the acid side 
(reddish purple) by the addition of N/20 sulfuric acid, with thorough mixing after the 
addition of each drop. The alcoholic extract caries in alkalinitj' according to the blood 
bicarbonate content, riftieth-normal sodium Uj'droxide is carefully added until the reac- 
tion is just alkaline again, and the reaction finally bi-ought over to the very faintly acid 
point of the indicator by the additiori of N/lOO sulfuric acid, drop by drop, with constast 
sbaking. By this readjustment of the pH, final titration with relatively strong acid is 
avoided, enabling the starting point of the reaction to be controlled to rvithin one drop of 
N/lOO sulfuric acid, which in terms of blood urea is approximately 1 mg. per 100 c.c. 
Finally, 0.35 c.c. of well-shaken neutral urease suspension is added, and after thorough mix- 
ing, the tube is securely stoppered and heated in the water bath at 50“ to 55“ C. for ten to 
fifteen minutes. 'Remove the tube from the batii and titrate witli N/lOO sulfuric acid until 
.slightly acid (tlie original j-eddi.sh purple starting point of the reaction). The titration 
value in cubic centimeters nmWpUed by 00 equals milligrams of urea per 100 c.c. of blood. 

Determination of Vrea in Vrine. — For the eatiiuation of urea in urine a 1;50 diintion 
of the specimen is made with distilled water (witii .small quantities of urine 0.2 c.c. one he 
measured with a blood pipette into O.S c.c. of water) and after mixing well, 5 c.c. i.'i pipellfd 
into a thick-walled test tube and 0..3 c.c. of indicator is added. The faint greenish colofO' 
tion obtained with the majority of tirines is due to the urine being alkaline to {he sps'^l 
indicator. Adjustment is made to the faintly acid side of the indicator by the addition o 
N/lOO sulfuric acid drop by drop. One-half cubic centimeter of well-shaken neutral nrca-O 
.suspension is now added, the tube is securely stojipcred, and the mi.vturo (which turns gwen 
almost immediately) is heated in the water bath at 50“ to 55“ C. for five minutes. 
ammonium carbonate so formed is back titrated with N/20 sulfuric acid till just re 
purple, i.e., tho original starting point of the reaction. The titration value in enhie ecu ' 
meters multiplied by 1.5 equals grams of urea per 100 c.c. of urine. 


BLOOD, A Familial Hematopoietic Disorder in Italian Adolescents and Adults, ' 

M. M., Matthews, E., Pollack, R., and Dobyns, B. M. J. A. M. A. 114: 15^0, 1. 

Fourteen individuals, members of fliree Italian families repreeeating three 
in one family and two in anotiicr, have been examined and liave been found to >a 
tain abnormalities. 

In four marked poikilocytosi.s, microcytosis, hypochromia, and stippling 
blood cells as well as corpuscles resembling targets were observed. In folu- 

increased resi.stance of the red corpuscles to the hemolytic action of hypotonic . 
tions, splenomegaly, and bilirubineniia or urobilinuria. One of these paticn .s 
erythroblastosis in the sternal bone marrow and slight osteoporosis, 

In four persons all the abnormalities mentioned except splenomegaly were pf 

children there was slight splenic enlargement without significant changes in t ic ^ 
the remaining four persons, all fomale.s, tliere was microcytosis without ot ler 
changes in two, and slight mneroeytosis as n'eli as stippling in two. 

This disorder may be considered to be a benign form of Cooley s anemia 
ranean disease. |b 

. This condition and Cooley’s anemia appear to be the result of an in leri 
the production of red corpuscles whereby corpuscles are formed with an a tiic 

sive membrane whicli contains little substance. As a result the cells ype othef 

liemolyzing effect of hypotonic saline solutions more readily than normal ce s. 
characteristics of the disorder are explained by the assumption that they arc u 
lo compensate for the faulty red blood cell formation. 
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Books and Monographs for Review should bo sent direct to the Editor, 
Dr. "Warren T. Vaughan, Professional Building, Richmond, Va. 


The Fundamentals of Internal Medicine^' 

I^ESIGNED primarily for tlic introduction of students to the study of internal medicine, 
^ this rolume, ncrcrfltele«!s, contains good chapters dealing uith otolaryngology, ophthalmol- 
ogy, and dermatology. Because photographs of dermatoses show up better in white persons 
than in Kegroeg, it is felt that the section on dermatology' \vouhl be improved by changing 
mh illTistrations. A chapter on dicloties is also provided. 

The work i>, intended to provide the foundation iijam which tlic superstructure of more 
detailed and extensive knowledge may he built. In this aim it sucoccils admirably. 


Cancerf 

■yHlS volume was prepared by a committee roprcseiiting the Mnssachusetts Jfedical Society 
the American Society for the Control of Cancer. It is intended for the general 
Practitioner and is designed to aid him in the diagnosis of early cancer and to RUgge.st the 
rca meat recognized at the prc«cnt time. Chapters on cancer of the various organs are 
written by men especially interested in the .-subject. 

m .r ^ discussion of the cure of the patient with advanced cancer, and neurologic 
0 3 of relief of pain are also liamlled in an able manner. 

There I ^ organizations for the control of cancer, local and imtional, arc described. 

^\l^ chapter on suggestions for talks on enneer to lay audiences, 

the and is not intended to take the place of the more extensive treatises 

is felt that this is excellent propaganda, using the word in its best sense. 


Manson’s Tropical Diseases^ 

^Ai text in its field, this book has now come into the eleventh 

“omer. ^ the term “tropical medicine" is in general usage, it is perhaps a mis- 

® as only to recall the Chicago outbreak of amebiasis, the cases of malaria in 
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narcotic addicts, the widespread incidence of intestinal parasites, and the great amount of 
bacillary dysentery, to realize that we have many " tropical ^ diseases in this country. In 
addition to a standard description of these and many other diseases, the booh contains a 
section on life in the tropics of great value to anyone contemplating a trip or an citenM 
sojourn into tropical climates. Anj'one called upon to give advice to such persons will not 
be disappointed if he seeks information at this source. 


Clmical Diabetes Mellitus and Hyperinsulinism* 

T N THIS easily readable book the author has limited himself to clinical considerations 
describing procedure which in his extensive experience has proved most effective in the 
recognition and treatment of diabetes mellitus and its complications. Extended considera- 
tion of the theory of carbohy^drate metabolism, the physiology' of experimental diabetes, 
and the pathology of diabetes are omitted. 

Description of techniques of diagnosis, diet, and insulin (old and new) is given w 
sufficient, but not excessive, detail. Much attention is directed toward the ills which so 
often are concomitant. Chapters are devoted to surgical operations and to pregnancy m 
diabetes. 

A thorough section is afforded to hyperinsulinism in the last part of the book, There 
is a good bibliography' and index. 


I 


Principles of Hematologyf 

T IS pointed out that the sy'mptoms of blood disorders do not help greatly in different^ 
tion. An anemia from any cause will result in weakness, pallor, and palpitation o 
heart. There may' be fever, anorexia, dizziness, and edema. Few of the anemias a'® 
characteristic accompanying symptoms, with the striking exception of pernicious 
There are few characteristic symptoms of leucemia. The disease may be suspecte 
a splenomegaly', enlarged glands, fever, unexplained anemia, or abnormal blee mg. 
careful history may reveal the explanation of an anemia, such as a previous bloo 
an acute or chronic infection. A thorough phy’sical examination may reveal a ma 'finn" • 
Written by' an outstanding hematologist, the book is well balanced. The 
and phy'siology of the blood, the mechanisms involved in the various dyscrasias, t le 
niques of blood examination, and finally' treatment, are all excellently' integrated. 


•Clinical Diabetes Mellitus and Hyperinsulinism. Foun<3at!on 

P.A.C.P.. Professor and Chief of the Department of M^icine, the on iwtetl. 

Medical Education and Research. University of Minnesota ; Head of tn pages, 

Therapy. Division of Medicine, the Mayo Clinic. Rochester, Minn. Clotn, v 

W. B. Saunders Co. Philadelphia and London, 1»40. , . of the 

. tPrinciples of Hematology. By Russell L. Haden. M.A^^M.D.,^^ jj^pg,.(n,enWl 
Division of the Cleveland Clinic, Cleveland. Ohio; ^ Cloth. k'ricioe' 

oine in the University of Kansas School of Medicir including 1'“,“ i<)jO. 

omrhly revised, 302 pages, with 104 illustrative cases n'Poii.er Phlladelph‘«' 

phltomicrographs and 100 original charts and drawings. Lea & heuiter. 




EDITORIAL 


Clinical Chemistry 


A NEW section on Clinical Chemistry is being inaugurated with this issue 
^ of the Joun^•AL. This does not mean that the original scope of the 
Joi'HNAL, as defined by its first Editor, Dr. Victor C. Vaughan,* in tlie first 
issue, has in any way been clianged. In the quarter of a centmy that has 
elapsed, many important advances in inedieinc have heen made, and chemistry 
has contributed a large number of them. This has resulted in a considerable 
increase in the number of papers which have been devoted to studies falling 
under the classification of clinical ebemistr}’. For this reason, it now seems 
desirable to group these articles together under this special heading. 

Dr. Vaughan unquestionably visualized the expansion in this field when he 
oimdcd the Jourkal, since he was a pioneer* in this country in the field of 
lochcmistry and clinical chemistry — then called physiological chemistry and 
pat ological chemistry, respectively. It is pertinent to note that the subject of 
00 chemistry was in its infancy in 1915 when this Journal was founded. The 
xpansion which has taken place in tliis field is typical of the expansion which 
occurred in many other fields of biochemistry. Although the accomplish- 
tho * ohemistrj- are probabl.v no more .spectacular or important than 

sfill\l' a ^“'oon place in the field of the vitamins or of the hormones, 
has m t'S'inires much greater use of the clinical laboratory and 

lhat th'* ^'■•^oaehing ramifications. The latter is well illustrated by the fact 
aad '’’tf'i’oin D is shown by studies of the inorganic phospliorus 

tior ^loed serum, while that of insulin requires the determina- 

"on of the blood sugar. 

tissue auTw *^°.™°t*iods of chemical blood analysis liave been e.xtended to 
t*® fflade un'^’ti,'^ doubtless greatly expand the interpretations which can 
"'i'romethod'"' f tilood analysis alone. By utilizing some of these 

“Me to devel* ^ further refining them, Richards, = in particular, has been 

tests of renaH ^ theory of urinary secretion, thus placing our chemical 

the field of rP firmer foundation. Illustrative contributions in 

^I'hile thl^'r^ e^hemistry need not be further multiplied, 
taut original'* tias had a hand in presenting some of the most impor- 

witial vepojf example, Banting and Best* presented their 

’**tcacidliy^)| Stanley Benedict* reported the excretion of 

PMine permitting the extension of studies 

“till its greatest s'™ restricted to man (and the anthropoid apes) — 

’I*® ditiical laborst''''^ medicine has been in bringing new practical tests to 
the JouRNA ™ clinic. This is in accord with the 

Jiichi'Cr. Van h ^'""“"''cn’s first editorial,* which indicated that the 

ia 1870, 3 appointed Instructor In Physiological Chemistry at the University of 
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purpose of the Journal was to try to bridge the gap between the laboratoit 
worker and the clinic, so that the physician could intelligently utilize without 
unnecessary delay the new laboratory aids whicli were rapidly becoming avail- 
able. This need is even greater today than it was twenty-five years ago. 

Clinical chemistry may be defined as that part of biochemistry which finds 
use in the diagnosis, prognosis, and clinical management of disease. Tk 
Journal will accept for the section on clinical chemistiy original articles, includ- 
ing methods, which meet a reasonably broad interpretation of this specification. 
It is hoped that this new section will be found increasingly useful by internists 
and clinical chemists alike. 

y. C. M. 

E.M. 
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Erratum 


On page 1301 of the September number of the Journlvl in the article b) 
Ida Kraus, Ph.D., entitled “A Note on the Determination of Total Senim no- 
teins. Serum Albumin, and Serum Globulin,” c under Calcvlafmts slionl lea 


S 


N.P.N. ; X Cone, standard x -t-f 
U 4.5 


15 100 

X — 


: N.P.N. / 100 c.c. serum. 
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PROGRESS 


A CRITICAL HISTOPATIIOLOrnC STUDY* 


Fifty Post-IIorteii P.vticnts With Canxer Suiuected to Local or 
Gener.ilized Refrigeration Compared to a Sijiilar Control 
Group op 37 Nonrepriger.vted Patients 


JLichteld E. Sano, JI.D., and L.uvrence W. Smith, JI.D. 
Philadelphlt, Pa. 


I 'MOUS reports’ tlio several incmbci'S of our prouji ivlio have been 
or mg upon the problems of reduced temperatures a.s applied particularly 
™i>i'.vonal cell growth have recorded their preliminary observa- 
in rather broad generalities. This lias been done inten- 
y m order to arouse interest in 


and as a new 
Physiology. 

The 


. in hypothermy both as a possible therapeutic 
approach experimentally to our understanding of human 


<idaile([ paper is to reinforce these earlier studies by a more 

patients ivli ^ pathologic material obtained from the fii-st 50 cancer 

"®ctal " undergone varjnng periods of refrigeration, cither local, 

a'Ges of 37 and who subsequently died. As a control, a similar 

Pas been "'Gh cancer svho died witbout having received refrigeration 

"P’di has* ’^oaaparahly. In this latter group the only selective factor 
Picture has been an effort to choose persons with the 
As it 1? involvement as those in the refrigeration series. 

®Pected ni * refrigeration group tended to include, as might be 

a'aff advanced cases. The autopsies were all done hy the same 

'’'htpretation of groups are strictly comparable in respect to the 

abnormal findings. We are not concerned in this paper 

''''Sa\y' of Pathology, Temple University School of Mcaicino and Hospital, 

grant from the Clinical Research Foundation, Philadelphia. 
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with any of the clinical aspects of the cases other than statistical i-e., agcoi 
patient, duration and. extent of disease, location of primary tumor, former 
treatment, whether surgical, radiologic, or combined, and the time relationsMp 
of siieli treatments, recurrence, metastases, etc. Prom the standpoint of refriger- 
ation, ideally Ave should like to collect sufficient data to be able to tell Arliethet 
continuous application is of greater effect than when refrigeration is given 
on the divided or fractionated dose principle, whether it is the total number 
of hours or the depth to which the temperature is successfully lowered and 
mamtained, or some combination of these various procedures, which is the 
most successful in producing regressive cell changes iir tumor tissue. As it is, 
in a small series of this size the most we can hope to do is to divide the cases 
on the basis of total number of hours of refrigeration received. 

Since the publication of our initial studies concerning the effect of cold upon 
cancer and embryonal cell growth, a very considerable amount of discussion 
has resulted. One of the more critical of the statements has intimated that 
the growtli of cancer cells is not only not impaired by cold, but is even aced- 
crated and results in a wider di.ssemination of metastases. True, the oteerva- 
tioixs are based on animal experiments^ rather than on clinical studies. Sou- 
evex’, we feel that it is most important to ]<now whether such acceleration of 
growtli does occur in human beings or to what degree it is indicated, as upon 
such information depends the clinical selection and conduct of our cases. It is 
to study such questions that the careful and critical analysis of these aiitopsiei 
cases seems so important to us, groping as we ax’e in a field which is as yet 
totally unexplored. 

Even though time may' prove tliat such acceleration of cell grovvth mai 
oecul' ultimately with refrigeration, it will not exclude refrigeration as a 
possible thex’apeutic weapon any more than it will exclude x-ray or 
in which such effects ai'e well recognized as ocenning at times. The mo^ 
pessimistic among us cannot deny tliat h^yotherinr has helped solve the pro 
of intractable pain in our patients with cancer. Any therapeutic 
be weighed seriously a.s to its iwlative advantages and disadvantages e o 
it is either used or diseax-ded. It is from tliis purely ob,iective standpoint 
Av'e wish to present in tabular form the histopathologic findings in fhese 
50 refi’igei’ation patients who were autopsied and compare them with a sinu 
noni’efrigerated series. 

The patients fell into thi'ee major gi'oups, and a fomdli 
of miseellaneons foraxs of cancer. The three px'incipal groups ^ f\rth 
maxy, (2) uterine-cervical, and (3) gastrointestinal carcinoma. 
group was composed of tumoi’s fi*om almost every other part of the m }i 
eluding lung, liv'er, adrenal, bladder, prostate, testis, moxxth, thyroi , 
lymxph nodes and brain, as well as two eases of acute leueemia. 

Fifteen of the 50 patients i-eceived local refrigeration treatment 
properly' might be excluded from the series as a whole. The^ great niajo 
the patients received less than 150 hours of generalized refrigeration 
persons, or 60 per cent), the time ranging from 24 to 150 
persons received more than 150 hours of general hpothermy 
series, although in subsequent studies moi-e than twice this time in 
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not infrequently employed. It should be noted also, that in this initial series 
of cases the temperature level in general was maintained between 86° and 
90° F., whereas in the later cases temperatures of approximately 8° to 10° lower 
were employed. Tims, the further analysis of a larger series of cases studied 
in the lower temperature range and maintained at tliesc lower levels for much 
longer periods of time may require the revision of our figures and lead to 
other interpretations than arc possible with these data. 

Table I 


llAMSIAIiY Ca.VCEP. — 24 PATIE.VTS 


OnOAN 

LESION 

REFPJGEILVTION 

GROUP 

NONREFRIGERA- 

TION GROUP 

HENKE ANP 
LUDAUSCH 

C%) 

EAVING 

423 

PATIENTS 

(%) 

NO. 

PATIENTS 

% 

NO. 

PATIENTS 

% 


Normal 

Myocardosis I and 
II 

Myocardosis III 
and rv 

Myocardial edema 

Metastases 

Pericarditis 

1 

S 

1 

2 

1 


1 

4 

7 

3 

0 

8.3 

33.0 

58.1 

25.0 

25.0 

0 

5 



l^roDchopnoumonia 

Metastases 

12 

5S.3 

100.0 

4 

9 

33.3 

75.0 

50 

49.9 


Regenerations 

Metastases 

8 

58.1 

60.C 

5 

8 

41.5 

CC.G 

4S-G3 

48.0 

hulneya 

Pancreas 

Aarenals 

liZ^tTact 
UteruT" ■ 

Metastases 

0 

0 

1 

8.3 

19 

7 

i-oxic neplirosis 
Metastases 

4 

2 

33.3 

IC.C 

1 

IG.G 

IG.G 

5-40 


t'ancreatitis 

Metastases 

1 

1 

8.3 

8.3 

0 

1 

m 

Rare 


Metastases 

2 

4 

IG.G 

33.3 

1 

5 

8.3 

41.5 

27-5G 



0 

0 

1 

8.3 

Rare 


0\ary 

Tiiyrold 

^tultar^ 

^keletorT'^ 

SraliTaiJ^ 

dura 

■flietastases 

2 

IG.G 

2 

IG.G 

5 


5 

41.5 

None noted 
grossly 

8 



2 

IG.G 

None noted 
grossly 

Rare 



1 

8.3 

None noted 
grossly 

Rare 


^mebral metastases 
Other bones 

12 

2 

100.0 

16.6 

Only 4 cases 
recorded but 
examination 
incomplete 

19-80 

20 

Edema 

4 

3 

33.3 

25.0 

None noted 
clinically 
None examined 

3-19 

9.5 


tabular Pi'eliminary comments we will present the statistical data in 

Table I 24 '^°™b'Rratively arranged in the several groups for convenience. 

"simple™^* advanced breast cancer are shoivn. These were chiefly 
equally varied from extremely cellular, medullary lesions 

5'oars, those™*^ aairrhous cases. The age of the patients ranged from 32 to 
^'tbjccted to refril group predominating. Of the 12 patients 

''tecivej coldT^^u'*"’ received generalized hypothermy, this 

oeally. The 12 control patients received the usual suppor- 
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tive and symptomatic treatment. Sevei-al instances of operative and radio- 
logic intervention are included in this latter group. Each of the persons 
who was refrigerated came to the hospital because of intractable pain, after 
all possible surgical and irradiation therapy had been employed, and after 
opiates had become ineffective. The duration of the generalized refrigeration 
varied from 50 to 230 hours, and the temperature range Avas from 83° to 90° P, 
the average being about 87° P. 

Table I gives us a certain amount of information, much of it negative in 
character, but nevertheless of some importance and significance in our efforts 
to evaluate the effect of reduced bodj”^ temperatures upon the activity of can- 
cerous cells. In the first place, it is obvious that the entire 24 patients rep- 
resent a much more advanced stage of malignancy than the average admission 
group, as shown by the widespread metastases in comparison with the figiuw 
from Avoiid literature compiled by Henke and Lubarscb in their Handhoh 
of Pathology, and the series of 423 cases of lircast cancer analyzed by Ewing. 
The metastatic figure is even greater in the 12 persons given refrigeration ttan 
in the corresponding 12 control patients, shoAving 100 per cent lung, and 
skeleton involA'cment as compared AA'ith 75 and 33 per cent, respeetiveb. 
Furthermore, these metastases Avere aU present at the time of admission. Com- 
ment upon tlieir serial roentgen-ray studies Avill be made later in lb'* 
cussion in relation to the entire 50 eases. Suffice it to say that from the data 
available, Ave have no evidence to suggest that the rate of groAvth of suci 
metastatic foci is accelerated. On the contrary, in some feAV instances i 
actually seems retarded. HoAvever, in vicAV of the advanced stage of the disease 
in this gi'oup of patients as a AAdiole, it is not possible either to prove oi o 
disprove Avhether hibernation does or does not increase the spread of metas ascs 
or even alter the rate of groAvth of such metastatic tissue within the leatncj 
short span of life during Avhieh they were under observation. 


Table II 

Eelatiokship of Metastases (Poomonaev) to Development of Brokchopxeomo- 


2-i Patients AVith Breast Cancep. 


IK 



patients AVITH METASTASES 

GROUP 

NO. WITH 

BRONCHO- 

NO PNEU' 

METAS- 

PNEUMONIA 

MONIA 


TASES 

NO. 

% 

NO. 

% 

Befrigeratpd 

11 

7 

5S.3 

5 

41.7 

N onref rigerated 

9 

3 

33.3 

6 

67.0 



Aside from the question of metastases tAvo other ^ .}jg ],eart 

pathologically have been noted Avliich relate (1) to the part playe 
during refrigeration and (2) the incidence and importance of ton 
monia comparatively in the refrigerated and nonrefrigerated cases. 
these questions aauU be discussed in greater detail later, in respect o 
S7 eases. So far as myocardial failure is concerned there seems 
significant difference betAveen the tAVo groups. Yhcn’ 

The incidence of bronchopneumonia requix’cs more detailed ana pf 

is one factor AA-hieh seems possibly significant in iuflneneing the ocei 
pneumonia in both the refrigeimted and nonrefrigerated gioups, 
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presence or aliseiice ot metnstases. Tlic series of ])atieiits with ennecrotis breast 
seem to Ijc representative of tliis point, bavin}; a particularly bi};Ii incidence of 
metastases because of tbeir anatomic relationship. In Table II the data are 
presented with this in mind, and an attempt is made to correct statistically for 
the difference in pulmonary metastatic incidence in the two groiiiis. 

Prom these figures it can be .stated that the presence of pulmonarj’ metas- 
tases, as might well be anticipated, is apparently a.ssociatcd with a somewhat 
higher incidence of terminal bronebopnenmonia in the refrigerated series of 
persons with breast cancer. It might be added that under such metastatic 
conditions, the pneumonic incidence appears to be .somewhat greater in the 
cases maintained under generalized refrigeration for the more prolonged periods 
of time. In a series of cases as small as tliis we arc not certain wliether tlie 
differences are of such magnitude as to be statistically significant, but wo have 
gamed the impression that where .such pulmonary metastases do exist one 
Dinst recognize an added risk in recommending generalized refrigeration for 
spy given case. 


Tabia: III 


CEUVICAL CANCET. — 10 P.VTIEXTS 


ORGAN 

LESION 

IlEKniOEIJATION 

onoup 

NONREFIIIOEUA- 
TION OUOUP 

JIENKE 

AND 

LUBARSCII 

(%) 

other 

authors 

C%) 

NO. 

PATIENTS 

% 

NO. 

rATIE.NTS 

% 

Luog 

Liver 

^iieea ’ 

Kidney 

Llauiier 

Adrenal 

^Kerur" 

formal 

Myocaiilosis I and 11 
Myocardosis III and 
TV 

Metastasis 


20 

80 

0 

0 

■ 

0 

80 

20 

0 



iironchopneumonia 

Metastasis 

2 

1 

40 

20 

3 

1 

GO , 
20 ! 


5 

loxic changes 
Metastasis 

4 

0 

SO 

0 

2 

40 1 
40 ' 

15 


loxic changes 
Metastasis 

4 

0 

80 

0 

2 

0 

40 

0 



i'yonephrosis 

Toxic nephrosis 
Metastases 

1 

3 

0 

20 

CO 

0 

1 

2 

0 

20 

40 

0 1 



i^'^tastatic extension 

2 

40 

1 

20 1 



Metastasis 

1 

0 

20 

0 

0 

1 

0 ' 
20 




0 

0 

1 

20 




1 

20 

0 

0 



Metastaiic extension 

2 

40 

4 

80 


14-50 

(Sheib, 

Schott- 

lander) 

Cram 


0 

0 

0 

0 

Rare 


Edema 

.^otastasis 

0 

2 

0 

0 

40 

0 

No post- 
mortem 
examination 
made 

0 1 0 




The 

'■'dvatice^j Sf‘'oap of patients, somewhat smaller in number, who had 
same oareinoma of the cervix uteri, are analyzed in Table III 

aj as the patients with cancer of the breast were presented. Of 
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tlie five patients who received refrigeration, only three were given cold locally, 
while the other two requii’ed generalized refrigei-ation to control the pain. As 
might be expected, the incidence of metastases in this group of ca.ses ivas mud 
less than in the breast cases, and inasmuch as cold could be applied success- 
fully locally at a much lower temperature range than that obtained by tlic 
generalized reduction of body temperature, it was the method of choice. 

A series of ten patients with cervical carcinoma, analyzed in Talde III, 
presents a totally' different clinical problem than the patients with breast can- 
cer. The disease is a local one, with regional extension of the tumor ratiier tlian 
distant metastasis. In only two cases were pulmonary metastases found, and 
in neither of these was pneumonia present terminally. 

The third group, consisting of twelve persons with carcinoma of gastro- 
intestinal tract, do not parallel each other quite as closely as the previous 
series, there being a slight preponderance of gastric eases in the nonrefrigeratcd 
series. Of the remaining five experimental cases, two were primary in tlie 
transverse colon, one in the sigmoid, one in the rectum, and one represented 
a peptic ulcer just below the pyloric ring which had undergone malignant 
degeneration and showed widespread metastasis. The analysis of this series 
is presented in Table IV. 


Table IV 


Gastrointestinal Tract Carcinoma — 12 Patients 


organ 

LESION 

REFRIGERATION 

GROUP 

NON- 

KEFRIGER.\TION 

GROtfP 

HENKE 

AND 

LUB-VESCH 

(%) 

OTKEK 

.\CTH0r.S 

(9'r) 

NO. 

PATIENTS 

% 

KO. 

PATIENTS 

% 

Heart 

Kormal 

Myocardosis I and 11 
Mvcardosis III and 

iV 

Metastasis 

0 

S 

3 

0 

0 

50 

50 

0 

■ 

0 

53.5 

16.5 

0 

0.5 


Lung 

BronoUopneumonia 
Lobar pneumonia 
Empyema 

Metastasis 

4 

0 

1 

2 

06.0 

0 

16.5 

33.3 


oO.il 

10.5 

0 

33.3 

4-13 


Liver 

Toxic changes 
Metastasis 

3 

i 

50 

66.6 

1 

o 

16.5 

33.3 

45-56 

.14 

.Spleen 

Toxic changes 
Metastasis 

Bl 

16.5 

16.5 

0 

0 

0 

0 

33.3 

0 

0 

3.4-C.5 


Kidneys 

Toxic changes 

Pyonephrosis 

Metastasis 

M 

16.5 

16.5 

16.5 

o 

0 

0 

1.3-4.4 


Bladder 

Metastatic invasion 

1 

16,5 


0 




Pancreatitis 

Metastasis 

1 

2 

10.5 

33.3 

0 

0 

d 

0 

^ 3.3 

Adrenals 

Uterus 

Ovaries 

Adenoma 

Metastasis 

Metastatic invasion 
Metastasis 

2 

2 

1 

0 

33.3 

33.3 

16.0 

0 


0 

0 

0 

0 

1.3-7.G 




1 

1 

1 

0 

0 

16.5 

16.5 

16.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.1 

_ 
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In tins group ot gastrointostinal cases oC mali"iiancy, all the cxporimenlal 
eases received hotli local aiul general veirigeratioji. The time of the lattci 
ranged from 150 to 230 liouvs, n dislinplly more prolonged tcciiiiiquc on the 
average than that used iu tlie hreast group. A el when we look at tlic figures 
relating to the ineideiice of lironehopneunionia in these cases, there is no 
significant difference hetween the refrigcralod and the nonrefrigerated cases. 
Even the presence of lung mctastascs docs not seem to he an unduly important 
factor in determining this comidication, as less than half the eases in the series 
of cervical and gastrointestinal carcinoma willi lung mctastascs demonstrated 
any evidence of bronchopneumonia at autopsy. 

Another point to which attention should he called is the curious finding 
of occasional cases of acute pancreatic degeneration microscopically. This may 
he accompanied hy a small amount of fat necrosis and hemorrhage, and thus 
become a grossly demonstrable process in rare instances, as has been observed 
in more recent eases than tliose subjected to analysis in this early series. AVc 
are inclined to feel that pancreatitis is another possible comidieation of general- 
ized refrigeration. On the basis of Oppcnheiiner and McCravoy’s^ studies, 
iivhich established the fact that circulation time is definitely slowed, this can he 
explained perhaps as being tiic result of tissue anoxia, thus permitting the 
escape and activation of the pancreatic enzymes. AVc arc of the opinion, how- 
ever, that careful following of tiie blood amylase of patients during “hiberna- 
tion” precludes serious danger. 


Tabli: V 

27 Patients With Miscellaneous Mai.kskancy Subjecthd to nF.naoEnATioN 


3 

4 

5 

r. 

7 

8 
0 
10 
n 
12 

13 

14 

15 
1C 

17 

18 

19 

20 


SITE OF rniMARY 
TUMOR 


Adrenal 

jAntrum 

Antrum 

Auditory canal 

Bladder 

Bladder 

Blood 

Blood 

Bone (tibia) 

Bone (sacrum) 

'Brain 

Liver 

Lung 

[Lung 

Lympli node 
Mediastinum 
Pancreas 
Prostate 

Betroperitoneum 

Betroperitoneum 

Skin 

[Submasillarv 
'Testis 
iThyroid 
[Tongue 
Tonsil 
Uterus 


llyiicmepUroma, inalignant 
Carcinoma, squamous cell 
|Carcinoma, squamous cell 
Carcinoma, squamous cell 
Carcinoma, squamous coll 
Carcinoma, squamous cell 
|Leucemia, acute lymphatic 
Leucemia, acute lymphatic 
Osteogenic sarcoma 
iFibi omyxosarcoma 
[Glioblastoma multiforme 
Hepatoma malignum 
Bronchiogcnic carcinoma 
Bronchiogcnic carcinoma 
Hotlghin's ilisease 
Ljmipliosaicoma 
Adenocarcinoma — duct type 
Adenocarcinoma 
Fibromyxosarcoma 
Reticulo'ccll sarcoma 
Melanoma, amelanotic, malignum 
Adenocarcinoma 
iClioriocarcinoma 
Ad cn ocarcinoma 
Carcinoma, squamous cell 
Carcinoma, squamous cell 
Adenocarcinoma — fundus 


REFRinCUATION PERIOD 


GENERAL 

(HR-) 


90 

2.30 

90 


90 

24 

90 

120 

50 

.lO 

120 

24 

120 


120 

50 

24 


LOCAL 


5 weeks 
12 weeks 
10 days 
3 weeks 
12 weeks 
IG weeks 


200 days 
3 weeks 

3 days 
1 day 


30 weeks 
1 week 



450 


xt™ 

as SJIOWII in Tablp v i Previous groans 

wide varifiUr ^ly , ^ almost entivahr ■ y ^ ^^ps. iiie eiKes, 

SiSSS?S#2SS£ 

"i‘Haa=?Hs:=5 

. discussion 

d^"«eTosedt^UVtrt?v^ P^^Iiologie findings 

mue r if patients I’l , 

stud ’ Pe^’sons wiio have been ''P°" ® 

s iKly ^yere nil advanced, terminal Z, T in this 

leiefore, have had a survival period' Ion “alignaney. None of them, 

D respect to the question of Sie 

nterest centers chiefly upon the imf a- ^ metastatic foci. The 
P’owth and on various plfysioLic Cf ’ 

nstopathologic changes in' the tissues by demonstrable 

let us attempt ?o discuss the 1 / «3'stems. To this 

sue demonstrable patholoo'y lias bee?7 m those organs ndiere 

generalized reduction oAod^Te^^ "'veil as by our own studies,'-' 

a erations in the electroeardioo-ram^^ regularly accompanied by 

cardial. involvement; ie a denre ^ widespread mvo- 

Q-S interval. ' •"•’ ^ of the T-wave and prolongation of ihe 

hv heart failure, and assoeiated^”!-?^ sudden fall in blood pressure followed 
autopsy, led us to suspect tint tu^'^ i acute myocardial degeneration at 
problem insofar as maintemnf>P ® ® owed circulation might present a serious 
eerned. Anal.ysis of the o Z heart muscle was m- 

has been someivhat reassurin m these eases under consideration 

refrigeration a total of 42 ( 84 ^n^ respect. In the 50 patients subjected to 
egeneration, by far fhp oent) have shown some degree of myocardial 

hand, 35 (94 per cent) dumber of grades I and 11. On the other 

with a definitely higher patients have shown similar changes, 

comparatively-. ^ Portron in the grades III and IV classification 

relatively minor differencL^of rmportance should be placed on these 

was done by three membei-s although the grading in each instance 

few and minor diserepanci ° 07 ]^ rJcpartment independently with only very 
apparent or significant diffe seems fair to state that there is nc 

tion in the tw-o groups once m the actual incidence of myocardial degenera- 

Respiratory Tract ^Tn 

respiratory tract, one evaluate the data relating to the 

’ let of the incidence and relationship of broncho- 
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pneumonia to refrigeration, is obviously paramount. AVe have already seen 
in presenting the figures from the group of patients with breast cancer that 
the existence of pulmonar}’ metastases seemed to increase the likelihood of 
the development of a bronchopneumonia during generalized refrigeration. 
However, in the comparable scries of cases of breast cancer in tJie nonrefrig- 
crated group the percentage incidence of terminal bronchopneumonia was 
identical (67 percent) in the metastatic and nonmctastatic cases. 


Tadix VI 

Comparative Finthkos (A) ix 41 P.^tients With Miscei.las'eoi's Mauokancy axd (B) 
IN' Entihe Comiun*ei> Gitoi'r.s — 01 Patif.s'ts 


Hean 

Lungs 

LWer 

Spleen 

Kidneys 


Adrenals 

Orajj. 

Brain 

IVtoia 


and 


formal 

Jlyocardosis I 

U 

Myocardosis III and 
IV 

Metastasis 

Bronchopneumonia 

Lobar pneumonia 

Metastasis 

Toxic changes 

Met^tasis 

Toxic changes 

Metastasis 

Toxic nephrosis 

Pyonephrosis 

Metastasis 

Metastatic extension 
Pancreatitis 
Metastasis 
Toxic changes 
Metastasis 
Metastasis 
itetastasis 
Metastasis 
Edema 
Metastasis 
Metastasis 
Metastasis 


(A) 

(B) 


NON- 


NON- 


ftr.FUIOEn.ATED 



(2 

7 

CROUP 

(14 

PATIENT.N) 

(50 

CROUP 

PATIENTS) 

P.VTIENT.S) 

P.\ TIENTS) 

NO. 


NO. 


NO. 


NO. 


PA- 

% 

PA* 

% 

PA- 

7c 

PA' 

7c 

TIENTS 


TIENTS 


Tir.NTS 


TIENTS 


4 

15.0 

1 

7.1 

0 

12.0 

2 

5.4 

19 

70.0 

10 

71.4 

34 

08.0 

23 

02.1 

4 

15.0 

3 

21.4 

S 

10.0 

19 

32.4 

5 

18.5 

Jt 

21.4 

5 

10.0 

G 

10.2 

18 

60.0 

0 

04.2 

30 

CO.O 

19 

51.3 

1 

3.0 

0 

.. 

1 

2.0 

1 

2.7 

9 

33.3 

5 

35.7 

24 

48.0 

17 

45.D 

17 

03.0 

7 

50.0 

31 

02.0 

15 

40.5 

7 

20.0 

5 

35.7 

19 

3S.0 

17 

45.9 

10 

37.0 

0 

42.8 

35 

30.0 

8 

21.0 

4 

15.0 

4 

28.5 

5 

10.0 

5 

1.3.5 

14 

51.0 

7 

50.0 

22 

44.0 

12 

32.4 

3 

11.0 

4 

28.5 

5 

10.0 

5 

13.3 

0 

22.0 

2 

14.2 

9 

18.0 

4 

10.fi 

3 

11.0 

1 

7.1 

C 

12.0 

o 

5.4 

2 

7.4 

0 

« 

5 

10.0 

0 

- 

5 

18.5 

1 

7.1 

8 

10.0 

3 

8.1 

5 

38.5 

_ 

- 

7 

14.0 

- 

- 

0 

22.0 

4 

28.5 

12 

24.0 

10 

27.0 

5 

18.5 

4 

28.5 

G 

12.0 

5 

13.5 

2 

7.4 

1 

7.1 

7 

14.0 

7 

18.9 

2 

7.4 

1 

7.1 

7 

14.0 

5 

13.5 

10 

37.0 

3 

21.4 

16 

32.0 

_ 

- 

3 

11.0 

0 

_ 

7 

14.0 

3 

8.1 

7 

2 

26.0 

7.4 

3 

0 

21,4 

- 

19 

4 

38.0 

8.0 

7 

0 

18.9 


^ consideration of both entire series, including the 
inci^g cancer of the breast, as is shovN-n in Table VI (B), we find the 
‘>>e tcirifrenf!/ ''‘’‘'''chopneumonia is practically the same; 60 per cent in 
''"westing to^t P®'' ®®nt in the nonrefrigerated group. It is 

hoth *** down these figures in the refrigerated group in 

^ presence of metastases and to the amount of generalized 

St 

’'clationsh^''^^S^’ drawn from these figures in respect to 

""'Irol patients n, '‘’iH pneumonia? tVe have seen from the 

® at there is a normal expectancy of at least 50 to 60 per 
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cent of pneumonia in terminal malignancy, and that there is no appreciable 
diiferenee in incidence between the persons with and without pulmonaiy 
metastases. 

In the experimental series of 50 eases there occurred a total of 32 eases of 
bronchopneumonia. However, we must exclude those cases which occurred in 
patients who received only local refrigeration, i.e., 9 cases, as these cases could 
more properly be included in the control group. It is interesting to note that 
of the 15 patients treated only locally the incidence of pneumonia remains at 
the 60 per cent average level. 

Of the 23 eases of pneumonia which occurred in patients wlio undenvent 
“hibernation,” 13 (56 per cent), or only slightly over half showed the presence 
of metastases. If we exclude the 7 patients with breast cancer who had 
pneumonia, -we find that only 6 of the remaining cases (or 37 per cent) had 
metastases. In comparing these several figures analj'zed variously, one can 
only come to the conclusion that the presence of pulmonary metastases docs 
not significantly change the incidence of bronchopneumonia among patients 
undergoing generalized refrigeration. Likewise (and this is the point which 
above all wm have been interested in determining), if these statistics can he 
accepted as of real significance, then they all point inevitably to the conclusion 
that generalized reduction of bod.y temperature (“hibernation”) does not 
change the incidence of terminal pneumonia in patients suffering from ad- 
vanced malignant disease. 

Liver, Spleen, and Kidneys . — In grouping these abdominal viscera together 
for consideration, we are prompted by the fact that such changes as have been 
noted have all been strictly compai’able. There appears to he a slig >t } 
higher incidence of the so-called “toxic” degenerative reversible type of reaction 
observed in the refrigerated group than in the nonrefrigerated group, o 
other words, the mild, nonspecific granular changes seen so commonly m ' 
liver and kidnej^s have been noted about 10 to 15 per cent more frequently m 
patients who have undergone “hibernation” than in those who haie no 
However, one must take into consideration the pneumonic incidence in re a 
to these changes, the amount of absorption from degenerating tumor tissue, 
the presence of metastases, and so many other variable factors that it see^^-^ 
only reasonable to assume that such minor, changes as have been no e 
within normal limits of variability. Certainly thej'^ do not appear o 
sufficiently marked to be of any clinical importance. 

Pancreas . — In the pancreas, on the other hand, it is our 
we have pathologic changes among the refrigerated group which do no 
their counterpart in the nonrefrigerated group. "We might add that ® 
cases have given additional support to this contribution. "Wliile t le 
incidence of pancreatic degenerative and inflammatoiy changes is on } 
cent, it seems significant that no such changes have been found m 
group. These changes range from grossly apparent foci of 
hemorrhage or both, to similar lesions of much less magnitude, 
only microscopically. In line with Rich and Duff’s^ conclusions, 
recently those of Smyth,® these instances of so-called pancrea i is 
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offer Iiivtlier sulistantiation to llic theory of a vascular or circulatory origin 
in tlic (levdopmcnt of the tlcgcncrativc process. \Ve feel that the slowed rate 
of Hood flow may well he instrumental in producing tissue anoxia, followed 
liy the characteristic pathology of the parenchyma of the organ. It most 
certaiifl.v ofl'ci's a new approach to the experimental study of the condition. 

M lia.s already hccii commented n))on, the following of the.so patients 
during “hihcniat ion” hy daily hlood amylase determinations, as suggested hy 
oiiv Hoehemist, Hr. T!. II. namiltoii, is a propliylaetie measure which we liave 
carried out routinely in suhsequent studies. We are sure that at least one 
incipient severe instance of pancreatitis was prevented hy this means, the 
patient lining taken out of refrigeration with the sudden rise of the blood 
amylase to 1,100 units and the symiitoms sul)sc()ucntly subsiding with the 
return of the amyla.se io norm.al levels. 


Adraml Glands . — Xo comparahlc control figures arc available in respect 
H (lie adrenal glands. In going over tlie gross autopsy findings seldom was 
any comment found about an.v iiathologie changes in these organs. Unfor- 
tunately, as a result microsco|iie sections were available in only a tow instances. 
In vieiv of the tremendous importance which Selyc'' idaccs upon the adrenal 
glands in the defense mechanism of the body, it is to ho regretted that more 
efailed studies are impossilile. ^^fedullai-.v depletion and cortical hyperplasia, 
as described hy Selyc, have certainl.v been ohsorved in a nnmher of tlic 
ts rigerated cases, hut irregularl.v. In any suhsequent study more careful 
alfenfioi) should and will he paid to flic.se orgams. 

Braiii.—Partieular attention lias hcen focused clinically upon the central 
narious system of these patients during hihornation. The complete failure to 
^ara ,in) thing over the entire period, the dulling of the scnsorhim, the slowing- 
H 0 speech and under.sfanding, the complete mental recover.v with relief of 
been ^'^^alaehe, and not infrequeiitl.v the almost euphoric state which has 
ran noted, have all stimulated the Iteenest infero.st in nenrop.sthologic .studies. 

the I r patients coming to autopsy, permission was obtained to examine 
Hoes’ IJIetastasis was found in only three eases; hence this factor 

e.sc) Prominently into the picture. Eleven cases should perhaps be 

H-l pad l’®‘I’™ts had received onl.v local cold therapy. This still leaves 

rctrin"^"'!* considered; 11 of these received Ies.s than 50 horrrs of general 
lionr^ received from 50 to 150 hour's, and 5 had from 150 to 230 

“sot liihernation. ” 


entire * ””'5' grossly demonstrable pathologic finding in the 

“rcry i^jf* edema, which it must he admitted is often 

"ho had hmu^ *hing to estimate. However, edema was recorded in 12 patients 
fold ther and in an additional 4 who had received only local 

'heincid^^^ ''''' intere.sting similarity in the percentage figures of 

32 per*^*^ ° edema in (i) the group as a whole as shown in Table VI(B), 
1^1 1 of the^^u*’ persons refrigerated, i.e., 34 per cent; and 

0 pcnsoiis who were not refrigerated, i.e., 27 per cent. 
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From these figures it is apparent that generalized refrigeration in itself 
does not seem to be a significant factor in producing cerebral edema. The 
duration of the refrigeration period likewise does not appear to be significant 
in respect to either the incidence or the severity of the edema. In fact, the 
greater proportion of the cases Avere found in the less than 50 hour group. 

Microscopic study has failed to reveal any other pathology. No changes 
affecting motor and sensorj' neurones or glial* cells have been demonstrated. 
Nothing in the nature of an inflammatory encephalitic reaction has been noted. 
Indeed, both from clinical observation and from analysis of this pathologic 
material, we have been unable to date to demonstrate any harmful effects of 


refrigeration upon the central nervous system. 

Metastases . — A perusal of the ser’eral tables reveals at a glance how far 
advanced the cases of malignancy in this series have been, for the percentage 
involvement, Avith the exception of the lungs, is considerably higher in each 
organ system than tlie figures given bj* most authors. Such a study further 
confirms the rather characteristic distribution of metastases in the various 
forms of cancer udiich have lieen encountered, but adds little else, in this respect, 
to our previous ImoAAdedge. Prom the standpoint of the effect of refrigeration 
upon these metastatic foci, Ave are scarcely Avai’ranted in hazarding an opinion, 
based on the data aAmilable in this material. Since most of the patients died, the 
duration of life Avas so seldom more than a feAV Aveeks that one Avould scaiccj 
expect to find any convincing evidence of regression. Furthermore, it is ini 
possible to liave a trulj’’ representative base line — ^liiopsied tissues from^ 1 
metastatic areas. Thus, changes AA'hieh are demonstrable at autopsy ei ^ei 
grossly or microscopically* are not necessarily indicative of regression, 
result of refrigeration. Only time and a sufficient number of cases can esta is 


factual evidence in this regard. 

It is true that regressive changes are likely to be observed in 
static tissues from the refrigerated group. It is equally true that 
changes may be observed in any malignant tumor. Undoubtedly, it is 
impossible to exclude bias entirely in a matter AA’here one’s interest an en 
siasm are so closely bound up. Nonetheless, it is our impression that i ^ 
majority of those patients subjected to more than 120 hours of 
the regressive cell changes seem to be more marked, and to occui wnt i b 
regularity in persons subjected to refrigeration than in those who 
In no instance, however, has complete necrosis of any metastatic area 


observed. 


X-BAY STUDIES ^ ^ 

The only possible way to evaluate accurately the gross leoi*® 
metastatic tumor is by means of serial x-ray studies Avhere le„did 

lesion can actually* be measured at successive intervals. Throug i 
cooperation of the members of the Department of studifs 

W. E. Chamberlain, Dr. B. R. Young, and Dr. R. K Arbuc , 
were undertaken Avhenever possible as a routine control yar s 



SANO-SMITII; A CRITICAl. HISTOPATHOLOGIC STUDY 


455 


clinical and patliologic findings. Initial roentgenograms were obtained in 33 
of the experimental group. In 14 ot tliese no subseiiuent studies were olitained, 
in most cases beeanse of tbc deatli of the patient before sucli repeat pictures 
were indicated. Of the 19 remaining patient.s, 9 must be eliminated because 
their treatment was by local cold application only. Of tiio remaining 10, 
three had less tlian 50 liours of refrigeration, and four otlicrs liad from 50 to 
150 hours; only three received over 150 liours of generalized refrigeration. 
No change was noted by x-ray in tlie group having less tban 50 liours of 
refrigeration, nor in tlircc wlio were in tlie second group (tbc 50 to 150 hour 
series); no apparent change rvas oliservcd in one ot tlie tliree (a case of breast 
cancer [E. B.] with widespread skeletal metastasis) who had ns much as 230 
hours of hibernation. 


The other three cases perhaps merit individual eorament. Case 15 (E. G.) 
was a patient with advanced breast cancer who received local treatment for 
several months, and tlien, in the terminal stages of lier disease, was the first 
patient ever to undergo "hibernation.” All that can be said is tliat during 
the last three months of her life tlicrc was no increase in tlie size of any ot 
the skeletal metastases which in general had been progressive in character over 
the preceding six-month period. 

Case 47 (A. IV.) was a patient with carcinoma of the thyroid with wide- 
spread generalized and skeletal metastases, who was maintained under observa- 
im for about ten months. Host of his treatment was of the local type, but 
6 id receive about 120 houi's of gjencralized refrigeration. Following a 
ree-month treatment period, the x-ray examination revealed definite improve- 
®at of many of the lesions, and the discoveiy of no now areas. Five months 
air still noted in the lesions in the cervical spine, the ribs 

e avic e, but there was evidence of increased destruction in the pelvic bones. 
Phafi * patient who had the fulminating type of acute IjTii- 

Ihan'fh °‘^™rs in a child. lie received no x-ray treatment other 

he h il''* required for repeated pictures. Over a two-month period 

"as a periods of refrigei-ation, following each of which there 

as Well measurable decrease in the mediastinal area of involvement, 

®11 count spleen, accompanied by a profound drop in the white blood 
'"'ate regressive changes, however, were transitory and incom- 

spite of " eultures were obtained from cervical nodes at autopsy 

tissues " grossly appeared to be complete liquefaction necrosis of the 


aapehisions'*' ^ ^tata are totally inadequate with which to draw any 
tumor tissue effects of generalized refrigeration upon metastatic 

’’‘oi'iiicant t, ®a>eh data as we do have it becomes apparent that no 

temperatu”"'^ ^''rely to occur in much less than 240 hours of such 
^‘"ti 'vouy o • ®PPl’ration. AVhether complete regression of such metastatic 
frel that'*^'" extremely unlikely, bnt it does not seem unreasonable 

“iliw form,, liypothermy might well be an important adjunct to 

erapy. Its further exploration is urged. 
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SUMMARY 


1. The histopathologic findings of 50 patients with malignant disease sub- 
jected to local, generalized, or combined refrigeration are compared to those 
of 37 closely analogous terminal eases of malignancy given only the usual 
supportive treatment during the terminal stages. 

2. Critical analysis of the heart, lung, liver, spleen, and kidney findings 
reveals no very significant differences in the two groups. 

3. The occurrence of acute pancreatic changes, either gross or microscopic, 
in about 10 per cent of the persons given refrigeration is particularly discussed 
from the standpoints of etiology and prevention. 

4. The effect of refrigeration upon metastatic disease, as demonstrated by 
serial x-ray as well as autopsy studies, is discussed. It is suggested that at 
least 240 hours of such generalized refrigeration is apparently needed to induce 
any significant regression of such meta.stases, and that such regressions are of 
irregular occurrence onljL 

5. The further exploration of the use of reduced temperature as an ad- 
junct to other forms of treatment of cancer is urged. 
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CLINICAL AND EXPERIMENTAL 


THE DEVBLOPJIENT OF EOSINOPIIIIHA FOLLOWINC! IHVER 
THERAPY* 

Koiiix N. Allix, and Ovii> O. Meykk, J[.D. 

^Iadisox, Wis. 


INTRODUCTION* 

OINCE the institution of liver in the trealment of i)ernicious anemia, it has 
been a well-known fact that cosinophilia sometimes develops following the 
admistration of large amounts of raw or cooked whole liver. That cosino- 
pbilia may follow the oral administration of liver extract has remained a de- 
bated issue. A review of the literature has revealed no reference to the develop- 
ment of cosinophilia following the administration of parenteral liver extract. 

In 1927 AYatkins and Berglund* reported the development of a progres- 
sne y rising eosinophilia in a patient with pcnucious anemia. This patient had 
Jeen placed on a raw liver diet. Up to the eighteenth day of ohservation the 
peicentage of eosinophilcs had remained relatively constant, but from that date 
roquent differential counts through the fiftietli day revealed a progi’essive 
cosinophilia to about 48 per cent. Whitby® in 1928 reported the development 
pernicious anemia following the institution of 
rec^^ received raw liver only. One patient lind 

liveT*^ combination of raw and cooked liver, and one had received cooked 
philesT 'fi eleven wrecks after institution of therapy a rise in eosino- 

niax'^ ^ noted. In one patient receiving raw' liver alone a 

POft'eT^the^^ eosinopliilcs -was attained. Smith and AVhitby^ re- 

medic 1 of eosinophilia in patients convalescing from various 

a conditions after they had received a diet of cooked liver 

noted forty days. A maximum rise to 61 per cent was 
graeht ^ patient with Hodgkin’s disease. Jleulen- 

anemia ^ concluded that eosinophilia in the liver treatment of perni- 
POfried out ^ onarked and persistent form when treatment was 

sisted as <30868 of raw calves’ liver and that this eosinophilia per- 

^ases ranged f given. The increase in eosinophilcs in these 

^’'^nirol patient^ 

manner mn- ^ ^ goffering from vaidous other diseases responded in a like 
employ d usually absent when fried liver or liver extract 

5'-"ith'tv BrittonM^old to the view that eosinophilia occurs 

e a ministration of raw' liver and not with liver extract. Jlurphy^ 

^ouiiilanf ^leclicine. University of Wisconsin. Matlison. 

aided in part by a grant from the Wisconsin Alumni Research 
^ '■or publication, November 15. 1939. 
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states that in patients ingesting either whole liver or liver extract there my 
occur an increase in tlie nnmber of eosinophiles, in some eases to rather high 
levels. He reports one patient -who received whole liver and in whom thwo 
develojied an eosinophilia of 50 per cent of a total of 18,000 leucocytes. lYku 
this patient was given liver extract hy mouth, there was some decrease, Imt nd 
until the extract was given intramuscularlj’- were normal values estahlished. 

REVIEW OF CASES OF PERNICIOUS ANEMIA SEEN IN THE STATE OF WISCOX.SIX 

GENERAL HOSPITAL 

Since a review of tlie literature revealed few references to the development 
of eosinophilia following whole liver ingestion, no references to eosinophilia 
following parenteral liver therapj^, and conflicting views regarding the develop- 
ment of eosinophilia following oral liver extract, it was felt that a study of 
the cases of pernicions anemia seen in the State of Wisconsin General Hospital 
from September, 1925, through September, 1938, might he instructive. This 
review was undertaken for the purpose of determining what form or forms of 
liver therapy produced eosinophilia, and to what extent. 


Table I 

Analysis of Pebnicious Anemia Patients Seen in the State op 

Hospital Septembeb, 1925, Thbougu September, 19S8 


TYPE OF THEKAFY 

, TOTxVIi 
CASES 

KUMBEU 

1 ^VlTI^ 

1 EOSINO- 
PHILIA 

PER CENT 
OF TOTAL 
WITH 
EOSINO- 
PHILIA 

No specific treatment 

‘io 

1 24 

63.3 

Whole blood trans- 

9 

1 2 

22.2 

fusions 

1 



Wiiole blood (intra- 

! 1 

I 1 

lOQ 

muscular injections — 


i 

1 

5 c.c. twice a week) 



I 

Whole cooked liver 

13 

' 10 

76.9 

Estralin (Lilly) 

1 

! 1 

1 100 

Cofrou (Abbott) 

1 

! 1 

■ 100 

Oral liver extract No. 

2 

' 0 

1 0 


42S~Lilly 

Oral liver estraet Wo. 

29 — Valentine 
Oral liver extract Wo. 

343— Lilly 
ilixed liver therapy 


Intramuscular liver e.x- 

tract — Lilly 

TotaTcaies 


A VEBAUE 
MAXIMUM 
EOSINO- 
PHILIA 

5.D 


bemabss 


BosinopWlis oi !»• 
Imown cause _ 

: Individual maxiffiaffi 
i eosinophilia 
and 7.0% . ... 

Maximum eosmophnia 
obtained after ,, 
niontiis 


Various fern’s 

«ud parenteral rtO 

imlividunl. maWM® 

cosinophihn oW A 

Imlividnai 

eosinoffluiuLiiLiS-- 


Total number of cages receiving liver 

Total number of cases with eosinophilia after liver therapy 
(excluding 6 case.s with allcvgie background) 


87 (38^89^ 


well as for the experimental 


For tlie purpose of this study, as well as tor the oxpeiiu 
reported in this article, a percentage of eosmophile.s in excess 
sidered abnormal. 


of four ''^3® ' 
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A total of 279 eases of i)cniicious aiicmin -was sliidicd. Of those, 224 re- 
ceived some form or forms of liver therapy, aiul of this latter j^roiij) 87 showed 
an cosinophilia at some time. The results arc summiirized in Table I. 

As frequent differential counts were not routine, it was impossible to de- 
termine: (1) the interval between institution of liver therapy and the begin- 
ning of eosinoplnlia, and (2) whether or not there occurred a gradual pro- 
gressive eosinophilia throughout the i)criod of liver treatment or merely a 
sporadic increase in eosinoi)hiles. 


RXrKIlIMKNTAL STUDIKS 

An effort was made to study more closely the cosinoi)hilic response to 
various forms of liver treatment in well or nearly well individuals, and to com- 
pare this response to that seen in ])alients with ])ernicioiis anemia who had 
received no liver therapy and from whom no allergic history could be obtained. 


ilKTIIODS 

In studying the four control cases, seven diitorent “rcgimciKs” were em- 
ployed. Two patients received 0.5 c.c. of IjiUy’s roticiilogen intramuscularly 
everj’ other day for a total of seven injections. Two i)aticnts received 3.0 c.c. 
of Lilly's liver extract intramuscularly every other day for seven injections. 
Three patients received onc-lialf pound of cooked whole beef liver daily for a 
I'Miod of fourteen days. 

The patients with iiernieious anemia were treated according to the regular 
Sc edule for uncomplicated pernicious anemia. They received 3.0 c.c. of Lilly’s 
ex ract intramuscularly every fifth dav throughout the entire period of their 
hospitalization. 

All patients were followed for at least one month. Total leucocyte counts 
made in duplicate. The percentage of cosinophilcs was determined each 
counting a total of 400 cells on three cover slip smears stained by 
^ o cj s method. In all persons with pernicious anemia and in some of the 
threat* ^^^^***^ made daily. In no instance were counts made less than 
timeof d*^^ (2^^^ always made at approximately the same 

to liver establish or rule out any correlation between skin reactions 
tesr'^ Pathologic increases of eosinophiles following liver therapy, 

experiments before institution of treatment and 
liver extr ^ uiontb of therapy. For these skin tests 0.05 c.c. of Lilly’s 

^axiinum^^^ ^^ijected intracutaneonsly. Experience revealed that the 
leactim after five minutes. It was arbitrarily decided that 

f O'^ing psciidopods should be taken as positive. The appearance 
Eoiuteen of considered rcpi-escntative of a positive reaction, since 

cell normal tested individuals developed wheals. 

follows: control and anemic cases, with a brief resiime of each, 

Irachireil mule, 32 years old (95023). Diagnosis: delayed union 

' ani] the hospital on iive previous admissions when 

^ m white blood cell counts were made, and only once w’as on elevation of 
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eosinopliile count above normal noted, and that to 5 per cent. The initial skin test levealel 
a wheal approsiniatel 3 ' 25 mm. in diameter without pseudopods. Lillj-’s liver e.vtract regimen 
was then instituted after an initial blood count (see Chart 1). Fifteen days after the begin- 
ning of treatment an eosinophilia of 4.25 per cent was noted. A ma-vinmm response of 7.io 
per cent was attained on the twenty-first day. The skin test at the end of the first month 
remained essentially unchanged with no pseudopods. After a rest period of ten daw the 
patient received whole cooked liver irregularly for one week, followed bj' a period of tiro 
weeks .during which he was given one-half pound of whole cooked liver dailj-. On the thirtieth 
day following tlie institution of the whole cooked liver regimen, a maximum eosinoplnlia of 
7.25 per cent was attained. As shown in Chart 1, a progressive eosinophilia did not occur 
following eitlier regimen, and witli the intramuscular extract eosinophilia did not develop miti! 
after liver therapy liad been stopped. 



to he significant. 
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Anahjsis of Control Coses . — Of the four control patients onlj- one, Case 1, 
showed a definite oosinopliilia and that, was of aiiproxiinately the same degree 
following cooked liver and intramnscular liver extract. Skin tests before and 
after the first regimen were considered to he negative. Skin tests on the remain- 
ing three controls were also negative and in none of these did an eosinophilia 
develop. 

B. Fcmcioufi Anemia. — Case 1. 'Wlntc male, r»8 years oM (107507). The initial skin 
test revealed a \\hcal 17 by 17 by 2 nini. with no |isoii<]o|io<ls. The patient did not develop 
eosinopWlia during the month’s observation when he received 3 c.c. of Lilly’s liver extract 
intramuscularly everj* five days. 

Case 2. White male, aged Go years (20fi098). The initial skin test revealed a wheal 
15 by 16 hy 2 mni. with two pscudopods about 2 mm. in length. Only one xlifferential leucocyte 
count was obtained before institution of therapy. The patient developed a slight eosinophilia 
on the sixth day of parenteral liver extract tliera]>y, but tins was irregularly present there* 
after with a maximum eosinophilia of 5.75 jtor cent on the thirteenth day. This level was not 
considered to be significant. A skin test at the conclusion of the experiment was not obtained. 



"'^^J'lihv'’ 50 years old (27360C). The initial skin test showed a wheal 

'^dth. Th'g thr^^ three pseudopods, two of which were 10 mm. in length and 2 mm. in 
^tore parenteral ~ in length. Only one differential count was obtained 

^^nve eosinoph'l* started. Chart 2 depicts the development of the pro- 

on the taent*^ ' eighteenth day and attaining a maximum of 9.75 per 

wsinonbiiio Although liver thcrapj' was continued, the subsequent level 

<Wrty-nmtU 

^ o-o per cent. 


therapy 

y-ninth day, the last day of observation, varied between 


18 mm. ivittj" ^ emale, cO years old (207666). The initial skin test showed a wheal 
twice during The patient exceeded the normal percentage of eosinophiles 

cent. The observation, when she developed a maximum eosinophilia of 

1 mm. With t ^ period of observation revealed a wheal 14 by 

1 mm. and 17 by 2 mm. That a profound eosmo- 
® ope with further observation can only be surmised. 
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Case 5. White male, 72 years old (105381). The initial skin test revealed a nteal 
14 mm. in diameter with one pseudopod 5 mm. in length. TJie patient ’s hiood siiowed a 
normal eosinophile count throughout the period of observation. A final skin test revealed a 
wheal 12 bj- 15 by 0.5 mm. with no pseudopods. 

Atial9/sis of Cases With Pei'iiicious Anemia . — Of the five patients rvitl! 
pernicious anemia only one, Case 3, developed a definite eosinophilia. Cases’! 
and 3 had positive initial skin tests. Case 1 had a negative initial skin test and 
developed no eosinophilia. Case 4 had a negative initial skin test and developed 
no significant eosinophilia bnt had a positive terminal skin test. Case 5 had a 
positive initial skin test, developed no eosinophilia, and had a negative terminal 
skin test. 

DISCUSSION 


A review of the records of patients ivitli pernicious anemia seen in the State 
of Wisconsin General Hosjrital revealed the development of an average maxi- 
mum eosinophilia varying from 6 to 11.25 per cent in 87 of the 224 persons who 
had received various forms of liver, and in whom other causes of eosinophilia 
were eliminated. However, 24, or 53.3 per cent, of the 45 patients who had 
received no specific treatment and in whom no allergic basis could be discovere 
showed an eosinophilia, although the average maximum rise was to 5.9 per cen 
only. No persons hi this series z’eeeived raw liver alone. Of the persons trea e 
with whole coolced liver, 76.9 jrer cent developed eosinophilia. This incidence o 
eases developing eosinophilia was higher than that for any group I'eceivjng o 
types of liver therapy. The lowest frequency of eosinophilia 
liver treatment was that following oral extr’act (Lilly’s No. 343), being on j ^ 
per cent. The instances given in Table I, where only one or two cases 
a specific type of treatment, are not considered. Important!)', 
showed that 45.5 per cent of tire patients who received intramuscular 
tract developed eosinopliilia with an average maximum rise to 11.2o 
The degree of eosinophilia in this gi-onp surpassed that of any other lec 


liver therapy. . _ ■ -jj,;;. 

It follows, therefore, that eosinophilia may occur in patients wit i 
anemia wlio have received no specific treatment and in whom there is no 
allei’gic or pai’asitic basis (stool examinations for intestinal 
routinely on all eases of pernicious anemia) ; that eosinophilia maj 
lowing cooked liver and orally and parenterally administered fixer 
apparently more freqircntly following the former'. In no type of t om 


ever, is this eosinophilia a regular oceuiTence. expert- 

Although definite deductions could not be made from this 
mental series, the results tend to show that eosinophilia may pfcvi- 

lar liver extract therapy. Further, it is borne out, in agreemeiit xw j,ggpQ[i«e 
ously held view,'’ * that eosinophilia folloxx-iiig liver therapy is j, 5 (ffeen 

(reeuliar to pernieions anemia. No correlation could be forme j.jp],crai 

skin tests xvith liver extract and the dexmlopment of eosinophilia m jiHergk 
blood. This, of course, does not prove that the eosinophilia is no 
irhenomeiion but rather that .skin tests xvith liver extract, as "V jjjijgnis.v 
extracts, may be rmreliable. The experimental ca.ses slioxv that eosm 
develop after lix-er therapy has been stopped. 
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SHMIIARV 

1. Of the 279 patients with pernieious anemia seen in tlio State of AVis- 
consin General Hospital from Sc])tcml)er, 1925, through Septemher, 1938, 224 re- 
ceived one or more forms of liver tlicrai)enlically. Allergic states ami parasitic 
infestation had been excluded in each instance. Of thi.s group of 224 cases, 87 de- 
veloped eosiiiophilia at some time or other. However, cosiuophilia of lesser 
degree was found in 24 of 45 ea.ses in whom no evidence of allergy could be found 
and who had received no form of liver uj) to the time oosino])hilia was discovered, 
liesults of this review are analyzed in Table I. 

2. Pour control patients, who had no systemic disease and from whom no 
allergic history could be obtained, were observed for periods of one month fol- 
lowing institution of liver therapv. Only one developed an eosinophilia. 

3. Five previously untreated patients with pernieious anemia were similarly 
observed. One person dcvelo])ed definite eosinophilia while receiving parenteral 
liver extract. 

4. An attempt to correlate a local dermal reaction to liver e.xtract and the 
dculopmcnt of eosinophilia was unsuccessful. 


CO.VCLUSIO.XS 

The feeding of whole liver and the administration of oral and parenteral 
n« e.\tracts may bo followed by the development of eosinophilia in patients 
'ut pernicious anemia as revealed b.v the analysis of the records of such pa- 
tents seen in the State of AViseonsin General Hospital. 

Experimental studies revealed that: (1) Eosinophilia may follow the ad- 
Mnistrafion of whole liver and parenteral liver extract in irresumahly normal 
‘'1 uals; (2) eosinophilia may occur in patients with pernicious anemia fol- 
owiug the parenteral administration of liver extract; (3) eosinophilia so in- 
nee m.iy persist after cessation of liver therapy. 

in» th demonstrated that the eosinophilia, sometimes found follow- 

'>een ex ^1 liver, is an allergic response nor lias this possibility 

fnf o'™ " investigation will be ncec.ssary to establish tlie cause 
eosmopluha resulting from liver therapy. 
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PRECIPITIN REACTIONS IN RHEUMATOID ARTHRITIS 


J. Graham Bruce, M.D., and Margaret Caswell, A.B. 
Springfield, Mass. 


S INCE the clinical course and patliologic findings of rheumatoid avtlwith 
differ from osteo-arthritis, it is reasonable to presume that they also have 
separate etioiogic factors. In the etiologj'- of rheumatoid arthritis, the con- 
tributing factors are many, such as environment, heredity, avitaminosis, faulty 
metabolism, infection, and psychic trauma. Of all these factors, infection is 
believed to plaj^ a prominent role, and the Streptococcus licmohjticvs is impli- 
cated in some way as suggested by the agglutination reaction.' The infection 
hj'pothesis is bolstered also hy^ the fact that rheumatoid eases show an elevateii 
sedimentation rale, a rise in serum globulin and a lowering of senm albnmuii 
an elevated fllament-nonfilament count, and a positive agglutination and pre- 
cipitin reaction to Streptococcus licinoli/ticnsr 

In this study we are presenting a series of cases of arthritis in which strep 
toeooeus precipitin reactions were done. Comparable agglutination 
have been done by numerous investigators. NiehoIIs and Stainsby'^ m ' 
using a “typical sti'ain” of Streptococcus hemolyticus, obtained a 
tination in “practically all cases.” In the following year Clawson and 'i ea if 
by,' and Dawson, Olmstead, and Boots,® found that 59 and 6T P®^ 
speetively, of rheumatoid types presented a positive agglutination. 
in 1934 observed that the blood sera of 90 per cent of 87 cases of 
arthritis were positive. He used both living and heat-killed antigens, i 
all these men used a “typical strain” of Streptococcus hemolyticus. 


METHOD 

Using the hydrochloric acid extract as antigen, Neil and Hartm^ ygaction, 
showed the precipitin reaction to be comparable to the acid 

in which liim bacteria were used. IVe, therefore, used the hj 
extract as antigen because of the difficulty in keeping a growth o ® 
alive. The method of obtaining the extract from a cultuie o follovrs: 
hemolyticus, using the Uaneefield method, Porge modification, is 
a liter of plain broth having pH 7.6 is inoculated with 6 c.c.o^ eighkf’' 
broth culture of Streptococcus hemolyticus and incubated at 37 ■ 

hours. The broth culture is then centrifuged and the precipitate is - ^ 

in 0.85 per cent sodium chloride. Normal hydrochloric acid is a ^yolumc 
Z’esulting concentration of twentieth-normal. This acidified tfi® 

approximately 15 c.e.) is immersed in boiling water for fifteen ypsuiting 
cooled to room temperatm-e and centrifuged for thirty minutes. 


Received for publication, November 15, 1939. 
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supernatant is neutralized with sodium hydroxide, and the prceiiiitate is dis- 
carded after centrifuging. Tlie crystal-elcar, slightly yellowish supernatant is 
the crude antigen and is ready for use. 

The type-specific fraction designated as “51” may he obtained from this 
crude antigen by a scries of extraetion.s, using ethyl alcohol and sodium acetate. 
Howerer, since Neil and Ilartung" in their study demonstrated that the crude 
antigen gave as many positive precipitin tests as the refined alcoholic extract 
containing the type-specific “51” fraction, and lc.ss than 0.1 per cent carbo- 
hydrate, only the crude antigen was u.sed in this series. Three different anti- 
gens were used in the coui-se of the.se precipitin reaetions. The organism used 
in all three antigen preparations was a Sfrcpiococcus hemotyticus, beta type, 
freshly isolated from pathogenic sources. 


Table I 

Pr.rapm.v Reaction in P.atients With RiiECsr.AToin Axn Mixed Aiitiiiiitis 


AOE 

nUIlATIOX 

rnecir- 

TYPE 



ITIX 

G8 

l.O years 

000 

Mixed 

45 

4 rears 

XOO 

niicumatoid 

49 

10 vears 

XXX 

Rheumatoid 

50 

9 years 

000 

Rheumatoid 

04 

8 years 

000 

Mixed 

23 

9 months 

000 

Rheumatoid 

50 

9 montlis 

xxo 

Mixed 

40 

3*/. years 

XXX 

Rheumatoid 

43 

3 years 

XXX 

Rheumatoid 

38 

8 years 

XXX 

Rheumatoid 

70 

14 years 

000 

Rheumatoid 

04 

IS vears 

X — 

Rlieumatoid 

47 

2 years 

000 

Mi.xed 

GO 

2 years 

xxo 

Mixed 

52 

0 months 

000 

Mixed 

20 

3 years 

xxo 

Rlieumatoid 

53 

3 vears 

XXX 

Rheumatoid 

37 

7 inontlis 

000 

Rheumatoid 

33 

5 years 

xxo 

Rheumatoid 

40 

1 year 

000 

Rheumatoid 

30 

5 montlis 

XOO 

Rheumatoid 

02 

8 \’ear8 

XOO 

Rheumatoid 

44 

24 years 

XOO 

Rheumatoid 

02 

3 years 

XXX 

Rlieumatoid 

07 

3 weeks 

XX- 

Rheumatoid 

48 

3 weeks 

XOO 

Rheumatoid 

GO 

25 years 

XXX 

Albeed 

4i 

4 weeks 

xxo 

Mixed 

04 

9 years 

xxo 

Rheumatoid 

35 

2 months 

XOO 

Rheumatoid 

52 

28 

1% years 

4 year.s 

XOO 

ooo 

Rlieumatoid 

Rheumatoid 


CASE 

xo. 

1 

2 

3 

4 


7 

S 

9 

10 
11 
12 
13 
U 
13 
IG 

17 

18 
19 



A. Boe 
M. Ba5. 

IL. r. 

r. 

II. ir. 

Miss P. 

Hus Tim 
1I«. p. 
ilrs. M. B. 
M. B. 

M. Bo. 

A. Bas. 

G. St. 
ilff. J. Ila, 
L. 

- iv. 

Y. D. 

E. Y. 

E. P. 

L. T. 

R. X 
E. B. 

I- MaeP. 

K. H. 

D. J, 

11. p 

E. Oin 


F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

At 

F 

il 

F 

F 

JI 

F 

F 

F 

F 

M 

U 

F 


•Arthritis 
practically 
burned out 


j 22 results 

sera or mixed type there were 22, or 68.7 per cent, 

with positive precipitin reaetions. These results compare favor- 
fa.sosi ol ^ workers, mentioned previously in this report. The 

•normal eonf>>nir ivitli hut a few exceptions, gave negative results. The 

"ere also all negative. 







466 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Table II 


Pkecipitin Reactions in Patients With Osteo-arthbitis 


CASE 

NO. 

PATIENT ! 

SEX 

AGE 

DURATION OF 

disease 

PRECIPITIN 

REMAEKS 

1 1 

Mrs. E, A. 

p 

56 

2 years 

000 


2 1 

Mrs. C. D. 

F 

66 

8 months 

000 


3 1 

A. C. 

F 

52 

6 months 

000 

Agglutination, 







negative 1-SO 

4 

L. K. 

F 1 

56 

S years 

XXX 1 


5 

Mrs. M. K. 

F i 

53 

2 montlis 

xoo 

Also had varicosf 







ulcer 

0 

E. K, 

F 

3S 

4 years 

000 


7 

J. Le. ! 

M 

62 

2 months 

000 


8 

;J. Li. 1 

JI 

49 

8 years 

000 


9 

iMiss T. 

F 

73 

10 years 

000 

1 

10 

;Mrs. P, 

P 

01 

5 years 

XXX 


11 

L. C. 

M 

; 00 

6 months 

000 

1 

12 

iS. H. 

M 

50 

10 days 

000 


13 

[P. P. 

F 

i 49 

10 years 

000 

i 

14 

A. Sig. 

P 

80 

8 j’cars 

000 

1 

35 

M. A. 

P 

53 

2 months 

xoo 

— 


Table III 

Precipitin Reactions in Normal Controls 


CASE NO. 

PATIENT 

SEX 

AGE 

1 

M. C. 

p 

28 

2 

D. H. 

p 

25 

3 

N. A. 

p 

24 

4 

J. G. B. 

M 

34 

5 

W. L. 

M 

32 

6 

J. Z. 

M 

23 

7 

S. 

M 

25 

S 

y. s. 

F 

24 

9 

L. s. 

M 

28 

10 

K. K. 

M 

25 


peecipiun 

" 0 ^ 
000 
000 
000 
000 
000 
000 
000 
000 
000 


Thus, it would seem that in the light of our present loioiyle ge 
arthritis, the Streptococcus hemohjticus is in some way implicate • 
has been produced expei'imentally in rabbits by injecting small amoui 
to 2 c.c.) of a broth culture of Streptococcus hemohjticus in 

sedimentation rates, as well as the streptococcus agglutinins, were 
these animals, whether they developed arthritis or not.® These 
tend to make one suspect the streptococcus as an etiologic factor, c.' 
the pathology produced in the joints clears up in a short time. 

However, it is more likely that the agglutination test is >^^ocs 

reaction is highly characteristic for atrophic arthritis, and Henc 
not bar the conclusion that the agglutinins present in tliese seia a 
of I’heiimatoid disease.”® The Wa.ssermann reaction is nonspeci eji 


action IS 

that it is not a specific test for the presence of the spiroc le e. atvopl'l*^ 
token the agglutination and the precijiitin reactions may be speci c 
arthi’itis, but without etiologic significance. ^ 

Other workers’” have shown that the agglutination titei mai 
month to month on the same patient without any change in t le 
rate or clinical course of tlie disease. These men feel that tie s 
rate is better as a diagnostic test than the agglutination reaction. 
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The ubiquitous streptococcus can be implicated; this is about all that can 
be said. :Most aiitliors agree witli this po.stuIatc. Jlorc work to nneover the 
exact etiology of rlicumatoid artliritis will liavc to be done l)eforc tlic exact role 
which the streptococcus plays can be determined. For the present, we may 
only say that the precipitins, as well as the agglutinins, in the sera of patients 
with rheumatoid arthritis arc indirect evidence that infection plays a role in 
the etiology of this disease. 


CONCliUSIONS 

1. Ill a series of 32 cases of rlicumatoid arthritis, the sera of 22 sliowod pre- 
cipitins to the Streptococcus hcmohfiicus in high tiler. 

2. Four out of 15 cases of osteo-arthritis had a positive precipitin reaction, 
and none of the normal controls were jiosilive. 

3. The precipitin and agglutination reactions to the Streptococcus Jicmo- 
hjtkus arc indirect evidence that the streptococcus plays a part in rheumatoid 
arthritis. 
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LEUCOCYTE CHANGES IN ACUTE PERITONEAL IRRITATION* 


Robert E. IL■it7^':lE4^*, M.D,, and Frederick yom Saac, M.B. 
Nisv? York, N. Y. 


S INCE tJie introduction of the Schilling count' into clinical hematology, there 
has been much interest in the so-called “shift to the left.” This is a term 
used to indicate an increased percentage of immature poljTnorpliomiclear leuco- 
cytes in the dift’erenlial count. Tire adult polymorphonuclear cells have treo or 
more distinct lobes, eomieeted bj’ a very fine, threadlike filament. Any poh- 
moj’ 2 ihonuclear cell without this definite filament is not adult, even if there are 
two or more lobes. There are many different terms used to contrast these two 
types of cells, such as mature and immature; adult and young; segmented anl 
uonsegmeuted; segmenters and band forms; filamented and noufilaroenfed; -'«• 
niented and juvenile plus stab or staff cells. It is now customaiy to gi’oup to- 
gether the juvenile and stab cells of Schilling’s classification, and to call a 
polymorphonuclear cells either mature or immature."’ ^ 

There is considerable difference of opinion concerning the normal^ 
centage of immature pol.vmorphonuelear leucocytes in tlie capillary 
Some'’ feel that normally thci’e are only 3 to 6 per cent of these^cells cow 
pared to the total number of white cells; and that anything above a ecu 
should be considered a shift to the left. Most of the more recent 
ever, follow the teaching of other authorities-’ and find a normal of a to 
cent, with the upper limit at 10 to 12 per cent. We consider i to 
normal; 13 to 20 per cent a slight sliift; 21 to 39 per cent a moderate si 
40 per cent and over a marked shift. _ ., 

The percentage of immature polyraorplionuclear leucocytes has eonsi 
diagnostic and prognostic value.'’ It is often assumed that a s 

left indicates only the presence of infection. However, a shift may also^ 
in rupture of a riseus, thrombosis (coronary and elsewhere), hemon' 
nancy, malignant neoplasms, acute ileus," bone marrow 
due to metastatic infiltration, and following various types of ecu e 


irritation. 

Since 1933, when the Schilling differential cormt was 
in this hospital, we have been impressed with the constancy of 
often e-vtremelj- marked, in eases of acute peritoneal irritation. 
lion has at times aided considerably in diagnosis. We, there patienh 

interest to I'eport a series of 132 differential counts in a group o 
4 vith various lands of acute peritoneal irritation, proved by opera ion 


•From tJie Venox HiU Hospital. Ketf York. 
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Several sources of error in our data must be recognized. The counts wore 
made by 5S interns; hence tlie human error must be considered. In addition, 
there is a moderate statistical error inherent in counting only 100 to 200 cells.'’'' 

As a result of these factors, the figures rcprc.scnt the usual conditions of medical 
practice in most hospitals. 


“PRIMAIIV” PERITOXITIS 

The group of D cases of "iirimary" peritonitis is most illuminating in this 
connection. By primary peritonitis we mean “those eases which suddenly de- 
velop peritonitis unassoeiated with evidence of a prc-e,\isting abdominal in- 
Jamniation. Of the 9 counts (Table I), all except one (32 per cent) show a 
marked increase in immature jiolymorphonuclear leucocytes (44 to 74 per cent). 
The patient with only 5,750 white blood cells had the highest percentage of im- 
mature cells (74 per cent). 


Tadlc I 


“Pr.ivrAnv“ Pcritokiti-s 


CASE 

W.I1.C. 

rOLYS. 

% 

l.\tMAT. 

7c 

ONSET OF SYMPTOMS 
TO TIME or COUNT 

1 

■■IgRglllllMI 

1)2 

74 

10 hour.** 

2 


G4 

.12 

24 liours 

3 


OS 

44 

11 hours 

4 

23,150 

89 

50 

18 hours 

5 

24,750 

S2 


72 hours 



05 

58 

4 liours 



88 

72 

5 days 

9 

Arpraffe 


09 

9S 

80.4 

4T 

44 

52.0 

4 days 

15 hours 


perforated peptic uhcer 

not shows the counts of 24 cases of perforated peptic ulcer. It will be 

On'tl,* constant in this group of cases as in the pi'eceding. 

exam there is a definite trend for a rather marked shift. One 

tile'"'' ^ ®nffice to show how rapidly the immature cells may be poured into 
Penp erap blood after a perforation of an abdominal viscus. 


atlmitteU to the hospital for a partial pyloric obstruction from 
"ere ""s no suggestion of a perforation; his temperature and pulse 

® vrre imuiat ^'^^'ential count .showed 86 per cent polymorphonuclear cells, of which only 
terrific e hours after admission the patient complained of sudden onset 

fifteen nnd the diagnosis of perforated peptic ulcer was made clinically. 

eent poly onset of pain one of us did a differential count and found 93 

ite hetforatio^^^^. cells, of which 24 were immature. One and a lialf Itours after 

ttoro were before operation, the count was repeated by the same observer, and 

diagn^^'^ pniyatorphonucleaT cells, of which 39 v’ere immature. Operation 


VTe h ffftfUKATIOX OR gangrene op small intestine 

"••h perforati'^^'^'*^'^^^ ™ Table III the results of 17 counts done on 6 patients 
'kose vfith ghngvene of the small intestine. These persons, including 

'"'^hlcnt perit^^f whom a definite perforation could not be found, all had 
fluid containing organisms. The large number of counts 
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Table H 

Perforated Peptic Ulcer 


CASE 

W.B.C. 

POLYS. 

% 

IMSIAT. 

% 

QN^ET OF SYMPTOMS. 
TO TIME OF COl'^JT 

10 

9,000 

67 

18 


11 

9,350 

75 

31 


12 

9,960 

91 

46 


13 

12,100 

95 

22 

10 hows 

14r 

13,000 

90 

30 

1 hour 

15 

13,650 

90 

22 

18 hours 

16 

13,750 

98 

39 

3 hours 

17 

14,500 

85 

46 

24 hours 

18 

14,750 

90 

9 

6 hours 

19 

15,000 

78 

28 

4 hours 

20 

15,050 

88 

47 

2 hours 

21 

15,200 

90 

20 

10 hours 

22 

15,650 

88 

47 

5 hours 

23 

15,800 

84 

26 

17 hours 

24 

15,800 

80 

32 

4 hours 

25 

16,500 

94 

36 

6 days 

26 

16,550 

94 

81 

16 hours 

27 

18,600 

66 

13 

3 hours 

28 

18,700 

87 

IS 

0 hours 

20 

19,150 

98 

18 

5 hours 

SO 

21,800 

92 

36 

4 hours 

31 

22,500 

78 

IS 

10 hours 

32 

26,400 

88 

32 

7 hours 

S3 

Not done 

92 

24 

i hour 

33 

Not done 

97 

80 

lA liuulS 

Average 


86.5 

31.1 

— — 


Table III 


Perforation or Gangrene op Small Intestine 




CASE 

W.B.C. 

POLYS. 

% 

IMMAT. 

% 

onset of SYMTI^ 
TO time of C01J2L 

34 

34 

35 

36 

37 

35 

38 

36 

35 

35 

39 

39 

35 

37 

39 

37 

36 

Average 

3,650 

4,700 

5,600 

7,000 

7,050 

7,200 

7,300 

10,000 

13.200 

15.000 

17.200 

17,800 

18.000 

19.500 

24,000 

28.500 

Not done 

64 

65 

90 

79 

59 

74 

79 

48 

84 

90 

84 

86 

96 

92 

90 

80 

61 

77.7 

63 

48 

40 

40 

37 

27 

? 

30 

29 

10 

24 

IS 

24 

24 

28 

22 

44 

.34.0 

? 

6 hours 

34 days 

4 days 

5 days 

51 liours 

7 days 

5 days 

30 hours 

6 hours 

15 hours 

4 hours 

18 hours 

12 liours 

10 hours 

24 hours 

6 days ^ 


lier person indicates the difficulty of arriving at a diagnosis in t ns 

and the consequent delay in operating. It is important to no 

eases ivith a loiv total white blood cell count the shift to the le t ^ j^jn 

marked. The practical significance of this observation is ei i eii ’ 

those cases with a low total white blood cell count that the suigeon 


unnecessarily. An example will illustrate this point. 

A 39-year-okl German barteniler was admitted to the hosph'fi yoniifiRP- i"*’ 

days of dull, intermittent niidabdominal pain, anorexia, nausea an< any troohA 

the past ten years ho had had a right inguinal hernia, which hud neier gi 
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On examination he was foiiml to have inarkp«l congestion of the tonsils ami i>harynx, a fen 
small axillary anti epitroehlear nodes, and a right indirect inguinal hernia with a relaxed 
external ring, admitting one finger. His temperature was 301.2“ F. and his puho was 100 on 
ddmission, hut both came domi to normal within twelve hours and remained normal. The 
initial blood count showed 7,000 white blood cells; polymorphonuclear cells 79 per cent, of 
which 40 were immature; lymphocytes 21 per cent. The next day the total count was 10,000 ; 
polymorphonuclear cells 4S per cent, of which nO were immature; lymphocytes 42 per cent; 
monocytes 0 per cent; eosinophiles 4 per cent. Tlie following day the total wliite blood cell 
count was not determined, but the differential count sliotved polymorphonuclear cells 57 per 
cent, of which 40 were immature; myelocytes 4 per cent; lymphocytes 24 per cent; monocytes 
11 per cent; eosinophiles 4 per cent. During the first four days in the hospital ho had no 
symptoms, but on the fifth day he dc\ eloped pain in the right inguinal region. The external 
ring was found filled with intestines. Shortly thereafter the patient reduced the hernia him- 
self. Operation was nevertheless advised, but was not considered urgent. The patient in- 
sisted on going home, for he felt well and wished to return to work. The next afternoon he 
returned in shock, nfter having vomited all night. He died two hours after rcadmission. 
Autopsy revealed two areas of gangiciie, 0 cm. apart, in the di.‘«tiil ileum, one recent and the 
oflier old. 


PERFORATED APPENDIX 

The cases of perforated appendix, eitlicr without abscess or with an abscess 
ofless than five days’ duration, arc listed in Table IV. In this group also there 
IS a tendency for those cases with a low total white blood cell count to have a 
more marked shift than those with a higher count. 

To show how rapidly and dramatically the blood picture can change, we wish to mention 
e case of a 2-year-old female child who was admitted to the hospital with symptoms and 
J'g'w Enggesting an acute abdominal inflammation. The initial count, made forty-eight 
ours after the onset of symptoms, was as follows: white blood cells 7,SOO; polymorphonu- 
c ear cells 62 per cent, of which hut 22 were immature; lymphocytes 3S per cent. This 
fie responsible for a sliou delay in asking the surgeons to 

tells SO hours later the count was while blood cells 4,000; poljTnorphonuclcar 

form A "'hich 70 w'ere immature; lymphocytes 20 per cent. Operation was per- 

™ immediately after tliis count, and a perforated appendix rvas found. 

PERFORATION OF SIGMOID DIVERTICULI 

tion^f recorded the results of 6 counts in 4 cases of perfora- 

shhu iliverticuli. All the counts, with one exception, show a marked 

icimatur Here again the low total counts were accompanied by a high 

inctea ? even when tlie polymorphonuclear cells were not markedly 

"MteTl ™ which no significant shift was recorded had a total 

Ptfoent'*” of 33,800 and a polymorphonuclear cell count of 93 

PERFORATED GALL BLADDER 

cholccvsft''^'-' I’J' clinicians that the severity of most cases of acute 

•ion o't tpr difficult to evaluate, and that an empyema or perfora- 

w chances may be present with very slight sjTnptoms and signs 

perforated ™n' n picture.'--*’ In our small series of 6 proved cases of 

centage of im^ ‘'*'lclcr only 1 out of a total of 9 counts showed a greater per- 
that the^d*"^^ (Table VI). It is unfortunate, but apparently 

®''Cfitv nf r cannot be counted on as an aid in diagnosing the 

- a cholecystitis. 
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Table IV 

Pekpobated Appendix 


CASE 


40 

41 

42 

43 
40 

44 

45 

46 

47 

48 

49 

50 
61 

52 

53 

54 

55 

56 

57 

58 

59 
00 
61 
62 

63 

64 

65 
06 

67 

68 

69 

70 

71 

72 

73 

74 

75 


Average 


ly.B.c. 

POLYS. 

% 

i JMAIAT. 

% 

ONSET OF SYMPTOl'.S 
TO TINE OF COOKT 

4,000 

5,400 

6,750 

7,150 

80 

65 

86 

94 

70 

34 

41 

74 

53 hours 

72 hours 

60 hours 

48 hours 

7,800 

62 

22 

48 hours 

9,100 

10,400 

86 

72 

40 

11 

72 hoars 

54 hoars 

10,600 

59 

25 

4 days 

5 days 

5 days 

24 hours 

11,500 

90 

52 

11,850 

91 

29 

13,200 

86 

35 

13,400 

95 

10 

72 hours 

13,700 

85 

33 

,36 hoars 

14,500 

85 

22 

25 hours 

14,700 

85 

48 

48 hours 

15,000 

88 

30 

72 hours 

16,200 

95 

40 

48 hoars 

10,800 

80 

20 

4 days 

17,200 

86 

16 

48 hoars 

17,700 

93 

10 

4 davs 

18,400 

90 

32 

72 hours 

18,600 

96 

48 

36 hours 

18,800 

88 

26 

24 hours 

19,200 

88 

25 

36 hours 

10,900 

76 

15 

48 hours 

20,000 

01 

26 

25 hours 

20,450 

S9 

28 

4 days 

21,400 

90 

25 

4 days 

24,200 

90 

9 

14 hours 

24,500 

96 

20 

4S hours 

24,800 

90 

29 

6 hours 

26,800 

83 

45 

4 hours 

27,100 

92 

68 

2S hours 

27,500 

96 

40 

21 hours 

29,000 

85 

28 

? 

30,700 

88 

19 

23 hours 

30,700 

93 

32 

,50 hours 

1 

86.0 I 

31.6 




Table V 


PerfopvATed Siomoid Divebticuli 


C^.SE 

W.B.C. 

POLYS. 

% 

IMMAT, 

% 

TO TINE or cojiS- 

76 

7,900 

84 

42 

■“ iFiiou^ 

77 

9,090 

70 

50 

52 hours 

,77 

9,500 

72 

42 

J8 hours 

7? 

13,950 

86 

o7 

40 hours 

7S 

24,150 

92 

74 

14 da.TS 

79 

33,800 

93 

16 

7SJmrs___^ 

Average 


83.8 

46.8 



HEMORRHAGIC PANCREATITIS 

The cases of acute hemorrliagic pancreatitis in our series 
too feiv to be discussed in detail. There is a tendency for an e.vtjemcf 
polymorphonuclear cell percentage and for a marked shift to the Idh ® 
the latter is not consistently noted. In typical instances of this disease, 
ivhich may be had from the blood count is unnecessary, as the clinical pie 
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a surgical abdominal emergency is so striking. If one mn.st attempt to dis- 
tinguisli between liemorrhagic ])anercntiti.s and coronary occlusion, as occa- 
sionally happens, it would appear that a very high polymorphonuclear count and 
a marked shift, especially if they occur rvithin a few hours after the onset of 
symptoms, favor the former diagnosis. 

Table Vf 


CASE 

w.n.c. ' 

rOLYS. 1 

% 

IMMAT. 

% 

ON'SET OE SYMPTOMS 
TO TIME or COUKT 

Perforated Gnlt Ifloddir 

SO 

4,450 

1 1 


5 (lavs 

SI 

30,500 

SO 

32 

44 <lavs 

S2 

33,500 

93 

OS 

32 hours 

83 

35,800 

SO 


2 hours 

84 

39,500 

92 

10 

? 

83 

20,400 

84 

12 

03 hours 

fiS 

22,500 

90 

so 

45 hours 

83 

23,000 

S8 

24 

10 hours 

85 

38,000 

90 

24 

21 hours 

Average 


ss.o 

23.9 


HemorrJtagic Pancrrottttfi 

86 


89 

42 

10 Jiours 

85 


90 

5C 

42 hours 

87 


90 

40 

? 

88 

21,000 

98 

29 

72 liours 

88 

20,150 

96 

21 

4 (lays 

ATeraee 

1 

92.<i 

38.8 



Table VII 





l.MMAT. 

jONSET or SYMPTOMS 


■KIHl 

% 

i TO TIME OF COUNT 



Hiiptured Ectopic Pregnancy 


89 

8S 

90 

89 

_ 91 

5,0jU 

9,850 

11,300 

15.000 

23.000 

20.000 

76 

SO 

76 

88 

84 

85 

38 

Go 

17 

34 

20 

32 

42 hours 

0 hours 

20 hours 

G days 

13 days 

50 hours 



82.5 

35.3 


— , 

Euptured Graafian Follicle and Corpits Lntexim Cyst 


7,500 

78 

0 

15 liours 


S,300 

84 

13 

GO hours 


8,400 

8,600 

80 

15 

25 hours 


84 

32 

72 hours 

95 

9,800 

11,200 

87 

83 

25 

12 

1 hour 

4 hours 


13,400 

71 

18 

4 days 


14,100 

84 

52 

9 hours 


19,300 

8G 

81.9 

22 

21.7 

48 hours 


IWTUBED ectopic pregnancy, graafian follicle, corpus luteuji cyst 

'Oatna'k^'l™ PWfuse hemorrhage into the peritoneal cavity may give rise 
^emottha! infectious process ; but usually if the 

tuptawi'tf* ™ sudden, the shift is not noteworthy. Three eases of 

°P>e gestation and seven cases of rupture of a Graafian follicle or' 
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of a corpus liiteum cyst are recorded in Table VII. The presence of a marked 
shift in a patient suspected of having had a rupture of an eelopie pregnancy is 
of considerable aid in deciding on an immediate operation. On the other hand, 
it is reassuring to note the low immature counts of the cases of rupture of a 
Graafian follicle or corpus luteum cyst, as these conditions do not require opera- 
tion. 


One patient rvho was known to be about two months pregnant had a white hlooii cell 
count of 9,850, rvith 86 per cent polymorphonuclear cells and 65 immature cells six liours after 
the onset of vague abdominal complaints. As the symptoms and signs were mild and as tliey 
rapidly subsided, she was allow'ed to go home. Site returned thirteen days later, was immedi- 
ately operated upon for a ruptured ectopic pregnancy, and died within a few days from 
uremia. If the extremely marked shift found on admission, and undoubtedly due to a sudden 
profuse intra-abdominal hemorrhage, had received due weight, this patient’s life miglit well 
have been saved. 

Table VIII 


CASE 

WLB.C. 

POLYS. 

% 

IMMAT. 

% 

ONSET OF SYMPTOMS 
TO TIME OF COUNT 

MAOXOSrS 


4,700 

51 

42 

6 days 

Volvulus 



63 

59 

64 days 

Volvulus 



95 

S3 

6 hours 

Site unknown 

Bs« 


90 

46 

10 hours 

Site unknown 

ra 

BBH 

87 

41 

12 hours 

Perforated Fallopian 
tube 

99 

15,150 

82 

20 

2 days 

Volvulus 

99 


71 

56 

5 days 

Volvulus 

103 


92 

15 

52 liours 

Periappendicitis 

104 


91 

42 

72 hours 

Periappendicitis _ 

Average 


80.9 

44.2 




MISCELLANEOUS CASES OF ACUTE PERITONEAL IRRITATION 


Various types of acute peritoneal irritation are gathered together in Tn e 
VIII, and it will be seen that the one thing tliese cases have in common is ii 
sudden peritoneal insult. Most of them show the typical marked shift) n uc i, 
when present with abdominal symptoms, is very important diagnosticall.v. ^ 
case will well illustrate the value of understanding the significance of a “d ’ 
immature count in an acute abdominal condition. 


A Ol-year-old female had been on the medical ward for ten weeks with 
cardiovascular renal disease. She had been decompensated on admission, hut was oing 
well when slie was awakened one morning by rather severe generalized abdominal 
vomited several times, perspired profusely, and had cold extremities. Examination ‘ 
the onset of sj-mptoms revealed diffuse abdominal tenderness, especially in the e 
quadrant. Her temperature was 98.0° F.; her pulse was 70; and her .^^1 

per minute. We were under the impression tliat we were dealing with an acute a 
condition of some sort. A blood count, performed shortly after the examination 
liours after the onset of tlic pain, was as follows: white blood cells 8,600; P®b™®'^F ^ 


sliift to the left) “ 
abdoniinal (.nf 


cells 95 per cent, of which SO ^Yerc immature. Because of tlic extreme 

diagnosis of acute peritonitis seemed almost certain. For tliis reason, an flpcfcs of 

was immediately performed and 1 c.c. of turbid, straw-colored fluid with numerous 
fibrin was removed. A smear showed a variety of gram-positive and gram-nega 
and cocci, later substantiated by culture. The organisms obviously entered the *1 ^.^^^ 11 ,. 
cavity from the intestinal tract, probably as the result of a leak through the c 
distended gut or following a mesenteric thrombosis. Because of the patient’s F®”'^ 
vascular condition, operation was deemed inadvisable, and strangely enougli, t m 
made an uneventful recovery in a few days and subsequently went home. 
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DISCUSSION' 

We wish to emphasize that in the presence o£ snspeeted abdominal pathol- 
ogy, a high percentage (over 35 to 40 per cent) o£ immature polymorplionuclear 
leucocytes in the ]iorii)licral blood suggests acute peritoneal inflammation, almost 
always reipiiring immediate surgical intervention. In Table IX the immature 
cell percentages of all the counts arc averaged according to the number o£ hours 
elapsing from the onset of symptoms to the time the count was done. This 
grouping brings out the fact that in this scries the average immature count is 
almost identical in tlio group in which the counts were done shortly (less tlian 
tea hours) after the onset of symptoms and in tlie group in which many hours 
or even days elapsed. It is, tliereforc, apiiarent tliat the shift does not depend 
so much on infoetion as on sudden peritoneal shock or irritation. Even a very 
fn- horns after the perforation of a gastric ulcer, for example, there is usually 
Doted ,1 eonsidcrahlo shift. This is evidently not dependent on an infection, hut 
IS probably duo to an inflammation of a chemical nature. 


Taoi.e IX 



ONSET OF SVJtPTOifS 

TO TlilE or COUNT 

1 AVF.Pv.vaE PRR CKNT 

' IMMATURE rOLYS. 


Under 10 hours 

i ’MM 


ll'SO houra 



Over 30 hours 

1 34.3 


TABI.F. X 


TOTAL VV.B.C. 

AV'ERAGE rr.U CENT IMMATURE POLYS. 

Under 10,000 

41.2 

10,000-20,000 

30.2 

20,000-30,000 

1 34.7 

— Over 30,000 

30.3 


this 


While 


one should consider tlie blood count as a whole, our c.xporience with 


senes of patients makes ns feel strongly — as do many others'' ” — that the 


'e„ice of .shift is tiic most important aspect of the hematologic picture in acute 
omiaal conditions, with the exception of gall bladder pathology. It must 
^ 1001 ^ slight or absent shift does not by any means rule out 

fe» severe intra-abdominal disease. It is of tlie utmost importance to 
leuco 'r ®l"'’lfiDanee of a iiigh percentage of immature polymorplionuclear 
from'T n presence of a low total white blood cell count. It will he seen 
the t ("i ^ ^ gi’eatcst shift on the average was in those cases in which 

lathe'* blood cell count was “normal,” i.c., under 10,000. It is often 
seems total white blood cell counts that delay in operation 

'"the *** sui'geon, whereas less attention to the total and more attention 
eoiee of shift would aid considerably in diagnosis and prognosis. 


CONCLUSIONS 

I'tcseiinH^u^*^'^ the ditferential blood smear is frequently 

2 ^ types of acute peritoneal irritation, even without infection. 

“ "*‘"“*<='1 sldft docs not eliminate the possibility of acute 
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3. In the presence of a low total white blood cell count, a definite shift is 
of especial importance in diagnosis and prognosis. 

4. Eepeated differential smears, properly interpreted, aid materially in 
deciding when and whether to operate for a suspected surgical abdominal emer- 
gency. 

We wish to express our sincere thanks and appreciation to Dr. Henry Henstcli for con- 
siderable aid in the preparation of the manuscript. Also to Miss Victoria Braun and her stall 
of the record room for their cheerful cooperation. 


REFERENCES 


1 . 

2 . 

3. 

4 . 

5. 

G. 

7. 

S. 

9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 
17. 


Schilling, V.: The Blood Picture and Its Clinical Significance, St. Louis, 1929, The 
C. V. Mosby Co. 

Farley, D. L., St. Clair, H., and Eeisinger, J. A.: The Normal Filament and Noniilament 
Polymorphonuclear Neutrophil Count: Its Practical Value as a Diagnostic AM, 
Am. J. M. Sc. 180: 336, 1930. 

Haden, E, L. : The Interpretation of Qualitative Changes in Neutrophilic Leukocytes, 
Cleveland CEn. Quart. 5: 184, 1938. 

Osgood, E. E.; Normal Hematologic Standards, Arch. Int. Med. 56: 849, 1935. 
Crocker, W. J., and Valentine, E. H. : Hemography in Diagnosis, Prognosis and^Tre.it- 
ment Based on 6,000 Schilling Hemograms, J. Lab. & CUN. Med. 20: 172, 1934. 
Cooke, W. E., and Ponder, E. : The Polynuclear Count, Philadelphia, 1927, J. B. Lippn>‘ 

cott Co. . T t vr A 

Eeznikoff, P. : Immature VHiite Blood Cell Counts in Infectious Diseases, J. A. -u. 
93: 963 1929. 

Needles, E. J. : A Neutrophilic Graph, J. Lab. & Clin. Med. 17; 962, 1932. 

Schilling, V. : Clinical Interest in the Enumeration of the Staff Cells, Eev, beige se. 
lOi 264 1938 

Klockner, G. : The Blood Picture as an Aid in Diagnosis and Indication for Operation 
of Atypical and Typical Cases of Peritonitis, Med. Welt. 9: 1622, 1935. , . ..j 

Demidova, P. N. : Blood Picture in Acute Heus, Vestnik khir. 56: 3o0, 1938 t 
in J. A. M. A. 112: 1775, 1939). ^ 

Mainland, D., Du Bilier, B., and Stewart, C. B.: The Accuracy of Differential 

Counts, Canad. M. A. J. 33: 667, 1935. white 

Goldner, E. M., and Mann, W. N.: The Statistical Error of the Differential 

Count, Guy’s Hosp. Eep. 88: 54, 1938. . w A J- 

Duncan, J. H. : Primary' Peritonitis; Pneumoooccic and Streptococcic, Lana . - • 

24j 77S. 1931. -n "NTp^v Tor^ 

Douglas, J. : Acute Inflammation of the Gall-Bladder and Biliary Du -j 

State J. Med. 37; 1119, 1937. . . » Fichtv fewn 

Wesson, H. E., and Montgomery, T. E. : Acute Cholecystitis: Eeport 
Cases, Proc. Staff Meet., Mayo Clin. 12; 500, 1937. 

Glenn, F. : Acute Cholecysti’^io, Surg., Gynec. & Obst. 69: 431, IJoJ. 



THE EFFECT OP BELLADONNA ON THE APPETITE OF PATIENTS 
AVITII OBESITY AND WITH OTHER DISEASES* 


James A. Greexe, M.D., Iowa City, Iowa 


IT VfAS noted in a previous report’ that relative inactivity was an important 
^ factor in the production of excess body weight in a majority of obese pa- 
tients. These findings indicate that the appetite was not reduced in proportion 
to the activity. That there is a disturbance in control of appetite in sueh pa- 
tients is supported by the additional fact that many patients state that hunger 
prevents them from adhering to a low calorie diet. Our interest in the control 
of hunger by medication was aroused several years ago when a patient stated 
repeatedly that she was able to follow a low caloric diet only so long as she took a 
medication which contained belladonna and bromide. This observation caused ns 
to prescribe tincture of belladonna alone, or in combination with bromide or with 
phenoharbital, to other patients without their knowledge of the purpose. 


Tadle I 


diagnosis 

TINCTURE BELIa.^- 

donna and 

BROMIDES 

TINCTURE 

BELLADONNA 

TINCTURE BELLA- 
DONNA AND 
PIIENOBARBITAL 

TOTAL 

APPETITE 

APPETITE 

APPETITE 

DECREASED 

NOT 

AFFECTED 

DECREASED 

NOT 

AFFECTED 

DECREASED 

NOT 

AFFECTED 

I^iabetes and 

24 

3 

3 


7 

2 

30 

obesitv 



1 


2 


o 

Katelei 











1 


1 


2 

.MpWti, 



1 






24 

3 

G 

0 

10 

2 

45 


Patic ''otod from Table I that the appetite was diminished in 40 of 45 

heli^'? ^ following the administration of such medication. These results, we 
tt'o would be obtained in a larger series of cases. That 

tt'c fact th"”' important factor in reduction of appetite is shown by 

at ten patients who omitted the medication of their own accord 


, . Riuiuins wJi 

'’aa varied noted 1 

of the effect as three weeks to as long as two years. The duration 


'’as varied jr"* noted that hunger returned. The duration of the effect 


medieatii 


in most patients appears to continue indefinitely as long as the 


n is continued. One patient with diabetes and moderate obesity 


— _ ar interest. She had never been able to control the diabetes because 
l»na Cm?"' '"a Department of ] 

H'KIvcd tor r 


f Internal Medicine, State University of Iowa, College of Medicine. 
>■ Puthcation, November 17, 1939, 
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hunger caused her to eat between meals. The administration of tincture oi 
belladonna, 10 drops three times dailj', before meals, eliminated this hunger and 
permitted her to control the diabetes. 


Another patient presented an unusual case. She was forced to limit her 
activity because of chronic pyelonephritis and hypertension. She began to gain 
weight following this diminished activity. The administration of tincture of 
belladonna decreased her food intake sufficiently to stop the gain in body veight. 
Omission of the drug at a later date was followed by gain in body weight and a 
constant body weight again followed the administration of the drug. The pre- 
scribed diet was not altered during these periods of observations, and she volun- 
tarily stated that her appetite was diminished during the periods of medication. 

The cause of the increase in appetite in patients with obesity is not known. 
Harrington- and Newburgh® concluded from their studies that many patients 
ingested food at frequent intervals because of nervousness or of habit. Our 
observations support this contention in certain patients, and it is for this reason 
that a mild sedative is of distinct aid in controllmg the appetite in such patients. 
AYe have had only three patients who were given phenobarbital alone. The 
appetite was not altered in two, but it was definitely decreased in the third. 

The fact that belladonna decreased the appetite in certain patients sug- 
gested that an alteration of motility of the stomach or small intestine may he e 
contributing cause. A series of investigations regarding this point ha\e been 
in progress in this clinic, and the results will be given in another report, 
and Slyerson'* have reported that benzedrine will also diminisli tlie appetite m 
certain patients. They state that this drug not only relaxes the stomach an 
intestinal tract, but also alters the mood of the patient and increases his 
well-being. Atropine may possibly havm some slight psychic effect in the o e* 
administered in this study-, but its principal effect is upon the gastro-cn 
tract. These observations indicate that the action upon the gastro-enteiic rac 
was the major one in decreasing the appetite of our patients with obesity. 


SUMMARY 

The administration of belladonna alone or with a mild sedath e deere 
the appetite in 40 of 45 patients. The relative number of patients aftee e 
doubtedly would be less in a larger series of cases. The causes for the cc 
in appetite are discussed. 


REFERENCES 


1. Greene. Jnmes A.: Clinical Study of tlie Etiology of Obesity, Ann. Int. Y 


12 : 


1939. . . , g 

2. Harrington, Marj- AI.: Appetite in Belation to Weight, J. Am. , 

3. Newburgh, L. Hi: The Cause of Obesity, J. A. M. A. 97: 1 G 59 , 19ol. j^eatmeri u 

4. Lesses, M. P., and Alverson, A.: Benzedrine Sulfate as an Aid in 

Obesity, New Eng. J. Med. 218: 119, 193S. 


; 101 , 



TOXIC EFFECTS OF SULFANILAJIIDE, SULFAPYEIDINE, AND 
RODILONE IN ANOXIA* 


G. A. Esiersox, Ph.D., D. W. Northui-, Pii.D., and 
E. J. Van Liere, Ph.D., M.D., IIorgaxtow.v, W. 


PFFECTS of sulfanilamide on airplane i)ilots have interested Slackie' and 

Rook' in England, and their eommuiiiealions have received recent comment 
in the Journal of the American Medical AssociutionA JIaekic reported that a 
pilot taking a full dose of sulfanilamide just prior to flying exhibited symptom.s 
of anoxemia at an altitude of 13,000 feet. Since the partial pressure of oxj'gen 
at this altitude is 97 mm., this corresponds to only a moderate degree of anoxia. 
These authors state that sulfanilamide or its derivatives lowers the aviator’s 
ceiling, or tolerance to anoxia, by about 5,000 feet. Kook' notes that similar 
ohsen-ations have been made in America and Germany. Maekie’ suggests that 
the cause of such reactions is an idiosyncrasy in which methcmoglobin or sulf- 
niethemoglobin is formed in sufficient amount to decrease significantly the 
oxygen-combining capacity of the blood. 

Apart from the practical aspects of this purported effect of sulfanilamide 
ernatives, the problem desen-es further investigation because cyanosis pro- 
uced by sulfanilamide is not generally considered to be due entirely to inactiva- 
lon of hemoglobin, and the effects of anoxia on actions and toxicity of sulfanil- 
omi c have not been thoroughly studied. Accordingly, the acute and cumulative 
oxic effects of three sulfanilamide-type drugs were proposed for studv in mice 
exposed to various degrees of anoxia. 


ACUTE EXPERUIEXTS 

or hours after receiving oral doses of one of the three agents, 

Wp'os'd'^ '>!lucle, 225 adult white mice, weighing from 18 to 22 Gm. each, were 
cent*' 'nO’ing degrees of anoxia. All agents were suspended in 10 per 
neacia, and the concentrations adjusted so that all mice 
close of 2 0 ^ kilogram of solution. Sulfanilamide was given in a single 

sini>le a Icilogram, and both sulfapyridine and rodilone were given in 

hcf^kilo'*'* ^ kilogram. Control mice were treated with 50 ml. 

10 per cent acacia solution. Intragastric administrations were 


18 needle, as recommended by Jlolitor and Robinson.'* 


a blunted No. 

*^'^3tion inunediately after treatment, showing that neither too rapid 

liose ^ nor aspiration of solution into the lungs occurred, 

pounds for^^^T lower portion of the toxic range of the three com- 

0 64 mice treated wth sulfanilamide, 3 of 59 treated with sulfa- 

PharmacoloB>' and Physiology, "West Vireinia University 
for publication. Xovember 18, 1939. 
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pyridine, and none of 53 treated Avith rodilone died during tlie four- to five-liour 
period prior to exposure to anoxia. None of 60 control mice wliicli received 
acacia alone died before exposure to anoxia. Doses having a definite but low 
toxicity were purposelj’- chosen to magnify any effects which anoxia might have. 

Anoxia was produced in a decompression chamber resembling that of Kolls 
and Loevmnhart.® This tank allows adequate ventilation, and even at very low 
pressures the air is changed rapidly enough to prevent accumulation of carbon 
dioxide. From ten to fifteen minutes were allowed for slowly decreasing the 
tank pressure, according to the final pressure attained. 

Control mice, treated with acacia alone, were always exposed to low pres- 
sures simultaneously with mice treated with the drugs. 


RESULTS 


Four groups of 10 mice treated with sulfanilamide were subjected to anoxia 
for one hour. One group was exposed to a partial pressure of o.xygen of 100 
mm., the second group to a partial pressure of oxygen of 80 mm., the third 
group to a partial pressure of oxygen of 64 mm., and the fourth group to a 
partial pressure of oxygen of 53 mm. No deaths occurred at these levels, which 
correspond to approximate altitudes of 12,000, 18,000, 24,000, and 28,000 feet, 
respectively. All of 20 treated mice survived exposure to a partial pressure o 
oxygen of 48 mm., which is equivalent to an approximate altitude of 30,000 feet. 

The same altitude equivalents and length of exposure were used in testing 
effects of sulfapyridine on susceptibility to anoxia. One of 10 treated mice le 
when exposed to a pressure corresponding to an approximate altitude of 1 , _ 
feet, but 20 treated mice survived exposure to pressures equivalent to 
mate altitudes of 24,000 or 28,000 feet. One of 15 treated mice died un'k 
exposure to a partial pressure of oxygen of 48 mm. (30,000 feet). 

Parallel experiments were made with rodilone, except that no mice 
exposed to a partial pressure of oxygen of 100 mm. Three of 10 mice die 
ing exposure to a pressure corresponding to an approximate altitude o > 
feet. During exposure to a pressure equivalent to an approximate al i u 
30,000 feet, however, none of 20 treated mice died. _ j- . one 

Groups of 10 mice treated with acacia alone were exposed to ^ 

hour. One group was subjected to a partial pressure of oxygen of 1 ^ 

second to a partial pressure of oxj'gen of 80 mm., a third to a partia pr^^^ ^ 
of oxygen of 64 mm., a fourth to a partial pressure of oxygen of 53 mm., 
fifth to a partial pressure of oxygen of 48 mm. In the last group u sing e 
occurred. . 

hlice treated orally with 2.0 Gm. per kilogram of sulfanilami 
marked prostration and slight comnilsions. Degrees of anoxia used m “ 
had little effect on these symptoms. Mice treated with sulfanilami e ° 
erally much quieter during the period of anoxia than were the contio m 
Treatment with 10.0 Gm. per Idlogram of rodilone or sulfapj ri 
produce the prostration or convulsions obsei'ved in mice treated avi 
amide. Mice in these tAvo groups AA-ere indistinguishable from dead'' 

is notable that in these groups deaths occurred during anoxia, av u e 
occurred during anoxia in mice treated with sulfanilamide. 
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cuiiulati\t: experijiknts 

The three drugs and the vehicle were given orally, four times a day, for 
five days to four groups of mice lieforc exposure to anoxia. Doses were spaced 
at approximately four-hour intervals, so that the mice received treatment for 
twelve hours eacli day. Since solution of these agents is slow, the actual time 
during which the mice were absorbing the drugs probably included at least 
sixteen hours cacIi day. This procedure was adopted in order to follow as closely 
as possible the clinical use of the.se agents when intensive treatment is applied. 

Also, single doses were low, although they were greater than the equivalent 
clinical doses on a weight basis. Doses used were below those which might be 
expected to produce any marked toxic symptoms. Sulfapyridinc and rodilone 
were administered in single doses of 250 mg. per kilogram, corresponding to a 
daily dose of 1.0 Gm. per kilogram or a total dose of 5.0 Gm. per kilogram for 
the five days. Sulfanilamide was administered in single doses of 100 mg. per 
kilogram, corresponding to a daily dose of 400 mg. per kilogram or a total dose 
of 2.0 Gm. per kilogram for the five days. 

All mice received these doses in single administrations of 0.1 ml. per 20 Gm. 
of solution, or a total of 100 ml. per kilogram of Iluid in the five-day treatment 
period. The vehicle was 10 per cent acacia solution, and control mice received 
equivalent amormts of this. Since the mice voluntarily drank large amounts of 
water in addition to this, probably no disturbance in fluid balance occurred, 
although the daily amount of administered solution, 20 ml. per kilogram, is 
equivalent to the average daily urinary output in man. If hydration did occur, 
however, its possible effects on tolerance to anoxia arc controlled, since the 
control mice received the same amounts of fluid. 

Mice were weighed before the first ti'eatmcnt, on the third day of treatment, 
and on the sixth day, immediately before exposure to anoxia. The mean body 
weights of each gi'oup for these days were, respectively ; for the controls, 21, 
I and 20 Gm.; for the group treated with sulfapyridinc, 21, 23, and 20 Gm.; 
or the group treated witli rodilone, 22, 22, and 20 Gm. ; and for the group 
reated with sulfanilamide, 21, 20, and 19 Gm. Statistical examination of the 
' ard errors of differences between these means revealed no significant 
a anges. The slightly lower values on the sixth day wore the result of a twelve- 
“'wr fast before e.xposure to anoxia. 


RESULTS 

to hours after the last treatment, the mice were exposed 

hour. Twenty mice of each group were subjected to a pressure 
approximate altitude of 30,000 feet. One of the control 
received treated with acacia alone and 2 of the mice which had 
"lice wh' n during anoxia. No deaths occurred during anoxia among 

elidaii-of p treated with sulfanilamide or sulfapyridinc. At no time 

solfanilainid Prestration or convulsions characteristic of acute 

DISCUSSION 

f.'Tidine incr^*^ *'*'**' doses of neither sulfanilamide nor sulfa- 

crease susceptibility to anoxia, nor do these agents exert a cumulative 
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effect which is detrimental to anoxic animals. This evidence miglit be exjicctcd 
from the success of the clinical use of these agents in pneumonia. 

Eesults with rodilone are not sufficiently significant, when examined by the 
criteria of Loewenthal and Wilson,® to permit the conclusion that rodilone lias 
any effect on tolerance to anoxia. Molilor and Robinson^ comment on the marked 
cyanosis developed during repeated administration of rodilone. Although the 
careful studies of Harris and Michel,' and Long, Bliss, and Peinstone,® show 
the presence of methemoglobin or sulfmethemoglobin, or a fall in oxyhemoglohin 
content, in the blood of patients treated with sulfanilamide or snbfapj'ridine, it 
must be concluded from the present results that neither of these processes is 
important in mice treated intensively with any of the three compounds studied. 
Hematuria, if it occurred, was not sufficiently grave to produce an anemia 
severe enough to lower tolerance to anoxia. 

The results may lie considered confirmatory of BrunV finding that these 
drugs do not increase the metabolic rate. Certainly there is no evidence of 
increased need of oxy^gen in the treated mice. 

Of more practical importance than the present toxicity studies is the pos- 
sible effect of sulfanilamide-type compounds on functions involved in precise 
orientation of persons. Kook^ and Robertson’® have indicated the possible 
dangers of allowing patients treated with sulfanilamide to engage in activities 
requiring precise judgment of orientation and speed. Experimental studies on 
man should be made to evaluate this point properly. In addition, the effect of 
the disease, for which sulfanilamide is being given, on judgment and coordina- 
tion, must also be considered. 


SUMMARY 

Mice treated with single large oral doses of sulfanilamide, sulfapji’id'''*^! 
or rodilone showed no increased susceptibility to anoxia. Repeated 
with smaller doses of these three agents given orally, four times a day, foi 
also did not increase susceptibility to anoxia. 

We are grateful to Dr. Hans Molitor, of the Merck Institute for i^p^f.ffm’jnophenyl--™'' 
for generously supplying sulfapyricUne (Dagenan) and rodilone (“'"f" fff ^ 
fone). All rodilone used was of the same preparation, designated as lot It*!. 
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INFLUENCE OP SODIUJI CHLORIDE CRYSTALLIZATION BY 
CEREBROSPINAL FLUID* 


Samuel. Burack, JI.D., and Paul. B. Szakto, JLD. 
ICakkakek, JhL. 


■pOLLOViTNG the cvapov.-ition o? .n salt soUttioii thei-e ro.sults crystal foi’ina- 
^ tion which is specific for each salt aiul is the so-called crystal hahit of the 
salt. Various workcr.s have shown that the eiystal formation of a salt may 
he easily affected by many factors. The iiiinutcst impurity in the salt solu- 
tion will influence the crystal habit. Semenelienko and Shililiohalava* showed 
that the surface tension of the salt solution was the most important factor in- 
fluencing the crystallization. Changes in the surface tension are reflected by 
changes in the crystal habit. These worker.s showed that the crystallization 
ot sodium nitrate by evaporation is hardly influeuecd by suh.sfnnces which 
cannot change the surface tension of this salt. By the addition of surface- 
active substances a tyincal change of the crystal configuration is possible. 
Among the most important surface-active substances arc all)umin and globti- 
hn. These physicochemical facts were first used by Pfcitl’ev,® who noted 
at the addition of minute quantities of blood influenced the crystallization 
af a copper chloride solution. He further observed that blood from a tubercil- 
aus or cancerous patient gave a different type of crystal formation than did 
Manual blood. He fjH that by this method a serologic diagnosis of certain 
diseases was possible. 


Tomesco and his co-worher.s^ used the same principle for the study of the 
ere rospinal fluid. They added minute quantities of cerebrospinal fluid to 
tio^*r*°°**^ ®aline solution. They then studied the results of the ciystalliza- 
11 y evaporation of this mixture at a temperature of 75° C. 

SCO evaporation of 3 drops of phy.siologie saline solution results macro- 
jjj . formation of an outer ring siu-rounding an empty space. 

sodium chloride crystals have a cubical shape. The 
his as'"' "oi'mal cerebrospinal fluid changes this picture. Tomesco and 
found that the normal cerebrospinal fluid i.s able to change the 
eiVporaf*^"”' ” dilution of 1 :20 up to 1 -.60 or 1 :80. Maeroscopically, the 
a I . 1* drops on a slide shows a crystalline circumference enclosing 
and ^uyer. With higher dilutions this translucent layer disappears, 

addition empty spaces, i.e., the same picture as seen without the 

"frosett” '‘^^^^I'o^Piuai fluid. Slieroscopically, the translucent area consists 
^ es, Concentric circles, parallel lines, and needles. 


a?-”" 
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was found to b/m-eiLt^ L ““‘'"I 

found concentric circles narallp? 1i thev 

of the pattern was mneh finer tharthaTof ^ 
concentric circles around o»c a,. + cerebrospinal fluid. The 

pecially finely organized Tn all sodium chloride crystals we es- 

Pandy and NomieAimlt te^t * cerebrospinal fluid slioived positive 

later pubMcatir Tc ’/f:’ “ 

found^the so called i collaborators stressed the fact that they 

scbTzophrenTa anl crystallization in such mental d™i 

important faet n , ypcs. They felt that the increased protein is a vep- 

pSelt 'r J reactions, 

examined <?'; ic technique of Tomeseo in a large series of eases. He 

and fooTid t ^P^^^rcns of cerebrospinal fluid of patients with general paresis 
ndth Wl 'T -f P'-^tterns in 33 specimens. Of 17 persons 

tvne nf ®P®y> H showed normal pattern and 6 were of the mi-ved 

the mivo/i + PCisons with dementia praeeox, 10 were normal and 6 were of 
‘^exreeHT A ^P®’, these patients the Ross-Jones test was negative. 

nrdej-c. ®pccimens of spinal fluid from persons with nonneurologic dis- 
orders were all negative, 

Selzer- used Tomeseo ’s technique but obtained different results. 

nafi normal persons and in persons with 

patiioiogic disorders the same results as Tomeseo, he is of the opinion that ibis 

npnri^ practical value because the formation of the pattern de- 

'n ^ -p f nixmite changes of the sixrface tension that sometimes 

ps ^ lom t e same dilution evaporated on different slides^ but at the same 
empeia me, may show a different pattern formation. Selzer showed that 
IS an exact mathematical parallelism between the degree of thealhinoii' 
content and the pattern formation. 

The results obtained by these previous workers seemed of sufficient inipor- 
anee o us to pi-ovm the diagnostic value of this new^ reaction. In order to 
exc u e any subjective factor the clinical diagnosis of the fluids examined was 
not disclosed to the examiner. 


TECHNIQUE 

method used by Tomeseo and his co-workers and Finhd- 
consisted of setting up ten test tubes of 0.8 per centsodamt 
chloride solution. The first tube contained 1 c.c., the second, 2 c.e., with in- 
creasing amounts up to 10 c.c. in the tenth tube. To each tube was added 1 
drop of cerebrospinal fluid, and the tube was well agitated. Three drops of 
t le contents of each tube were placed on separate slides, and the slides m 
turn were placed in an oven at 75° C., until the fluid was entirely evaporated- 
The slides, tubes, and pipettes used must be very clean and contain no invpurii’^'^' 
The temperature is very important. We found that if the slides were kept at 
room temperature, or even up to 50” C., the crystallization shows a 
picture. 
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The effect of other substances in influencing tlie ciystnl habit was sliown 
by the following experiment ; Using cerebrospinal fluid from a patient with 
general paresis, a typical organization pattern was obtained. To the same 
fluid in the test tube we now added 1 droji of an insulin solution ; this led to 
the disappearance of the jirevions characteristic crystallization. The inter- 
pretation of the results is important. It seemed to us that the previous 
readings as positive, negative, or mixed type were not sufficiently exact. AVe 
also felt that the macroscopic picture had no diagnostic value in comparison 
to the microscopic picture. Normal or negative fluids show the following 
picture: Macroscopically, in a dilution of from 1:20 to 1:80 there is a trans- 
lucent layer surrounded by a crystalline ring. This layer gradually disappears 
with higher dilutions. Microscopically, the translucent area consists of 
rosettes, concentric circles, parallel lines and needles (Fig. 1). In higher 
dilutions the pattern gradually disappears. 



A tb ^ positive cases into three-, two-, and one-plus reactions, 

e-p ns fluid -was characterized as follows : Macroscopically, there were 
spaces in the translucent layer, even in a dilution of 1 :200, i.e., 1 
cone **''''.**^ IP C'C!- of saline solution. Microscopically, there were 

patte” circles, pai’allel lines, and fine needles, but the organization of the 

*>"n of ®uch finer and of a different nature (Fig. 2). The characteristic 
cifljoid ^^''oogly positive pathologic fluid was the presence of a central 
Wgani surrounded by many fine concentric rings. This is called good 

Wgher^'' pattern and may be found in dilutions of 1 :200 or even 


flPantit V" the microscopic picture was the same qualitatively, but 

an tn J ^ there was a difference because the good organization was found 
"'o only 1:140 or 1 :160 dilution. 


The one-plus fluid shows a good organiza- 
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tion only in dilutions up to 1 :100 or 1:120. As doubtful fluids we eonsiderei 
those cases where there was a more or less good organization up to 1:80. 
Sometimes one can find, even in normal spinal fluids in low dilution, a good 
organization pattern in the i-egion just inside the peripheral crystalline ring. 
We do not consider this a pathologic finding. 



Fig. 2. Crj’Stallization of sodium chloride influenced by cerebrospinal fluid from a case of Sfc 
eral paresis, dilution 1:200 (photomicrograph 1:S0). 

MATERIAL 

We examined 263 persons. This consisted of 151 persons with general 
paresis, 46 ■with dementia pi’aecox, 26 witli chronic aleoholisjn, 8 with id>’ 
opathic epilepsy, 8 ivitli mental deficiency, 4 with psychonenroses, one whh 
multiple sclerosis, one wdth pachymeningitis hemorrhagica interna, one vhh 
manic-depressive insanitj^, 8 ivith cerebral arteriosclerosis, and 9 witi'onl 
psjmhosis. 

General Paresis . — Many of the 151 patients had been treated for vatrii’S 
periods of time, and some had completely negative serologic and spinal flin< 
findings. Of these, 31 gave a three-plus crystallization; 38, a two-pins, 
a one-pins; 2 gave a doubtful and 34 a negative ery.stallization. In other 
words, the crystallization ivas positir-e in 315, or 76 per cent, of the ease.s- 

Of more impoihance is a comparison between the ciystallization find' - ^ 
and the other laboratory findings. 

1. Of the 31 persons with a three-plus crystallization the blood 
test rvas positive in 27, and the spinal fluid Wassennann test was 
all. The Lange colloidal test gave a typical paretic curve in 22 
a middle zone curve in 8, and a negative result in 3- The Ro.s.s-Jones tes 
positive in 12 persons, gave a trace of globulin in 12, and was 
i.e., this test was negative in 22 per cent of strongly positive cvystalhZ‘'> 

The cell count was above 10 in 15 cases. 
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2. Of the 38 persons with n two-plus crj'stallization the blood Kahn test 
was positive in 27, and tlie spinal fluid AVassermann test was positive in 36. 
The Lange colloidal test gave a typical paretic curve in 4 persons, a middle 
zone curve in 30, and a negative result in 4, The Ross-Jones test was positive 
in 2 persons, gave a trace of globulin in 16, and ivas negative in 20 ; i.e., this 
test was negative in 52 per cent of the cases. The cell count was above 10 in 
14 cases. 

3. Of the 46 persons with a one-plus crystallization the blood Kahn test 
was positive in 30, and the siiinal fluid AVassermann test was positive in 42. 
The Lange colloidal test was tj’pical in one jicrson, gave a middle zone in 33, 
and was negative in 12. The Ross-Jones test was ])Ositive in 2 persons, gave 
a trace of globulin in 10, and ivas negative in 34; i.e., this test was negative 
in 73 per cent of the cases. The cell count was above 10 in only 7 cases. 

4. One of the two persons with doubtful eiyslallization showed a positive 
blood Kahn test; both showed negative sgiinal fluid AVassermann tests and 
negative Lange and Ross-Jones tests. The cell count was not increased. 


5. Of the 34 persons with negative crystallization the blood Kahn test 
was positive in 7. Both the spinal fluid AVassermann and the Lange tests 
were negative in every case; hi only one ease did the Ross-Jones test show a 
trace of globulin and only in this ease was the cell count above 10. 

6. Of the 115 persons with positive crystallization the Ross-Jones test was 
positivejn only 54, or 46 per cent of the eases. The I-iange test was positive in 

I or 85 per cent of the cases. The spinal fluid AVassermann test was positive 
■11 8, or 93 per cent of the ca.sc.s. The cell count was above 10 in only 36, 
01 1 per cent of the cases. These results seem to indicate that the results 
0 t e crystallization .show a parallelism first to the spinal fluid AA’'assermnnn 
00 , and second, to the Lange test. 

AYa “’'ystallization was positive in every ease in which the spinal fluid 
assermann test was positive, and in every case in which the Lange test gave 
wh Biiddle zone curve. On the other hand, there were other cases in 

' ich the crystallization was positive, but the Lange, Ross-Jones, and spinal 
K assermann tests were negative. 

— ^'^0 e.\amined 46 persons with various types of de- 
and The crystallization was positive in 7 persons, doubtful in 4 

Ivahn^t'^*""^ ^ persons with positive crystallization the blood 

positiv^**^ positive in every case, the spintil fluid AALassermann test was 
done*'! bange test was of the middle zone type in 2, and the Ross- 

' blood ® trace of globulin in one case. In the doubtful eases the 

ills «. positive in one case. In each one of the 7 positive cases syph- 

associated with the dementia praccox. 

** PositL**'^ •^^coliob’sm. — Of the 26 persons ivith chronic alcoholism one gave 
“ tlonbtful crystallization. No sign of syphilis was 

™ cither person. 

t'on if ® persons with epilepsy one showed a two-plus crystalliza- 
I'Witi™ ? person the blood Kahn and the spinal fluid AAi^assermann tests were 
''=’®dthe Lange test was typical. 
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Mental Deficiency . — Of the 8 persons with mental deficiency 2 gave a doubt- 
ful cii^stallization, both of whom had positive blood Kahn, tests but negative 
spinal fluid tests. 

Psychoneuroses .- — Of the 4 persons with ps 5 '-choneuroses one gave a positive 
and one a doubtful crystallization. The person with the positive crystaliizatioa 
showed negative blood and negative spinal fluid tests, but his history statul 
that he had been treated for syphilis. The patient with the doubtful reaction 
had a positive blood test. 

Cerebral Arteriosclerosis . — Of the 8 persons with cerebral arteriosclerosis 
two had positive ciystallizations and positive blood Kahn tests but negative 
spinal fluid tests. 

Without Psychosis . — All the remaining patients gave negative results. 


COMMENT 


A review of the preceding problem brought up the question of the factor 
or factors involved in the crystallization. Tomesco and his co-worhers at 
first felt that the albnmin-globulin content of the spinal fluid was the impor- 
tant factor because they noted that these substances are able to change tk 
surface tension of the solution. In a later publication they stated that this 
cannot be the only factor, since they found strong pathologic or misf 
type crystallization in persons wdth normal cerebrospinal fluid. Selzer 
the increased albumin content as the only responsible factor. Topro^e i 
he showed that by removing the albumin of the spinal fluid the 
fluid had no influence on the crystallization. By removing the alhumia ^rom 
normal and pathologic spinal fluids, as in general paresis, we got t e sa^^^ 
results as Selzer. However, we do not feel that we .should drau tie 
conclusion as he did, i.e., that the only factor involved is the increase j 
min, for it is possible to eliminate other unknown factors by 
albumin. Perhaps besides the quantitative increase of protein ui 
fluid, certain qualitative changes of the proteins are important, or a 
in the albumin-globulin ratio may be responsible. Prom a practica 
view our i-esults differed somewhat from those of previous workeis. 
general paresis our results were similar. However, in those cases o 
praeeox where we obtained a positive crystallization, syphilis J 
almost eveiy case. In an occasional instance, alcohol seemed to e 
predisposing factor. It wms also interesting to note in cases of gcaei 


than 


the col- 


that the crystallization phenomena seemed to he more sensitive 
loidal gold curve. 

We feel that further studies are indicated to diseover the factois 1 
for the crystallization phenomena. 


ib!c 


SUJIJtARY 

We examined the effect of normal and pathologic in- 

the crystallization of sodium chloi’ide. Spinal fluid of gcneia 
fluences the cryvstal habit of sodium chloride in a typical manner. 
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OBSERVATIONS ON THE INTERRELATIONSHIP OP CAPILLARY, 
platelet, and SPLENIC FACTORS IN TIIROJIBOCYTOPENIC 
PURPURA* 


R. H. Egerton Elliott, Jr., M.D., and JIary A. Whirple 
New York, N. Y. 


CASES of thvomhooytopenic purpura a discrepancy between the degree 
of clinical bleeding and the level of tlic platelet count is not infrequently 
0 sened. One of us in a recent puiilication* was able to show that when this 
occurs the resistance of the capillaries, as measured by Dalldorf apparatus, 
In'll the degree of clinical bleeding rather than the platelet level. 

^ article attention was also called to the facts that following the per- 
vises'"'°^ splenectomy for the relief of purpura, the capillary resistance 
(he^ l”*''l rapidity, tliat it often precedes in tliis respect the elevation of 

clinf K ond that it may, therefore, l)c the first measurable sign of 

suction I'l addition, it was concluded as a corollary that the 

octivit' ^ resistance was a useful method of measuring the 

fills c ^ disease and that in certain instances it was of more value in 

^onneetion than the enumeration of the blood platelets. 

film the" f P'-'Llioation of these investigations, we have been able to con- 
sccutiv observations on numerous occasions. The number of con- 

studieU purpura which have been subjected to splenectomy and so 

scfvation" olinic now totals 12. In every instance the results of our ob- 
on capillary resistance have been essentially the same, 
been oerf fiLe latter observations, resistance determinations have 

■ mc<l upon five individuals undergoing splenectomy for conditions 

Coliegg of*phyjim,®o Ollnic of the Presbyterian Hospital ana the Department of Surgery of 
Received fA-' Surgeons, Columbia University, New York, 

publication. November 27, 1939. 
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other than purpura. In only one instance was any alteration in resistance 
noted, and this proved to be a slow rise, quite unlike those observed in tie 
purpura cases, in a patient whose spleen was removed to facilitate the ex- 
cision of a pancreatic adenoma. In this instance, the change may veil have 
been due to the general improvement of the patient following the removal of 
the tumor. 


As additional controls the capillary resistance was followed in five in- 
dividuals undergoing relatively simple abdominal operations in which the 
spleen was not removmd. In none of these patients were the resistance valnes 
altered significantly. 

To explain the relativelj'' common phenomenon of the discrepancy h^ 
tween the platelet levml and the intensity of the hemorrhagic manifestations 
in purpura, it becomes necessary to assume the presence of both a capillary 
and platelet factor in the meehanism of the disease. Bedson- gives the credit 
for advancing this hj^pothesis to Pierre Nolf, who offered the following in- 
genious experimental evidence in its support : 


Using rabbits as subjects, he produced a marked, but transitory, throniho- 
cytopenia by the intravenous injection of agar, and found that no purpura 
resulted. He then damaged the capillary endothelium of other rabbits by the 
intravenous administration of an anti-rabbit red blood cell serum. Aga>>' 
purpura resulted, despite the fact that actual injury to the capillary 
theliuni could be demonstrated microscopically. "When, however, he coiubinet 
the two procedures, administering to the same animal first the anti-red blood 
cell serum and then the agar, i.e., when he added a thrombocytopenia to capi 
lary damage, a marked degree of purpura resulted. ^ ^ 

Inasmuch as our clinical immstigations seemed not only to suppod 
theory but also to establish the suction test as a relatively accurate met 
of measuring the severity of the disease yirocess in purpura, we decided to 
peat Bedson ’s experiments, hoping that by^ following the resistance o ^ 
capillaries we could better evaluate the individual importance of the cap' 
and platelet elements in the mechanism of this disease. In addition, ' 
seemed desirable to investigate the relationship of the spleen to these tuo 
tors. Therefore, for the sake of completeness and because of cei 
vantages which will be apparent later, we adopted the antiplatclct 


method of producing purpura as an alternative to the technique 
described in the preceding paragraph. 


of Bed-son 


TECHNIQUE 

"We employed then two separate and distinct techniques in the P*® ^ 
of experimental purpura. They were (1) the antiplatelet 
(2) the method of Bedson. A brief description of each method is jp. 

If more detailed information is desired, the papers of some of * 
vestigators who have used essentiallj' similar techniques may' be coi^^ 
Light-skinned, male chinchilla rabbits, weighing between 2 anc 
used as the experimental animals throughout. 
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The Antiplatelet Serum Method . — In preparing the platelet antigen for the production of 
purpura by means of antiplatelet serum, the blood of two rabbits ^Yns drawn from the heart 
under nembutal anesthc'<ia into an equal quantity of oxalated saline (sodium chloride 0.9 
per cent and potassium oxalate 0.2 per cent). After centrifuging rapidly for one-half 
hour, the buffy coat was pipetted off and washed three or four times in normal salt solution 
to remove the remaining red blood cells ns completely as possible. The yield, generally 
averaging between 1.5 and 2.5 c.c., was suspended in saline and injected intravenously into 
dogs. Four such injections were given at weekly intervals. A week after the last injec- 
tion the dogs were bled and the desired quantity of antiplatelet scrum was obtained. The 
serum so prepared was then injected intraperitoncally into rabbits, a dosage of 1.5 c.c. per 
kilogram of body weight being generally suflicient to produce a moderately severe thrombo- 
cytopenic purpura of from three to five days* duration (sec Chnrt 1). 



'‘srura ^ The technique used in the preparation of an anti-red blood cell 

s^ntiall purpura by the previously outlined method of Bedaon was es- 

^'a!s do^ *^"^ployed in the preparation of antiplatelet serum. At weekly inter- 

blood ^“J^^cted intravenously with a saline suspension of 2 c.c. of washed rabbit 

cell ooi., ^ after the fourth injection the desired amount of anti-red blood 

‘i serum was obtained. 

^33 made scrum to be used in conjunction with the anti-red blood cell serum 

^hh four One part of a suspension of 0.5 per cent agar in .saline was mixed 

for two^h*^ ^ fresh normal rabbit serum. The mixture was then incubated at 37.5® 
^as centr'T*^^ allowed to stand at room temperature overnight. The following day 

pipetted off remove any macroscopic agar and the clear supernatant serum was 

'■enously into ^ purpura the anti-red blood cell serum was first injected intra- 

^S^r Serum ^ the dosage being 0.85 c.c. per kg. Three or four hours later the 

stance bei ^^oiinistered to the same animal in similar fashion, the dosage in this in- 

ureight. The resulting purpura was to all ap- 
^ ar to that produced by antiplatelet scium, but more severe (Chart 2a). 


OBSERVATIONS UPON NORMAL RABBITS 

Pift ' • 

these were used in tlie course of our investigative work. Upon 54 

'^'■•ninations more control determinations were made. The de- 

were carried out before subjecting the animals to experimental 
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procedures which would in any way affect their apparent good health. These 
determinations included hemoglobin values, red and white corpuscles, differen- 
tial blood counts, bleeding and clotting' times, clot retractility estimations, 
platelet counts, and capillary resistance determinations. This information is 
summarized in Table I, which includes the maximum, minimum, and mean 
values, together with the number of initial observations for each determination. 


Table I 

Control Values 


Hemoglobin* 

Red blood cell count 
White blood cell count 
Differential count t 
Polymorphonuclears 
Lymphocytes 
Monocytes 
Basophiles 
Eoainophiles 
Bleeding timet 
Clotting time 
Clot retractility^ 
Plateletstr 

Capillary resi8tance|| 


NO. OP INITIAL 
OBSERVATIONS 

MAXIMUM 

ItINiMUM 

43 

90 

71 

44 

6,900,000 

5,000,000 

42 

12,100 

5,600 

40 

71 

26 

40 

66 

18 

40 

S 

0 

40 

10 

0 

40 

6 

0 

41 

4'00" 

I'lO" 

40 

3'00" 

0'45" 

22 

24-1 hr. 

IV, hr. 

54 

438,000 

178,000 

33 

50 plus 

15 


ueax 


79 

0 , 000,000 

9,100 

49 

42 

4 

0 

3 

2T4'’ 

T41'' 

298,000 


•Sahll. 

tPigures given in per cent. 

. tDuke's method. 

§In 7 cases there was no reti’action after twenty-four liours. 

UDirect method. 

1 [Figures given are in centimeters of mercurj' negative pressure. 

The figures in Table I for the hemoglobin content and cellular 
the blood agree closely with those of the majority of other 
have employed the same technical methods as were used here. Detenm^^^ 
of the bleeding time were not always satisfactory, as the found 

pricking the marginal ear vein, the state of contractility of ' found 
to influence markedly the results in several instances. It v as ' 
that estimations of clot retractility on the normal animal weie o ^ por- 
control observations, for in a third of the animals upon which t le e 
formed, retraction of the clot was either delayed or failed to ta e 

As in our clinical work, all capillaiy resistance determma oud 

with the Dalldorf apparatus. The animals were shaved prior o ^ 
the tests were carried out on the skin of the abdominal wa , 
used being identical in every respect with that emplojmd c nnca ^ gjjgjitly 

The normal figures for capillary resistance in the i ahhit ^ P 
hio-her than those we observed in human beings. In man ve ,],i, 

ranged between 20 and 35 cm. of mercury negative ^ j pefiveen 

forearm just below the antecubital fossa;* in tlie rahhi- ’ Appro.%-iniatd.'' 
and 40 cm. of mercury negative pressure, with a mean i a jg,. than 

35. The variation observed between rabbits tended to e 
variation between human beings, though ““nLals of tlie 

discrepancy as far as possible by selecting light-skinn 
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breed. The reason for tlii.s fircater variation is clue to the fact that greater 
individual differences exist in the texture, color, and thickness of tlie skin 
' among rahliits than among hnman heing.s. 

Two other factors that tended to intlucnec the results of resistance de- 
terminations were shaving and the application of antiseptic solutions to the 
: skin of the abdominal wall immediately jirior to operative proeedures. For 
this reason, when shaving was indicated, it was cai-ried out twentj'-fonr hours 
in advance of the performance of any detenninations and iodine was generally 
omitted from the preoperative preparation of the skin, or if it was used, it 
' was applied in weak dilutions, care being taken .suhsequeiitly to remove it com- 
_ pletely. 

Despite the number of factors capable of influeucing the results of this 
test, there was little variation between readings taken on different areas of 
the abdominal wall in the same animal, jirovided that the test was not per- 
formed on the flanks or in the groin. 

Undonhtcdly the suction teat for capillaiy resistance is not as accurate in 
rabbits as it is in human beings. For this reason, we do not regard a change 
■ of resistance in rabbits as being of much significance unless it is greater than 
five points. Notwithstanding this, we feel that within liroad general limits 
the test does give a reasonably accurate estimation of the state and change of 
fcsistance in the capiliaries of tiic animals under discussion. 

PROCRDURE.S 

In onr attempt to study experimentally the mechanism of tlie disease 
process in purpura, we pursued our investigations along lines as nearly parallel 
"■ our clinical studies as po.ssible. With this in mind, the thronibocytopenie 
Puipnra produced by antiplatelet serum and Bedson’s anti-red blood cell 
mim-agar serum methods was studied first. Subsequently, the effect of 
P eiiectomy both before and after the production of purpura liy these methods 
was investigated. 

PRODUCTION OP PURPUR-t 

aithc^°i C-xperienced in the production of purpura by means of 

'aethod'^^ ri'<iue used. It was found that following the employment of these 
ical f * *.*^'^°'''*’°“ylnpenie purpura was produced which resembled the elin- 
'astin"™ '"i re.spect save that of duration, the experimental syndrome 
lliat longer than five day.s. Of considerable interest was the fact 

'■a'luirecl I'asistanee which dropped along with the platelets generally 
(Chart 1)^ ninch longer time to return to normal levels than did the latter 

“lane, or (4 found that the injection of anti-red blood cell scrum 
Pfoof'durjj ’‘orum alone, did not produce purpura. In addition, these 
faund, furti, appreciable effect upon the capillary resistance. We 

'(^'■eloped as a whole the animals subjected to Bedson’s method 

, platelet serun^^r^ severe grade of purpura than did those injected with anti- 
' 'asnimals s li' ^ depict graphically the typical course of events 

u jeeted to both of the afore-mentioned techniques. 
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SPLENECTOMy AND EXPERIMENTAL PURPURA 

A. Operative Controh.—ln order to parallel oiir clinical studies on spioiec- 
toiny and to estahhsh control groups for similar experimental invesligatw, 
t le eltect both of simple laparotomy and of splenectomy upon the blood valuH 
and the oapillavy resistance of normal animals was investigated. Ether sms- 
t esia was emiiloyed in both procedures and the operative technique in ead 
was identical, the only difference between the two operations being that in one 
t le spleen was removed, and in the other it was exposed hut not disturbed. 



tion of In’o thrombocytopenic purpura by means of the combined 

atondant At autopsy this animal showed a very severe, 

intestines ' 7. nv' f mesenteries, the pancreas, and the subserosal tissues 
the comlfino^' ^-'•benmental thrombocytopenic purpura followinp splenectomy POrformM wr . 
the combined administration of agar serum and antiserum. Autopsy showed severe purpura. 


Following the performance of simple laparotomy, a slight rise in plnteicts 
was observed in each animal, the maximum and minimum incvemeihs for 
three animals thus followed being 96,000 and 19,000, respectively. The «• 
crenieiits in the latter values following removal of the spleen, hoiwer, vfi 
eomsiderably greater and averaged between 100,000 and 200,000 (see Chart Sh). 
In neither of these control procedures was the capillary resistance aherf 
significantljL 

B. Protective Effect of Splenectomy. — Bedson’ has found that in 
pigs splenectomy affords a. varying degree of protection against the pn’'P' 
produced by antiplatelet sennn when this operation is performed 
the administration of the serum. Because we wished to determine vhethcr^^^ 
same results obtained in rabbits and "whetlier the performance of 
before the iii.ieetion of antiplatelet serum had any effect upon the esp' • 
resistance, we repeated Bedson's experiment upon three animals. 

Accordingly, the animals’ spleens were removed, and six or seien^ 
later, during the course of the ensuing platelet rise, antiplatelet 
administered intraperitoneally. Despite the fact tJiat the dose of the 
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was increased over the usual amount in all the animals and even administered 
in double the customary quantity in one, none of the rabbits developed purpura 
and none showed anj' change in capillary resistance .(Chart 36). 

C. Splenectomy Following the Injection of Aniiplatclct Scrum . — The object 
of this group of experiments was to determine whether the removal of the 
spleen was as beneficial in experimental purpura as in the clinical form of the 
disease. Because of the relatively short duration of the purpura produced 
by the injection of autiplatelet serum, it was decided that it would be neces- 
sary to perform splenectomy early in the course of the disease. Therefore, 
as soon as a material drop in the platelet level and capillary resistance had 
occurred following the injection of the serum, the spleen of the animals was 
removed. It was realized that this was hardly a fair parallel to the circum- 
stances obtaining when this operation is performed for the relief of purpura in 
man, and yet, for the reasons mentioned above, we could hardly do otherwise. 



t. 

' 'lowing splenectomy performed after' 
ed moderate purpura. 6, Protective 
'atelet serum. Note the absence of 
level. 


erect of serum. 

■'“rpurl ana 

^ the continuance of ■ 

scrum "r were injected iutraperitoneally with antiplatelet 

"■cs era ,7^™ three hours later splenectomy was performed, for it 

platelet ^ material depressions in both capillary resistance and 

a lies had occurred within this space of time. 

'■eloped d^ ^ animals so treated, a purpura of varying intensity de- 

1'be none did the platelet level drop below 170,000. 

®een in Chart's*'"^ i^wrohorated at autopsy on each of the animals. As will be 
'’ebind th ^nll in eapillaiy re.sistanee was produced which lagged well 

D S “ returning to normal. 

"to these Experimental Purpura Produced by Bedson’s Method. 

1° iotercalat the decision as to where in the course of the procedure 

0 op enectomy was particularly difficult. In the first place, the 
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same handicap existed here as was met -with in the preceding experiment wift 
regard to the brevity of the purpura. In the second place, it was obvious 
from earlier experiments that if the operation was performed immediatek 
following the administration of agar serum, the animals would in all proba- 
bility not survive the trauma incident to operation, together with the rapii 
deAmlopment of a severe purpura, if such should occur. Therefore, it was felt 
that if the operation were performed shortly before the injection of the sfsr 
serum, but .sufficiently long aficr the administration of the anti-red hlood cell 
serum to allow the latter to affect the ea 2 iillarie.s, the animals would have a 
better chance of survival. In addition, by tliis procedure we would be able to 
determine wlietlier splenectomy negated to any extent the eapDlan'-daiaaj- 
ing effect of the anti-red blood cell serum. 

Accordingly, splenectomy was performed on three rabbits between tvro 
and three hours after the administration of the anti-red hlood cell serum. 
As soon as the animals had reeov'ered from the effects of the anesthesia, aeoi 
serum was injected. 

Severe purpura developed in all the animals (see Chart 2h). Not onlvdd 
splenectomy fail to alter the effectiveness of the anti-red hlood cell seruw 
but as nearly as could be determined it in no way lessened the 
the resulting thrombocytopenic inirpnra, the presence of which was con rnie 
at post mortem on each of the animals. 


COSIMENT 

From the foregoing investigations it seems apparent that the 
tion to rabbits of cither antiplatelet serum, or of agar serum iri com 
with anti-red blood cell serum, is an eminently satisfactory method o 
in these animals a thrombocytopenic purpura which closely resem ) 
as seen clinically. It is worth emphasizing, however, that the expeimi 
pura so produced is of short duration and, to all appearances, on J 
spect does it differ from the clinical syndrome. In producing 
combined administration of anti-red blood cell serum and agm f^^^gj^embccd- 
able to confirm Bedson ’s results with this method, which, it wi >e ^ ^ j 

re offered as evidence in support of Nolf’s theory that both 


were 


platelet factor are present in the mechanism 
to its production. 


of this tos »"<> »« ■ 

areiit 


From the results of Bedson ’s wrerk and our own, it jjlood cc" 

when either a capillary-damaging factor in the form of acts 


serum, or a platelet-reducing factor in the form of an agar lhat 

it is incapable of producing purpura. It is equally ' .p^^ra resaih'- 

when these two factors act together in the same anima , actin? 

Furthermore, from onr investigations we have been able to of t!if 

alone, neither one of these two factors materially alters ter 
capillaries, but that acting collecth'ely, they do. 


tency 


uiaiica, uub iniib auiiiig cuiicutivcia , Li,,..* indMda*"' ' 

We have shown that splenectomy' in rabbits neither affects t ageals- 

of the afore-mentioned capillary'-damaging and plate e 



ELLIOTT-WIIIPPLE : OUSERVATIONS IN TIIKOMBOCYTOl'ENIC I’URI'URA 497 


nor alters their combined efficacy in tlie production of purpura. Furthermore, 
while we have confirmed and extended to rabbits Bedson’s results on the pro- 
tective effect of splenectomy performed prior to the administration of anti- 
platelet serum, we have, on the other hand, also been able to show that the 
performance of this operation following the administration of this serum 
affords little or no protection against the suhsequent development of purpura. 

In addition, our cxiicriments have demonstrated that simple laparotomy 
and splenectomy in the normal rahbit do not affect the resistance of the capil- 
laries, bnt do cause an increase in the number of platelets, which is of con- 
siderably greater extent in the latter oi>cration than in the former. These 
observations lead us to feel that, as intimated by Bedsou, the protective effect 
of splenectomy performed prior to the in.icetion of antiplatelet serum is purely 
an indirect one and is due solely to the ]>hysioIogic increase in the number of 
platelets which follows this operation. Additional confirmation of this would 
seem to lie in the fact that following the production of thrombocytopenic pur- 
pura hy either the antiplatelet serum method or the agar serum method, and 
irrespective of whether the sjilecn was removed or not, the resistance of the 
rapillaries undergoes a marked drop and in most instances docs not return to 

Its original value until well after the platelet count has resumed its normal 
level. 


DISCUSSION 

Though the thrombocytopenic purpura produced by the serologic methods 
cicin described closely resembles in its manifestations the clinical form of 
. there is no justification for assuming that the role of the spleen 

mthe experimental syndrome is anything other than a minor one and of sec- 

experimental work, as well as that of 
seem to argue against such an assumption. On the other hand, 
most instantaneous rise in capillary resistance and the cessation of bleed- 
S ich follows removal of the spleen in idiopathic thrombocytopenic pur- 
ta IS evidence that in the clinical form of the disease the role of the spleen 
nctive one and of major importance. Further evidence for 
m found in the fact that the afore-mentioned increase 

ssTn t capillaries and the alleviation of the hemorrhagic 

seal place too soon after operation to be accounted for by the sub- 

^ increase in the number of platelets. 

ivehav d as well as from our experimental work, we feel that 

m the ^ evidence of the existence of both capillary and platelet factors 

•lition r disease process in thrombocytopenic purpura. In ad- 

caVll fi'om our observations that the decrease in the resistance of 

these tv disease is probably the result of the combined action 

^’fidisso The fact that the capillary resistance tends at times to 

probably tl^ the platelet level makes us feel that the capillary factor is 

the ma important of these two elements, if not in the initiation 

ations of the disease, at least in their maintenance. 
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SUJIMARY AND CONCLUSIONS 


1. A study of experimental tlirombocjdopenic purpura produced in rab- 
bits by serologic methods has been made. 

2. The relationshij) of splenectomy to the bleeding tendency, capillary 
resistance, and platelet count in thrombocytopenic purpura has been discussed. 

3. In the absence of purpura, removal of the spleen in man and in rabbits 
does not affect the capillary resistance. 

4. The suction method of measuring capillary resistance is a useful means 
of estimating the activity of the disease process in experimental as well as in 
clinical thrombocytopenic piu’pura. 

5. It seems likely that both a platelet-reducing and a capillary-damaging 
element are present in the mechanism of the disease process in tbrom o 
cytopenic purpura and that both are necessary to the production of the disease. 

6. The decrease in the resistance of the capillaries, ivhich is seen m 
thrombocytopenic purpura, is probably the result of the combined action o 
the platelet and capillary factors. 

7. Particular attention is directed to the importance of the capillary 

tor in thrombocytopenic purpura. . 

8. In experimental thrombocytopenic purpura produced by seroo„ 
methods, the role of the spleen is probably of secondary importance. 

9. Evidence is advanced to support the contention that in i loP^ 
thrombocytopenic purpura the role plaj'ed by the spleen is an ac n 

of major importance. 
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mSTAJriNE TIIEKAPy IN ALLERGY 


Leok D. Porch, SI.D., JLvcon, Ga. 


K REVIEW ol the litcvature relative to the use ot histamine in the tveat- 
jnent of allergic distiirbanecs indicates that this substance is perhaps one 
of the best available agents for alleviating the discomfort caused by these dis- 
orders, particularly skin conditions characterized by wiical and edema forma- 
tion, erythema, pruritus, and the exudative diatiiesis. Recently, the role of 
allergy in peptic ulcer has been considered, and certain cases bave been found 
to be associated with allergic manifestations. In this paper the therapeutic 
effect of histamine in urticaria and other skin lesions and in gastrointestinal 
ulceration null he evaluated. 


Histamine was found in putrid soybeans by Yosbimura’ in 1909, and was 
isolated from ergot in 1910 by Dale and Barger,^ who also found it to be present 
in the intestinal mucosa. Chemically, histamine results from tbc docarbox.vlation 
0 nistidine, and it may bo formed by (1) chemical decarboxylation, (2) bac- 
enal decomposition, (3) ultraviolet radiation, and from (4) di-amino-acetono 
y chemical synthesis. Histidine is widely distributed in the body, being most 
n undant in such tissues as the intestines, liver, and lungs.^ 

In 1911 Dale and Laidlow observed that liistamine may cause the typical 
ymp oms and pathology of anaphylaxis wlicn injected into normal animals, 
it ^ pressure when injected intravenously into dogs, and 

^ 10 need an increased capillary pcrmcabilit.v or an edema. They showed, 
hisir*'"' reaction, of Uistaminc differs from true anaphylaxis, in that 

oven'th''^ capable of producing strong reactions in the uterine strip 

Inmie latter has been desensitized by treatment with specific serum, 

froin^^^ i'Ialespine“ showed that the pUcnoroenoii of reciprocal protection 
uccident^ ™oek by another shock, or anaphylaxis, extended equally to histamine 
Ibese an analogy in the mechanism of the two types of shook. 

3naphy]ai;f”^l> revealed that histamine could cause in animals 

assumptio reactions which closely resembled allergic reactions, and the 
totoit „ ™ made that the formation of a histamine-like substance consti- 

Vtheahs advanced a theoiy that asthma was produced endogenously 

^Sgesled toxin probably from the intestinal tract, and he 

Impressed)),* nistidine, or its histamine derivative, was so absorbed. Duke 
tk" of a h' allergic reactions may be caused by the ahsorp- 

that Pi substance from the intestines. Koessler^ found, how- 

naitosa, rendered inert by its passage through the intestinal 

from ®rid Loucks““ reported that the amount of histamine 

a strangulated intestinal loop was verj’ small. 
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ccoi ing to its locatioii mat- br. f theory, the vascular response, > 
igraine, etc., including urthirh^^ “sthma, nettle rash, 

M the histaminp-ft *^*^'^*' well as pepik 

dii”^ assume that repeated s ^be H-snhstance it appears rea- 

. tendency to vascular ' doses of histamine might re- 

JU-ctmu with the tissue celt rs w T' 

histamt''"’" H-substanee or , J, f (3) by altering the elwni- 

ustammase m the circulation ’ increasing the output of adrenalin or 
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f . X f ^ “erapeutie effieaev of i • 

s la h.y various investiontorc ^'n allergic disorders has been demon- 

inigi'aiue, lup^s, pruritus '’eroo ’ , ° reported its favorable use in asthma, 
edema of the hand and b^-persensitivity to cold and to heat, periodic 

e u ing Uiticai'ia.r'8, 10-13, le, ig, t^s-^ edema, purpura, and other conditions in- 
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I. TREATMENT OF URTICARIA AND OTHER ALLERGIC DISORDERS 


Jly use of histamine in 53 eases of urticaria and other skin lesions was 
stimulated by the report of Dzsinich,'* wlio in 1935 reported complete relief in 
12 of 15 cases of broncliial asthma and in 3 eases of urticaria after treatment 
irith small doses of histamine. Followiii" in ficneral his outline of treatment, 
dosage beginning with 0.00001 mg. of histamine and increasing to 0.1 mg. was 
used, dilutions being prepared from 1 e.c. ampoules eontaining 1 mg., of hista- 
mine dih 3 ’drochloride (1:1,000 solution).* The initial dose was given intra- 
dermally and, as a rule, was 0.00001 mg. of hi.staminc. If no reaction or aggra- 
vation of sj'mptoms occurred following this dose, tlie same amount was injected 
subcutaneonsiy forty-eigiit hour.s later, and the do.se was increased according 
to schedule, doses being given not oftener than cverv other day. Any dose that 
appeared to aggravate symptoms was promptly reduced to one-tenth of the 
amount before increasing in accordance with sclicdule. (Dosages for treating 
urticaria and allied lesions in infants and children should be reduced in pro- 
portion.) 


The solutions of histamine were prepared as follows. 

1. Take 0.5 e.c. of the ampoule solution and dilute to 5 c.c. with 
normal saline. This gives 5 e.c. of solution containing 0.1 mg. of hi.sta- 
minc per cubic centimeter. 

2. JIake subsequent dilutions similarly to obtain solutions contain- 
ing 0,01 mg, per cubic centimeter, 0.001 mg. per cubic centimeter, 
and 0.0001 mg. per cubic centimeter, i.c., 0.5 c.c. of cacli immediately 
stronger solution, diluted to 5. c.c, witJi normal .saline, will give the 
next weaker concentration, or one-tenth that of the respective “mother” 
solution. Solutions should be placed in at)propriato]y labeled vials. 

Each individual should first be tested with 0.1 c.c. from the vial labeled 

• 01 mg, per cubic centimeter, and the followin" considerations as to dosage 
should apply- 


(a) Histamine-sensitive persons may experience headache, flushing of 
the face, and slight aggravation of symptoms. For this classifi- 
cation, the vial containing 0.0001 mg. j>er cubic centimeter should 
be further diluted (0.5 c.c. diluted ivith normal saline to 5 c.c. and 
abded 0.00001 mg. per cubic centimeter), and graduated doses of 
0-1 e.c., 0.3 C.C., 0.5 c.c., and 0.8 c.c. should be given from this dilu- 
tion before proceeding with the routine schedule. 

(b) All other cases should follow the schedule as given. 

(c) For infants and children, test with 0.0000001 mg. or 0.000001 mg., 
aiaking necessary dilutions similai*l 3 ' to those above. 

at injected in most cases according to the following schedule, 

eitj -eight-hour intervals for an average total of eighteen injections. 


Vial 0.0001 mg./c.c. 


prepara' 
^ noche, inc. Nutl 


0.1 c.c. (0.00001 mg.) intradermally 
0.1 C.C. (0.00001 mg.) subcutaneously 
0.3 C.C. (0.00003 mg.) subcutaneously 

this study T\’as Imido "Roche,” manufactured by 
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0.5 e.c. (0,00005 mg.) subcutaDeouslr 
0..S c.c. (0.00008 mg.) subcutaneous!/, 

0.1 e.c. (0.0001 mg.) subcutaneous!) 

0.3 c.c. (0.0003 mg.) subcutaneous!/ 

■0.5 C.C., (O.ObOo mg.) subcutaneous!/ 

O.S c.c. (0.0008 mg.) subcutaneous!/ 

0,1 c.c. (p.OOl nig.) subcutcneausty 
0.3 C.C. (0.003 mg.) subcutaneous!/ 

0,5 c.c. (0.005 mg.) subcutaneous!/ , ., 

O.S c.c. (O.OOS mg.) Subcutaneous!/. 

0.1 c.c. (0.01 mg.) subcutaneous!/ . ' ' ‘ 

0.3 c.c. (0,03 mg.) subcut.aneoflsI/ ■' 

0.5 c.c. (0.05 mg.) subcutaneous!/ 

O.S c.c. (0.08 mg.) subcutaneous!/ 

1.0 c.c. (0.1 mg.) subcutaneously 

Patients notice a sensation of coolness in the skin following’ the .first irijK- 
tion, and blanching of the skin is caused h.t' peripheral capillary eonstriction. 
This is followed, rvithin a few minutes, by diminution of edema, disappearanw 
of wheals, and diminution of pruritic sjunploms, with complete reroissiorr rvitto 
a few hours, as a rule. However, symptoms return in about forty reight lioia? , 
after the first dose, altlioiigh to a lesser extent. Subsequent doses apparently . 
desensitize or increase the tolerance of patients; the result is complete and \asl-. ^ 
ing remission of symptoms in the most responsive cases. The responsive patient 
suiiPei’iug from urticaria with edema is comfortable after 3 doses, without teev 
rence of lesions. ’ ' 

series of 53 patients with allergic .sldn with urticarial.'wanifestations ^ 
included 30 of urticaria alone, 22 of urticaria and angioneurotic edema, an 
one of pruritus without urticaria. Forty of tliese patients, or '/S.S 
w^ere completely relieved by histamine witliout any' additional therapy- ’ 
persons, or 20.7 per cent, were unproved, but other measures, inciudme^®^ 
and enzyme (pancreas) administration, antohemotlierapy, diet, ° 

fection, etc., -were necessary to complete relief. Two, or 3.8 per cent, 
benefited; one patient rvas aggravated b/' evejr minute doses of histamine, 

^ the other had a shock reaction and wms finally relieved by hysterectomy 
autohemotherapy. ^ 

■' , The duration of urticaria in tliese patients was from a few days to • 

years, the ai’erage being form weelcs to six months. The refraetory P 
obtained through histamine therapy has lasted from tw'elve ‘ 

months. Only 3 patients have recjuired additional therap/’^ after twe i e n 

wnth ensuing benefit. . , • Idedoc^^'" 

Other allergic s/nidromes in which histamine was employed me n 
of asthma, 2 of vasomotor rhinitis, 3 of infantile eczema, 3 of senile epze^ 
of. acute localized eczema of the forearms, three of atopic dermatitis, ^ 
dermatitis, 2 of pruritus ani, one of simple pruritus vulvae with ^ 
pruritus ruiHae wdth leucorrhea, one of atrophic arthritis 'of intef: 

edema of the penis from aiit bite, and one of hydi’oarthrdsis of 'the > 
mittent type. 


Vial 0.001 mg./c.c. 


Vial 0.01 mg./c.c. 


ypal 0.1 ing./c.c. 
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SIDE REACTIONS 


• While small doses of histnniiuc favorably influence, the allergic disorder, 
larger doses aggravate parox.vsms of asthma and also increase the intensity of 
urticarial symptoms. Final dosc.s should not exceed 0.1 mg. or 0.1 c.c. of the 
original 1 :1,000 solution. Toxic symptoms include headache, dizziness, profound 
.weakness, flushing of tlic face to cyanosis, irritability of .the nervous system, 
and d.vspnea. Epinephrine is the natural antagonist of histamine and should 
be given if a severe reaction develops in any abnormally- sensitive i)crson. 

Evidence of reaction may follow injection within a few minutes to several 
boms. In certain individuals a sliglit chilline.ss was experienced within fifteen 
to thirty minutes after injections, followed by headache, flushing of the face, 
drowsiness, nervousness, sliortness of breath, and extreme weakness, lasting 
from a few minutes to, in one case, four days, during which time the patient 
did not feel able to get out of hcd. As Brown has suggested, certain individuals 
manifest abnormal reactions to histamine; evidcntlv after shock reactions a re- 
fractory period may follow. 


In cases. showing more than a mild reaction, subset]uent doses should be 
reduced by one-tenth the oidginal amount, given as mentioned previously. 
^ s a fule,- untoward reactions do not follow reduction in dosage; instead thci’O 
js definite.iinprovoment in symptoms, Tliis being the case, histamine may then 
increasing doses without fear of untoward accident. It has been 
no e that while initial minute doses may cause marked reactions in some cases, 
e 0 eranee of these patients apparcntl.v can be increased until large doses 
approximately 0.1 mg.) produce no discomfort. 

'Hi oeeurrence of a limited number of so-called toxic 

am estatioiis from small doses (0,00001 mg.), I feel it necessary to issue a 
'oM ^ against the indiscriminate use of histamine. It is apparently 

n rain icated in the presence of cardiac pathology, particularh’ in cases of 
myocarditis or coronary sclerosis. 


! • CASE REPORTS 

‘^nse reports are representative of the favorable response to 

h'^taimne therapy in urticarial lesions: 

anil sinusitis'f a' niale, a manufrfeturer of overalls, had had severe urticaria 

In Vis father’ undulant fever seven years previously. There was a history of allergy 
drinker and ®oth tonsils and adenoids had been removed. He had been a heavy 

Physica] V urticaria almost constantly, especially after drinking. 

rye, cocoa^ essentially negative. He gave positive skin tests to com meal, 

group)/ asparagus, yeast, hops, all shellfish, and grass pollen (spring 
ih nag relieved begun with grass pollen desensitization and elimination diet. Sinusi- 

'’'Ine therapy / ^ sjTnptoms subsided, but urticaria was not benefited. Hista- 

‘Irop in Weight disregarding food tests, a full diet was given to combat a 

lhalnieh, RcsuJts 0.000001 mg. increased to 0,5 mg. according to tli© outline of 

®ervous system complete relief of urticaria, restoration of weight, stabilization of 

<inantities of energy. Six months later the patient once again began to take 

Ottniioil Soil ^ l■''^<^''ages ivitliout reeurrenoe of urticaria e.xcept for one day. 

'•"oully. “ week’s spree and was relieved by 0.00001 mg. of histamine intra- 
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Case 2. — T, L., 33 j-ear-oW male, a railroad o£Bce assistant, Imd edema of tlie glottis, 
wifcli generalized nrticaria. He gave positive tests for a rariefy of foods and otlier suMatfS 
and was subject to tingling of hands, face, and lower lip, followed bv dioWsig evaaosis at! 
general urticaria. The first attack followed influenza. Physical examination was negative. 
He was given Bowe’s diet for six months; hie symptoms disappeared, and he was retetel. 
His diet was changed; remission of symptoms followed for four months. A recurrent atfad 
was relieved with 0.000001 mg. of histamine. The patient was de-sensitized with iiistamiiie 
and put on a regular, unlimited diet. There was no recurrence after four moBths, and tie 
patient is in excellent health. 


Case 3. — ^F. "W. G., male, an electrician, had acute urticaria aud rhinitis o£ several 
weeks’ duration. The patient’s entire back was covered with brawny edema in wiiicli W, 
marblelike areas could be palpated. Edematous area approximated 1 ineli in thichDess. Ev 
tremities were covered witli macular-type urticaria with intense pruritus. Basal discliarje 
was clear but resembled that of Jiay fever in character. Moderate bronchitis wiis pieseot. 
Treatment with small increasing do.ses of histamine was begun ; total uwnher of doses was 
19. This was followed immediately by a gradual diminution of edema and disappearance ot 
lesions. Body was clear within ton .days. The patient has had complete relief for tie 
twenty-two months. 

The foregoing ease is t.vjjieal of tiie majority of cases of urticaria relieved 
by histamine. 


Case 4. — T. T., male infant, aged 5 months, had acute infantile eczema ot face, a*' 
and legs, and of body on ventral surfaces. There was a family luster}' of allergy; the fa' « 
had hay fever. Tiie motiier's mfik did not agree with the patient so he had been feil'''n 
cow’s milk formula since he was 2 months old. Mo change in formnio wns made. Hiftaw'a* 
tiierapy was begun with a dose of 0.0000001 mg.; total number of injections was Ih 
disappeared in approximately five weeks. There wa.s no recurrence within seventeen mob 

This case is representative of the use of liistamine in infants; similar de 
creased doses should be employed in other such cases. 

Case 5. — IV. R. G., female, had severe pruritus uni and a history of hay fever, 
and urticaria. Local e.xamination by a proctologist revealed no pathology. 
nsed for relief of intense pruritus; no local treatment was given to the rectum ot 
A total of 19 iirjections, ranging from 0,000(51 mg. to 0.1 mg. per dose, vvas gwe®^ 
was followed by complete relief of itching symptoms and discomfort for thirty u}'-) 
which time symptoms returned. 

Although relief in this ease apparently was only temporary, it 
the therapeutic value of histamine in this type of condition. 

Case 6. — R. E. B,, female, for tliree years had had liay fever, asthma, ‘ gj ,5 

• -dema awl urtwatift' 

Piets anil deseusibzab® 
{ia<f 


type) over the entii'e body as well as a tendency to angioneurotic edema anti _ 

gave positive skin reactions to various foods and other substances. 


therapy were given for twelve months, with only incomplete relief from iatts- 

currences of urticaria and eczema. Then liistamine was given in doses of 0. joriii.’! 

dermally to 0.1 mg. subcutaneously. As a result the skin is clear and tresf* 

for the first time, and the patient notices only a slight early morning cough. (Jjcrspf- 

meat for pollen, sensitivity is being given at present following completion of "s ® 

Case 7.-— M. M., school girl, had had itching for four months. u-'?! 

scabies-like lesions with furunculosis from scratching and infection. jioiirs, 

without relief. Intradermal histamine injection relieved itching witidn 
and histamine desensitization treatment was given. The result was comple e r 


DISCUSSION 

The favox-able results obtained in this serie.s of eases hear 
effeetiveness of histamine therapy in allergic manifestations. 


out the Tcpoi’l/^ 
Use of histan^'^ 
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in accordance witli the desensitizatioii schedule described would seem to offer 
a simple and reliable means of rclicviii" skin disorders, in particular those dis- 
order occurring as the result of an allergic reaction to external or internal 
irritants. 

The lasting relief of conditions like urticaria afforded by a single series 
of histamine injections suggests that the administration of histamine effects 
a kind of desensitization at least comparable in results to that achieved by 
more laborious and more costly specific desensitization procedures and that it is 
often of greater duration than tliat obtained by the latter. 

Sueecssful relief of allergic disordei-s by histamine as reported lends sup- 
port to the theory that histamine or a histamine-like substance is produced in 
the body as an intermediate step in the body’s reaction to the majority of, if 
not all, allergens. Its production may be illustrated schematically as follows: 
Allergen — > Sensitive body cells — » Histamine (or histamine-like “H- 
substance”) — > Sensitive body tissue (vascular system) — > Allergic 
reaction 

Thus, on the basis of this hypothesis of the genesis of allergic reactions, when 
histamine is given according to a desensitization schedule, the sensitive body 
tissue, which formerly responded with a so-called allergic reaction to histamine 
produced hy the impact of the allergenic substance on sensitive body cells, may 
ho accustomed to histamine (desensitized) in such a way that it no longer 
reacts to the stimulus of allergen-produced histamine. The chain of events 
loading to the allergic manifestation is interrupted one step farther along 
than is the case with specific desensitization therapy where the response of 
sensitive body cells to the allergen itself is inhibited. 

Obviously, the use of nonspecific histamine desensitization treatment has 
definite advantages which should ajipcal to both doctor and patient alike, since 
this method offers the doctor aii immediate therapeutic means of I'clieving his 
patient, and also, in many cases, of obtaining a lasting remission, at a time when 
a search for specific irritants is exceedingly difficult. Of considerable importance 
IS the fact that nonspecific desensitization therapy with histamine is considerably 
eiere economical than most specific desensitization procedures. 

reactions reported are not uncommon to desensitization methods, 
®ti , while they illustrate the nece.s.sity for careful dosage and adequate super- 
'ision of the patient, they should not militate against the use of histamine 
■ ^han similar side effects deter the use of specific desensitization meas- 

iiroo * 


inc diliydrochloride was emplo^'ccl paroiiterally in very small doses, 

sdie^iir O-OOOOl mg. to 0.1 mg. according to a definite desensitization 
Fort * ^ ^ series of 53 cases of urticarial-like allergic skin manifestations. 

***>1 b completely relieved, 11 were improved, and only 2 were 

^croission of symptoms obtained bv histamine treatment has 

liistamine ' Patients with various allergic syndromes were given 

similarly, %vith a favorable response in the majority of instances. 
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These disorders, included infantile and senile eczema, rhinitis, pruritus am', 
pruritus vulvae, atrophic arthritis, and edematous conditions. 

Reactions of varying severity were experienced hy some patients to in- 
jections of histamine. Reduction of the dosage in most eases effected control of 
the reaction and permitted effective continuation of therapy. However, careful 
administration of histamine is essential; its use is apparently contraindicated 
in patients with certain cardiac disorders. 


CONCLUSIONS 


Complete remission of symptoms may be obtained in many cases of urticaria 
by the injection of minute doses of histamine dihj’^drochloride, increased reg- 
ularly by small amounts in accordance with a desensitization schedule. 

The similar use of histamine may be beneficial in otlier allergic skin con- 
ditions, particularly those evidenced b 3 ' pruritus, edema, and exudation. 

A word of caution is indicated with regard to indiscriminate histamine 
therapjL 

II. TREATMENT OP GASTRODUODENAL ULCERATION 


The etiology’’ of peptic ulcer is not j'et definitely known, and various the- 
ories have been promulgated to account for its occurrence. Some of these hy- 
potheses hold that an allergic reaction is at the etiologic base of many cases o 
gastroduodenal ulceration. The possible mechanism of such a reaction, m- 
volving liberation of a histamine-like substance and an ensuing vascular response 
which maj" eventuate in peptic ulcer formation, has been discussed in • 
Since desensitization with histamine was effective in correcting alergic 
manifestations such as urticaria and eczema, it was decided to employ a simi ^ 
desensitization schedule in certain cases of peptic ulcer, on the 
peptic ulcer is caused by' the influence of some allergen or allergens, 
decision was aided by' the fact that several patients treated for cutaneous a erg' 
disorders simultaneously experienced relief of ulcer symptoms. _ 

Eleven cases of peptic ulcer syndromes, in several of which the history s ^ 
gested that allergy' play'ed a causative role, were given histamine mje » 


using the 1 -.1,000 solution of histamine dihy'drochloride. The same S' 


ichedule as 


for urticaria was followed — 0.00001 mg. intradermally increasing 


to 0.1 

in successive subcutaneous doses at forty'-eight-hour intervals. A 
w'ith gastric carcinoma was also given histamine for its favorable effect on 
appetite, etc. The brief case reports which follow illustrate the respon 
these 12 patients to histamine thei’apy'. 


CASE REPORTS 


to de- 


Case 1. — ^L. D. E., male, aged 12 years, was sent in for an allergy' 
termine the cause of rhinitis. He had had an appendectomy two years ^ histop 

the summer before, and head cold and sinusitis for the past few weeks. ^ T,atient cow 
of allergy in the family and hay' fever in the father. During examination^ b exaniinad®” 
plained of pain in abdomen with marked tenderness over epigastrium, i- gippj 

revealed characteristic ulcer deformity. Bella.donna administration and a the 

diet were begun. On the first day of his hospital stay an nrticarial rash ® jjtrs- 
abdomen, which itched intensely. A. dose of 0.00001 mg. of histamine 
defnially for the urticaria, and both urticaria and epigastric pain morplo''® 1“' 

twenty'-foiir hours; previously it had been necessary to administer Vs iT- 
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relief. Pain returned tlie third day, and histamine was again given, with astonishing relief. 
The patient was kept in the hospital for ten idaj's on a modified Sippy diet and belladonna, 
but also received histamine according to the desensitization schedule every other day, witli no 
recurrence of pain or other discomfort. After a six weeks ’ diet therapy x*ray showed an 
apparently normal intestine. There has been no recurrence within eighteen months. 

Attention is called to the relief of urticaria and pain in this case. 


Case 2. — Negro, male, aged 50 years or more, a day laborer, complained of pain charac- 
teristic of duodenal ulcer. X-ray examination showed definite deformity of the cap; this 
deformity was not influenced by atropine. Sippy xlict, belladonna, and sedatives were given 
for two weeks; the patient remained in bed for one week. Tliis treatment did not bring 
about relief of pain and discomfort. Since it was evident that his condition was not im- 
proving and since it was difficult to keep him on a diet, surgery was considered. First, 
however, in view of the good results in Case 1, 0.00001 mg. of histamine was injected intra- 
dermally. The patient noticed almost immediately that his sensation of fullness was dimin- 
ished, and he felt more comfortable and remained so for fortj'-cight hours; then symptoms 
returned. Subsequent small doses of histamine, increased every other day for approximately 
20 doses to 0.1 mg., brought about apparently complete relief. Twelve months later, working 
twelve hours daily at hard manual labor and thinking very little about diet, this man is 
symptom-free. 


Attention is called to tlic fact that the patient continued to experience full- 
ness, soreness, acute pain, and distress until after histamine llterapy -was begun. 
From that point on there was a distinct diminution in his symptoms, with rela- 
tive comfort after the fourth injection. 

Case 3.— J. L. P., male, aged GO years, a railroad employee, had black tarry stools, extreme 
weakness, general gastric upset, and distress for one week before consulting me. T had 
attended him for perforations in tlic duodenum ten years previously, at which time an 
operation was performed which involved the simple closure of two ulcers with uneventful 
rMprery. The patient was put to bod under treatment witli an oral proprietary preparation, 
e adomm, and modified Sippy diet for one week. After stools had cleared, diet therapy 
was continued. X-ray examination showed constant deformity of ulcer, slight narrowing of 
P.^orus, and retention after six hours, hfedical treatment was continued, but as this did not 
patient appreciable relief, gastroenterostomy was advised and declined. Mr. P. was 
ronvineed that he had a malignancy and would not listen to any suggestion of surgery, 
reXd^ ^‘scorafort. He was finally persuaded to try liistamine therapy, keeping a daily 
tlie^r sensations and symptoms following each dose. The following are excerpts from 

f. , At one-thirty p.m., after having taken a shot at eleven a.m., am feeling 

‘r y^ comfortable in my stomach. 

^ Had no unpleasant feeling in my stomach after lunch today. Lay down for 

sot up feeling better than for a couple of weeks. 

If- wake with pain last night as usual, 

file tronbl^^ severe pain last night but ate a canned pear which I think caused 

^ feeling lots better after each shot now, only I am growing a bit weak. 

^ 3icl not fourth shot the only change I notice is that I am feeling better each day. . . . 

f Would hav^^ further daily data as the only effects I felt were that I was improving daily, 
if tlie^^b sooner but was waiting to see wliat the results would be and to 

absolutel ^ ° ^ made a complete cure, which I am convinced they have, as I have had 
thing X fourth shot. My appetite is good, and I eat practically any- 

thitteenth f ^ much. Have lost only one day from work since the 

° ugust and this is the twenty-eighth of September. ’ * 

of diew indicate the evident relief tvith histamine, without observation 
^ restrictions. Several weeks later, however, x-ray examination indi- 
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cated a defect which, I believe, may be the result of adhesions following previous 
perforation, since the patient is sj'mptom-free. 

Case 4. — B. A., wliite male, aged 37 years, complained of duodenal ulcer. He stafrf 
that he felt exactly as he did prior to his last perforation — ^lie had been operated ofOD 
twice pi’eviously with simple closure of perforations. Piiysical examination was essentiallj 
negative except for uloerlike tenderness and marked nndernourishment. There was a histoty 
of two attacks of astlima in 1934, with occasional difficulty in breathing and nasal ohstrec- 
tion. Since the patient required considerable building up for operation and since ftm 
was no indication of pyloric obstruction, he was put on an oral proprietary preparation, 
belladonna, and a modified Sippy diet, witli occasional sedatives. After tliree weeks he dil 
not improve subjectively and histamine tlierapy was initiated, beginning with 0.00001 mg. 
intraderraally. Tliere was a noticeable improvement in comfort during the nest forty-eight 
hours. Histamine injections were continued, with relief of symptoms, and the patient w.'ss 
discharged some three weeks later, apparently well and symptom-free. After a short intn- 
val, during which time no injections were given, symptoms returned, and a posterior gastro- 
enterostomy was performed. Tlie stomacli was normal and the duodenum showed two liealeS, 
old ulcers, but no evidence of induration of recent ulcer. Adhesions in the upper gastrointfo 
tinal tract were corrected. Following the operation recovery was uneventful except for Inc 
cough which responded to tr eatment, but convalescence was delayed by the patient s men a 
state. He would not take nouri.shment, complained! of every trifle, and, in general, was vk; 
hard to manage. Since sucli notable improvement had resulted from histamine prior 
tion, it was again employed in an attempt to aid in recovery. Injections of sma i os- 
brought about a decided cliange for tire better: the patient’s appetite returned, his *> 
to personal appearance improved, and lie wanted to sit up and get out of bed. 
tions were given for one week as a control procedure and symptoms returned, to e re lev , 
further histamine therapy. 

In this case the preoperative xtse of iiistamine enabled xis to build up 
patient sufficiently to stand operation, and its postoperative use was o ene 
in his recovery. Gastroenterostomy described above was performed lU 
temhei’, 1938; in April, 1939, the patient complained of soreness an^ 
in epigastrium. He was again given 13 injections of histamine, 
his sj’mptoms sxxhsided and he gained 6 pounds. The patient is appaien } 
at present. 

Case 5— H. D., male, aged 40 years, complained of pain in stomach, 
blood in stools, and fullness after meals. Physical examination revealed an un 
male, with tenderness in epigastrium. X-ray examination showed noim.i psg 

stomach ; a large crater on posterior wall of the duodenal bulb, a wide ^ paticBt was 
about ulcer, and a .diverticulum on tlie descending portion of duodenum. 
given 0.00001 mg. of iiistamine and on the follow'ing day felt better than le 
weeks previous. A bland diet w-as given without alkali neutralization or o mr^^ 

After two injections of histamine the patient was discharged from 

begci 


of his pliysician wlio continued with a regular schedule for histamine inj ^ 


...... .. --t, — I ■ o tlmraov n us 

improved clinically from the first injection. Two months after lustamme • . 


x-ray examination sliowed a fluoroscopically normal stomi 


ach, with no hypersecretion 
retention at six 


hours, 


hut 


constant deformity of duodenal bulb, but no visible niche; no retention m.-iints’”*'' 

moderate degree of hypermotility. His physician reports clinical relief 
to date. 

, distress churur 

Case 6.~E. McK., female, aged 41 years, had pain in epigastrium and 
teristio of ulcer. She had been treated for peptic ulcer since October, 1 pliysical 

slie had a hemorrhage. Two years previously a gastroenterostomy had been 
examination was essentially negative except for tenderness in vtitk 

Laparotomy scar. X-ray examination on admission revealed evidence of a s 
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a well-functioninp gastroenterostomy. After a blood transfusion the patient ^^as put on 
histamine therapy and a bland diet, with apparent clinical improvement. She was given 
injections at the hospital for ten days and then discharged; she received subsequent injec- 
tions at the office. She was apparently sj*niptom-frce one month after beginning histamine 
therapy, and although she had alight retention at six liours, the roentgenologist reported 
that no stomal ulcer could be demonstrated. After a remission of se\eral weehs, the patient 
again complained of distress in epiga«-trium. X-ray examination check ahowc<l a well- 
functioning gastroenterostomy; a small niche wifs observable at the stoma. Barium did not 
pas^ through the duodenum, there being a 10 jier cent retention at six hours; the remainder 
of the barium passed normally into the cecum. The patient was advised to re-enter tlic 
hospital for observation, but a bed was unavailable at the time ami she has since failed to 
appear for treatment. 

In this case definite clinical im])rovcmcnt was noted, particularly subjec- 
tive improvement, regardless of the x-ray findings. The i>atient was almost 
deaf, and it was exceedingly difficult to obtain information from her; also her 
mental state was not the most favorable for this type of cooperative study. 

C.\SE 7. — C. B. A., female, aged 48 years, complained of pain in the right upper 
quadrant and back, with hemateme‘’is, indigestion, fullness in epigastrium, headache, sinusitis, 
nervousness, and hot flushes. General e.xainination revealed only tendcrne.'S over the gall 
Madder on deep pressure; symptoms and history were sugge.stive of gall bladder disease or 
peptic ulcer. X-ray examination showed good gall-bladder shadows, with no evidence of 
calculi; in gastrointe.stinal series the stomach appeared normal, with normal peristalsis and 
^elhfilled duodenal bulh. Tliere wa« a minimal deformity of the duodenal cap, without 
definite niche. The patient had a chronic duodenal ulcer and was put on a bland diet 
without antacid medication and allowed to be ambulant. A daily record of experiences fol- 
oi\iiig histamine injections was kept. After the sixth do«o she began to feel comfortable and 
did not spit up further blood. She received from 0.00001 mg. to 0.1 mg. of histamine in 
L injections. 


^ I was unable to again x-ray this patient after the period of histamine in- 
jections, so no definite conclusion can be made of the degree of healing of her 
n ccr which may have taken place. Following the slsth injection, however, she 
'\as clinically free of symptoms for an indefinite period of time, slight svmptoms 
recurring after twelve months. 


Case 8. F. L. E., male, aged 31 years, a painter, had pain in his right side, nagging in 


character, with 


nausea, occasional vomiting, constipation, and nervous indigestion for six 


"pi * t ^ '-VII Wti, I .r vt* XV* 

iyorrhe C-xamination was essentially negative except for poorly kept teeth and 

eastr examination after barium enema showed no evidence of pathologj*. In 

coii>)dera} ? scries the chest and esophagus were fluoroscopically normal, there were 

and ^‘JPersecretion in stomach, spastic pylorus, marked deformity of duodenal bulb, 

second portion of the duodenum was redundant. There was 20 per 
’‘hjmach Ti^ stomach at six hours, but progress of the barium was normal beyond the 
Inimerliatel was put on a bland diet, and injections of histamine were begun. 

*^V»cf of ^ ^ following the first dose (within three to four hours), he experienced definite 

S*'neralU- fullness, gas, and pain in the aide; his appetite improved, and he felt 
contmued to stronger. Despite a complete aeries of histamine injections he still 

it si some discomfort in his side. A confirmatory x-ray examination was 

jQst distal toTl ^l-*iiormality in esophagus or stomach, but revealed a large ulcer pocket 

ll'c pyloriifl sphincter. Ketention in the stomach with considerable spasm about 

W‘orug was also noted. 

"ould of alumimim hydroxide, diet, rest, and histamine 

“ ^ y have eifected a more definite response. Subjectively, this 
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patient was the only one of those with knoivn nicer who did not respond salis- 
faetorily to histamine alone. Hoivever, both x-ray and gastric analysis in- 
dicated improvement. 


Case 9. — J. M. G., male, aged 41 years, has since 1929 suffered from gastromteihal 
symptoms suggestive of duodenal ulcer. He has taken soda, mineral oil, etc., for distention, 
gas, and discomfort most of his life. An x-ray examination in 1936 showed that he had an 
ulcer. A second x-raj' examination in 1937, b 3 ’ a different laboratorj-, did not demonstrate 
an ulcer. He was given 14 injections of histamine (0.00001 mg. to 0.01 mg.) at intervals 
of every other day; this therapy resulted in remission of s 3 Tnptoms for seven months, after 
which time he returned for further prophjdactic injections, stating that for this period he 
had been symptom-free. 

Case 10. — O. 6. C., male, aged 46 j’ears, was x-rayed in 1937 and told he had an 
ulcerated stomach. An x-raj' examination in 1939 revealed a normal stomach and nppei 
intestinal tract, but definite colitis and sj'mptoms of duodenal ulcer. Because his teeth and 
gums were poor, ids teeth were removed. Histamine injections were given before and during the 
removal of teeth with lasting abatement of symptoms. The discomfort was relieved iuine- 
diately and has not returned to date. 

Case 11.— W. I. G., male, aged 40 years, was previously x-rayed, hut no definite evidence 
of ulcer was found. He presented a historj' of indigestion, gas distention, nausea, 
Upsets, constipation, relief from soda, etc, A series of histamine injections aSorile 
remission of symptoms for several months. At present, after a nine months’ sympto® 
period, he is again experiencing some discomfort. 

Case I2. — J. W., aged 39 years, was admitted to service on Aug. 23, 1939, with 
of gastric ulcer. He was discharged and re-admitted on Sept. 20, 1939. He gave 
of syphilitic infection fifteen years previously with requisite treatment. wasj 

revealed advanced infiltration of carcinoma in cardia and lower esophagus.^ e P® * 
therefore, not a proper subject for histamine therapy, but histamine was ^ven m an 
to improve his appetite, and to determine what effect, if any, it might have on 
of well being. A noticeable improvement in comfort, in appetite, 
resulted. The patient became hungry and had no difficulty with his oo . g,j(gi(al 
condition was also improved considerably prior to his departure to a o imc 
attention. 


DISCUSSION 


nicer 


It may be very significant from the standpoint of etiology of 
that the same dosage schedule of histamine injections employed of 

treating urticaria and other skin lesions is effective in affording 
ulcer symiitoms. An allergic reaction has been proved to underlie t le m 


disoi’ders described in Part I, and reasoning by analogy one may assnm 


that 

;'Iy caused and perp 


cases of peptic ulcer responsive to histamine are similarly 
uated. _ ,, jjj fjiis 

Of course, it is not justifiable to assume on tlie basis of 
small initial series that all cases of peptic ulcer have an etiologm 
of allergy; in fact, the effectiveness of histamine may conceiva 
the substance per se, rather than of its desensitizing influence of 

or internal irritants. However, there is sufficient evidence ]iista- 

ulcer sj'mptoms in individuals of an allergic diathesis after injee 
mine to warrant the assertion that allergy' plays a certain relict 

assumption derives further support from the observation of simn an^ 
of allergic skin disorders in patients whose peptic ulcer symp 9® 
benefited. 
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Psychic factors should be considered to a certain extent in evaluating the 
efficacy of this type of therapy. However, that they probably play a minor 
role is evident from the finding that in at least one ease, symptoms which had 
been relieved by histamine injections returned when saline solution was sub- 
stituted for the histamine; when histamine therapy was roinstituted, the symp- 
toms once more disappeared. 

The small doses of histamine injected did not stimulate gastric acid secre- 
tion, as demonstrated by gastric anal.yses. This finding is of importance in 
view of the fact that peptic ulcer is invariably aggravated by increased acid 
flow. An effective therapeutic method should have no stimulating influence on 
acid production, and histamine therapy in the dosage employed apparently 
satisfies this criterion. 

SUMMARY 

Eight patients with peptic ulcer syndromes and demonstrable ulcers were 
treated with a bland diet, supplemented by injections of hitamine according 
to a desensitization schedule, without any attempt at acid neutralization. Simi- 
lar treatment was given in three other jiatients with similar symptom syn- 
dromes but without demonstrable evidence of ulcer. A twelfth patient with 
advanced carcinoma of the esophagus and stomach was also given a scries of 
histamine injections during his hospitalization period. 

Subjectively, the ulcer patients experienced relief of symptoms, in most 
instances following the fourth histamine injection, and they were able to enjoy 
a fuller diet than the routine in similar cases. There was a return of a sensa- 
tion of well-being in the person with cancer, with increase in appetite ns well 
ns in comfort. Remission of symptoms in duodenal ulcer syndromes without 
demonstrable lesions was apparently dependent on the total number of injec- 
tions and the amount of histamine given. 

Studies of gastric function did not demonstrate hypersecretion of acid from 
small doses of histamine; rather, there appeared to be some inhibition of secre- 
torj activity, and in one case actual lowering of the acid curve. 

X-ray studies of gastric functional activity and the regression of pre- 
yously demonstrated niches in several cases confirmed subjective evidence of 
improvement or healing of ulcer lesions. 

and reactions to injection of histamine, but occasional headache 

generalized aching, with a feeling of weakness, were experienced by some 
patients. . i a 


CONCLUSIONS 


this appear from the results obtained and the observations made in 

small series of eases that repeated injections of small amounts of histamine, 
ef doses, can well be used to augment the more recognized treatment 

ap 1C ulcer, supplementing diet, rest, and acid neutralization. 

Patient™'"^^ appear that the use of histamine desensitization therapy in 
affmrl ulcer symptom syndromes, hut without demonstrable ulcers, can 

Th fli'*'iauts a remission of symptoms. 

"I'lie in^s i‘™i'able response of patients with peptic ulcer syndromes to hista- 
uia increasing doses would indicate an allergic basis for the develop- 
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ment or maintenance of the sjnidrome in these cases. The response is similar, 
in respect to the type of therapy involved, to that observed in cases of urticaria 
and other skin lesions of a proved allergic etiology. 

From a consideration of the various factors involved, it would appear that 
the use of histamine in peptic nicer has a certain place, particularly in those 
patients who are of the so-called allergic diathesis type and manifest other 
symptoms of an allergic cliaracter. 

Further investigation of the histamine therapy of peptic ulcer is recom- 
mended. 

Acknowledgment is hereby made to Dr. Alvin E. Siegel and Dr. B. S. Gostin for the use of 
cases from the Medical Services of the Macon Hospital and for their interest and assistance. 
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CLINICAL CHEMISTRY 


THE ACID-BASE BALAN’CE IX THE PBASJIA AXD BLOOD CELLS OF 
NORMAL NONPREGNAXT, PREGNANT, AND PUERPERAL WOJIEN* 


Fred W. Oderst,! Pii.I)., Lexington’, Ky., and E. D. Plass, M.D. 
Iowa City, Iowa 


T he acid-base cfiuilibrium in tlic p!nsma of normal pregnant women has been 
intensively studied by many im*estigator.s, bnt there is still some disagree- 
ment concerning the extent and significance of the variations involved. Oavd 
and Peters/ Slimtwyler, Limhach, Bill, and 3h*ers/ Kydd/ Kydd, Oard, and 
Peters/ flyers, jMiintwyler, and Bill/ and Nice, Mull, Muntwylcr, and Myers'’* 
have recently reviewed the literature and liavc made excellent contributions 
toward the solution of this complex problem. It is generally agreed tliat during 
gestation there is a reduction in the carbon dioxide content and in the protein 
percentage of the plasma, which is associated with a comparable diminution in 
the total base, but tliere is still some differeiiec of opinion as to wlictbcr those 
changes affect the hydrogon-ion concentration. The present study was designed 
to investigate the plasma and whole blood and by calculation to dotei-mine altera- 
tions in the blood cells. 

AIATERIAL 

Complete studies were made on (a) ten normal nonpregnant women of the 
C'liildheariiig age (nurses and ambulatory patients witii minor afflictions that 
ordinarily would not disturl) the acid-base or the water balance), (b) ten primi- 
giaiidas and ton multigravidas who were in the third trimester of pregnancy 
and who showed no signs or symptoms of disease, and (c) ten normal post- 
partuni women who were tested seven to nine days after delivery. All individ- 
s received the regular (mixed) hospital diet. 


METHODS .VXD CALCUEATION'S 


• blood was drawn under anaerobic conditions into tubes 

sodium oxalate and oil and was analyzed for carbon dioxide con- 
oxygen content and capacity, chlorides, phosphates, cell 
rne, and water, A second portion, similarly treated, wns centrifuged under 
content ^^^Pornatant plasma was used for determining tlie carbon dioxide 

nitrow oapaeity, hydrogen-ion concentration, total protein, nonprotein 
clcan'd^^ phospliates, and water. The final portion was* collected in a 

allowed to clot, the serum being used for analyses of sodium, 
— magnesium, and sulfates. Potassium was determined on the solid 

Obstetrics and Gj-necolosj'. State Univer.sity of Iowa, 
at the United Shales Public Health Service Hospital, L,exlnston. 
for publication. Februarj* 14. 1940. 
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residues obtained when whole blon/l anri t ^ i 

« S..*” 

Concentration in the whole blood = Co ncentration in the plasma x plasma, v nin^. 
^ X X cell volume 

■“ 2 Q 0 , wliere X is tlie concentration in the cells. 

eqmIt™.'The1S“„ »re reported in teme ,f .1- 

the basic elements Voi T ^t^taation of the anions hound irilii 

KflPOJ- ™So fptoteinalej- f [HCOJ- e ICI ]- 1 

[Na]-^ + fXl+ 4 - fPniA nr 1 * ' hand, the total base equals 

Cell voLll . t,' «" *""■ ">« 

tubest and rntotio cternuned hj' using PJass .and Eourke sedimenlalion 

oVt”™ I f ""‘r 

manometric mA+i ^ Ttt- contents and capacities were determined by tbe 
nique of Van Slvke a Neill,® using the gas apparatus and lech- 

from the r 0.5 volume per cent were subtracted 

free ovvo-p^’ capacity, respectively, for the dissolved and the 

moleenlp'^nf L assume that one molecule of oxygen combines with one 

the millimols oTSoSbim 

of the plasma was determined by a K-fype 
Cullen ^ ^ q»i«hydrone microelectrode similar to that described by 

Volumes per cent of eai'hon dioxide were converted into milliequivalents 
present as bicarbonate by the following equation^- ’= : 

[BHCO3] = [CO,] 

-J lOPH'PK' + 1 

in which [COj] lepresents the millimolar concentration of total CO; or 
yqlume per cent CO, x 0.01976 

0.044 pX^ values of 6.10 and 6.13 were used for 

plasma and whole blood, respectively. The factor -_ represents the 

• 10^^® '* + 1 
concentration of free carbonic acid in the plasma. 

The alkali reserve was calculated from the volume per cent carbon-dio-vide 
combining power by means of the formula used to determine the amount o 
BHCOj. 

Carbon dioxide tension was calculated from the carbonic acid concentra- 
tion in the plasma by the following formula : 

0.0327 


p - CO .3 mm. 


of its todrosin eqSlLt^^^ (mEq. or mM). of a given constituent represents ^ 

equivalent), or j-jjj -r- l.OOS = 0,023. 

tAIanufactured by Alacalaster, Bicknell Co.. 40 Wendeli St., Cambridge. Mass. 
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The Polin-Wu motliod'^ was used to determine tlie iionprotcin nitrogen in 
plasma and whole blood. 

The total nitrogen of plasma was determined hy the micro-Kjeldahl 
method.” After the nonprotein nitrogen was subtracted, the protein nitrogen 
was multiplied hy the factor G.25, to obtain the total protein percentage, whieh 
was converted into milliequivalents of base combined with protein, [BP], by 
the formula of Peters, AVakeman, Eisenman, and Lee,’“ [BP] -= 1.072 P 
(pH - 5.04), in which an albumin-globulin ratio of 1.8 was assumed. 

The AA^ilson and Ball procedure for chlorides in whole blood and plasma 
was employed.^' The milligrams per cent of sodium chloride divided by 5.85 
represent the milliequivalents of chlorides in 1,000 c.c. 

Inorganic phosphorus was determined by the method of Youngburg and 
A'oungburg.” The milligrams ]ier cent of pho.sphorus was reduced to milli- 


18 

equivalents of [HPOi]"" -f [H,PO,]“ per liter bv the factor , accepting 

ul.U4 

Henderson’s” estimate of the proportion of primary and secondary phosphates. 

In the sulfate determinations the benzidine sulfate was prepared accord- 
ing to AVakefield,” but instead of pi-occeding to a colorimetric comparison, a 
titrimetric method was employed, using 0.02 norm.al sodium hydroxide with 
phenol red as the indicator. Assuming that each atom of sulfur combines with 
two equivalents of monovalent base, 1 mg. per cent of sulfate is equivalent to 
0.208 mEq. of combined base. 

The specific gravities were determined by weighing 2.0 c.c. of plasma or 
whole blood in a 25 c.c. silica crucible. The water content was obtained by 
drj-ing the specimen at 105° C. to constant weight. 

Potassium was determined on the dried material remaining in the crucible, 
whieh was treated with one or two drops of concentrated sulfuric acid and 
ashed overnight at a low heat in an electric mufde. The ash was dissolved in 
a few drops of dilute hydrochloric acid and water. The solution obtained from 
the plasma specimen was transferred to a 15 c.c. centrifuge tube and evaporated 
to drj-ness, while that from the whole blood was transferred to a 15 c.c. grad- 
uated centrifuge tube, made up to 10 c.c. with water, and centrifuged to sep- 
arate the insoluble iron oxide; an aliquot portion of the clear supernatant 
M^ution was transferred to another centrifuge tube and evaporated to dryness. 

e residues from the serum and whole blood were analyzed for potassium by 
e method of Shohl and Bennett.'" One milligram per cent of potassium is 


equivalent to —L- 
3.91 


or 0.256 mEq. per liter. 


Salit sodium was determined by the zinc uranyl acetate technique of 

’ ■ The direct method previously described by one of us" was used to 
u"ne the cell sodium, the concentration values of which are recorded. 


Ouc milligraj^ per cent of sodium is equivalent to or 0.0434 mEq. per liter. 

Krame''^"' determined by the Clark and Collip” modification of the 
isdall procedure.'* One milligram per cent of calcium is equivalent 

° ^ ^ AO’ mEq. per liter. 
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The method of Denis^® was employed for the determination of magnesium. 
One milligram per cent of magnesium is equivalent to 2 x or 0.819 

mEq. per liter. 

The base bound by hemoglobin, or base protein, [BP]c, was calculated ac- 
cording to the equation of Van Slyke, Wu, and McLean: 

[BP]e = 3.35 [Hb]e (pHe - 6.74) -f [OJe (0.25 pHe - 1.18) 
where [Hb]c represents millimols of hemoglobin per kilogi’am of water; [O,],, 
the millimols of oxygen per kilogram of water, and pHc, the hydiogemion con 
centration within the cells as estimated from a graph using plasma p a a- 
The values thus obtained maj' not represent the base actuallj bonn J 
hemoglobin in human blood, since the equation was derived from a a 
horse hemoglobin, but they undoubtedly have some value foi comp- 
purposes. 

RESULTS 


The average values for the various constituents (Table I), 
for the pH, are in accord with the reports of previous investigators. 
average pH value is the same in the pregnant women as in the nonpr j, 
thus confirming the observations of Kydd, Oard, and Peters, an ° 
total acid and the total base are diminished approximately 5.5 m q. 
pregnancy hut return to the nonpregnant level within 
delivery. Reductions of the bicarbonate and of the protema e 
chieflj^ for the decrease in total acid, ivhile the lowered so lum^ e.' 
reduced total base, which is associated with a lowered alkali from 

age values for carbon dioxide tension and for carbonic acid, as ]g(i. 

the total carbon dioxide content of the plasma, are slight j le 


pregnancy but return to normal shortly after delivery. alculateil 

Since all values recorded for the blood cells (Table II) hematocrit 

from the analyses of plasma or serum and of whole blood, an ^ 35 the 

determinations, it is obvious that they are subject to un for cell 

result of a possible summation of analytic errors. Aveiage reported 

chloride arid bicarbonate in the nonpregnant group agiee wi i the 

by Hastings, Sendroy, McIntosh, and Van Slyke,^" but of 

groups of women in late pregnancy; this confirms the ° show no sign'd' 
wyler, Myers, and Way."® The cell proteinates and phosptiat 
cant variations in the different groups. During pregnancj le pr 

cells are approximately 7.6 mBq. per liter below the nonpiCon returned**’ 
the seventh to the ninth days post partum they have on j par 
normal, being still 4.0 mEq. under the nonpregnant aveiage. 

The cell potassium, which represents most of the total ;vitl' s') 

is slightly elevated in the pregnant groups, the rise being repo''t‘'d’ 

increased hemoglobin content per Idlogi'am of water, . gj. and tb'"'*' 

During the early puerperium the cell potassium rises sti ^ n ^ go^ium co"*®”* 
no indication as to when it returns to normal. Values oi i ggjjsequenri}" 
of the cells gre available only for the pregnant groups, an gjjghtly 
comparison can be attempted. The alkali reserve is inciease 
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cells during gestation but is decreased in the plasma. After delivery both 
serum potassium and plasma alkali reserve return promptly to the normal non- 
pregnant level, in spite of the persistent elevation of the cell potassium. 

DISCUSSION 

The recorded pregnancy cliangcs in the various plasma constituents confirm 
the observations of previous investigatoi's and require no comment. 

During pregnancy the diffusible constituents of the blood cells vary gen- 
erally ^Yitll the alterations in the plasma to maintain a Donnan type of equilib- 
rium. The total base of the cells is not influenced by the reduction in the total 
base of the plasma but actually rises slightly because it consists largely of non- 
diffusible potassium, -which is closely associated with the equally fixed hemo- 
globin. This situation probably explains the increased alkali reserve of the 
cells. The amount of base bound -with hemoglobin to form a proteinate is gov- 
erned by the pH and the carbon dioxide content of the blood. In general, the 
variations in the acid-base balance of the cells arc due directly to alterations 
in the concentrations of the diffusible constituents of the plasma. 

An interpretation of the acid-base balance in pregnant and puerperal 
wmen has been presented in a previous communication dealing with pul- 
monary ventilation.*'^ 


SUMMARY 

1. A detailed study of tlie acid-base equilibrium of the plasma and cells 
in normal ten nonpregnant, twenty pregnant, and ten puerperal women is re- 
ported. 

2. The reduction of the total acid constituents of the plasma, which occurs 
during pregnancy, is balanced by a corresponding reduction in the total base, 
'Mth both factors returning to normal early in the puerperium. 

3. The pH of the plasma remains at the normal nonpregnant level during 
pregnancy and early puerperium. 

4. The free carbonic acid and the carbon dioxide tension of the plasma fall 
S ightly in late pregnancy but return to the nonpregnant level shortly after 
delivery. 

5. The total acid constituents in the cells are slightly diminished in late 
pregnancy but return to normal within nine days after delivery. 

6. The potassium concentration in the cells, which is increased in late preg- 
, sho-ws a further i*ise during the early puerperium. 

^ olkali reserve of the cells is increased during pregnancy but falls 

e uonpregnant level within a few days after confinement. 
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THE jMAGNESIUir CONTENT OF THE RLOOD SERUJI AND URINE 


Mitchell Bernstein, P.A.C.P., and Samuel Simkins, JI.D. 

, Philadelphia, Pa. 


B ecause of the increasing importance of magnesium in the field of cardio- 
‘ vascvilar-renal disease and because of the relative dearth of data in the 
literature, the present investigation of the magnesium content of the blood serum 
and urine was undertaken. 

The patients studied comprised 201 consecutive medical ward cases, divided 
almost equally between both sexes. A total of 325 blood serum detenuinations 
was performed. Insofar as could lie determined the patients had no disturbance 
of mineral metabolism. In general, a fasting blood magnesium test was made 
although it has been shown that no noticeable difference exists in the mag- 
nesium content of the blood before and after meals. ^ The method employed 
for the determination of magnesium was the modification of the Titan yellow 
dye method recently perfected by Haury,® a method so essentially simple and 
dependable that it ought to mark a great step forward in the clinical investi- 
gation of magnesium metabolism. 

The statement is seen I'epeatcdly in the Htci’ature that the amount of blood 
jnagnesium is remarkalily constant, varies within very narrow limits only, and 
is practically uninfluenced by pathologic processes.^* * Yet a careful perusal 
of the literature disclosed vei-y marked divergences in the recorded data. 

The patients were divided into a noncardiac group with a wide miscellany 
of diseases, a cardiac group, and a nephritic gi’oup. The combined cardiac and 
noneardiac group totaled 197 patient.s in whom 312 blood serum magnesium 
tests were performed. The average magnesium value was 2.1 mg. per cent 
''hich agreed fairly well with the results of Bechor® (1.8 to 2,3), Bomskov® 
(b7 to 2.6), Velluz and Velluz" (2.00) (1.62 to 2.40), Brookfield® (2.04) (1.89 
2.19), Cope'’ (2.06) (1.82 to 2.63), and AValker and AYalkeF® (1.5 to 2.9), but 
''as considerably below the values obtained by Greenberg and others'^ (2.74) 
(2-0 to 3.6), Briggs ^2 ^2.23 to 2.50), AVacker and Fahrig'^ (2.4) (2.03 to 2.97), 
Denis'* (1.6 to 3.5), Cohen'= (2.56) (2.09 to 2.74), Marriott and Howland*® (2.2 
to 3.5), Kramer and TisdalP^ (2.3 to 4.0), AA’'atchorn and AlcCance*® (2.3 to 
“■65), AVatchorn*« (2.2 to 2.6), and McCancc and AA"atchorn=® (2.00 to 4.05). 
^ noteworthy feature is the marked individual variations we found (1.23 to 
• 4) in support of the findings of Greenberg and co-workers.** Evidence of 
■e serum magnesium does not vaiw within such narrow limits as was hitherto 
supposed. 
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I’hihdefnMA®^®''® 'he Jefferson Society for Clinical Investigation, Jefferson Medical College, 
’ Deceniber 21. 1939. 
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NONCARDIAC GROUP 

Tlie noneardiac group included 94 patients in ivhorn 138 magnesium test! 
were performed. The average serum magnesium was 2.12, -with extremes of ISi 
to 3.11. A division of this group into smaller groups of patients vith defimle 
diseases (such as pneumonia, irritable colon, cholelithiasis, hroneliial asthma) 
disclosed no great variations from the general average. The pregnancy group 
(comprising 4 eases) tended to show somewhat lower values in support of the 
findings of Watehorn and McCance.*® The miscellaneous section comprised a 
great variety of diseases, including erysipelas, Hodgkin’s disease, scleroderma, 
Henoch’s purpura, bronchiectasis, psoriasis, thromboangiitis obliterans, ulcera- 
tive colitis, and chronic l.nnphatie leucemia. 


Table I 


Blood Serum Magnesium Values 


PrAGNOSIS 

KO. OP 
PATIENTS 

NO. OF 
TESTS 

AVG. BLOOD SERUM 

(mg. %) 

blood SEF.Ol! 
(jig. ‘fc) 

(EXTP.ESIES) 

A. Noncardiac Group 

Pneumonia 

Cholelithiasia 

Irritable colon 

Pyelitis and nephroptosis 
Broncliial asthma 

Diabetes mellitus 

Pregnancy 

Duodenal ulcer 

Miscellaneous 

1 

16 

17 

11 

8 

10 

7 

4 

4 

61 

1.96 

2.02 

2.14 

1.96 

2.12 

2.06 

1.99 

2.28 

2.21 

9 12 

1.38-2.60 

1.69-2.83 

1.58-2.40 

1.66-2.91 

1.62-2.38 

1.68-2.30 

2.04-2.41 

1.37-3.11 

— 


B. C 

ardiac Group 

— Ti;r.5 ^ ' 

Ambulatory hypertensives 

23 

34 

2.25 

1.63-^41 

Ward hypertensives 

31 

57 

2.27 


Arteriosclerotic heart disease 

35 

66 

2.23 

129-3.30 

Miscellaneous heart disease 

14 

17 


fofljSr 

Cardiac total 

103 

174 

2.2o 


Total groups A and B 

197 

312 

kl9 



Chronic nephritis 


C. 

4 ” 


Chronic Nephritis 

I 13 T 



CARDIAC GROUP 


The cardiac group numbered 103, of whom 54 had lyacher 

ease. The magnesium level in this condition is still a 
and Pahrig^® state that magnesium is the only mineral form iR jj,agnesi®’ 
centration in the serum in essential hypertension. Their j 5 ]ij-pcr- 

value was 2.41 as compared tirith their normal of 2.2S. In a found 

tensive patients udthout severe renal damage Walker and a ' ^ 
average value of 2.36, as compared ivith their normal value^ o ^ f,nses. 

active young adults, and 2.3 in miscellaneous medical and surgica 
In 1923 Weil, Guillaumin, and Weismann-Netter”-^ found an m^ 
magnesium in a feu" eases of essential hjTerlension, but to j^ed hf 

AValkerd® "These figures demate so far, howetvr, from the s 
other authors that comparison is not possible. ” In our senes w 
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hypertensive patients whose magnesium levels were 2.5 (1.67 to 3.31) and 31 
ward hypertensive patients of wliom many were decompensated with values of 
2.27 (1.63 to 3.41). Tlie grand average for the hypertensive group was 2.26, as 
compared with our normals of 2.12. The increase is very slight hut is in con- 
formity with the results obtained liy the authoi-s quoted above. AVhctlicr any 
significance is to bo attached to so small a difference is certainly open to question. 

The arteriosclerotic heart disease group numbered 35 patients in whom 66 
magnesium determinations were effected. Tlic average value was 2.23 mg. per 
cent, with extremes of 1.57 to 3.54. In the miscellaneous heart disease group 
were 14 patients in whom 17 blood magnesium studies were made. The group 
was heterogenous and included 4 cases of chronic rheumatic heart disease, 2 of 
congenital heart disease, one of acute rheumatic fever, 3 of subacute bacterial 
endocarditis, one of syphilitic heart disease, one of scarlatinal heart block, and 
2 of thyrotoxic heart disease. The average magnesium value for the foregoing 
group was 2.24 (1.29 to 3.30). It is noteworthy that the magnesium value for 
nonlij-pertensive patients with cardiac disorders is elevated to practically the 
same degree as in patients in the hypertensive group, though again emphasis 
must be laid on the fact that the increase is very slight (Table I). 

NEpiinmc GROUP 

The question of the magnesium content of the serum in renal insufficiency 
IS still in a state of flux. One group affirms that there is no retention of mag- 
ncsuim in renal insufficiency. In this group are Denis and Hobson, who ob- 
tained figures of 2.2 to 2.9 in 19 patients, Denis,^“ working in experimental 
nephritis, and Fishborg.-* In 1923 Salvcsen and Linder^ reported 15 patients 
in whom they sometimes found a reduction and sometimes an increase in mag- 
nesium (1,5 to 4.6). Somewhat similar results were obtained a year later by 
abinowitch*'’ (1.6 to 3.1). That magnesium is retained in renal insufficiency 
as been asserted by another group of investigators. Included are Becher,'* 
echer and Hamann,^’ who found values of 2.7 to 5.7 in 10 eases; Walker 
and alker,'” who found abnormally high serum magnesium values in 5 hyper- 
enshe persons with renal damage (2.07 to 4.20) ; Cope,® who in 1936 found 
la serum magnesium considerably elevated in 5 patients with renal damage in- 
creased after intensive alkali administration (4 patients mth readings over 4.00 
an one with a reading of 6.84) ; Hirschfelder,®*’ who in 1934 reported serum 
fidd'>^**'^™ figures often considerably' raised in renal inadequacy; and Brook- 

I who confirmed the increase of serum magnesium in renal dysfunction in 
a scries of 21 cases (values did not exceed 3.93). 

In the present investigation, 4 cases of nephritis were studied. The aver- 
age reading vas 3.31 (1.89 to 4.60). 

for t.— L. F., a female, aged 24 years, liad had chronic nephritis of a mild character 

no—t years but no renal insufficiency. Blood magnesium values taken several weeks 

aPW were 1.89 and 2,65. 

lonephriti^ ^ male, aged 63 years, had hj-pertension with definite chronic glomeru- 

Period slight renal insufficiency. Blood magnesium determinations within a 

Prorement 'reeks were 2.90, 2.SG, and 2.06 keeping pace with the patient’s clinical im* 
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Case 3. — C. B., a female, aged 17 years, liad advanced chronic glomerulonephritis. BW 
magnesium ivas 4.36 on admission, 4.17 on the sixth day, 3.99 on the seventh, and 4.36 on tie 
thirteenth. She received 1 ounce of magnesium sulfate by mouth on the sixth and scvenli 
days, and 1.5 ounces on the ninth, tenth, eleventh, and thirteenth days, as well as an inlni' 
muscular injection of 2 c.c. of 50 per cent magnesium sulfate daily from the eighth to 
thirteenth day inclusive. 

Case 4. — M. J., a hypertensive negress, aged 38 years, had chronic glomemlonephrlti; 
with extreme degree of renal insufBcieney. Initial blood magnesium on admission to lie 
hospital (July 16, 1937) was 2.8. She received intramuscular injections of 2 c.c, of 50 per 
cent magnesium sulfate twice daily from August 3 to August 16 inclusive. Blood magnesium | 
level on August 5 was 2.90, on August 12, 3.68, and on August 16, 4.60. The patient hccanie | 
comatose on August 19 and died the following day. Post-mortem examination confirmed the j 

presence of an advanced glomerulonephritis. The results obtained bear out BrooMeldV 
findings that an increase of serum magnesium is almost invariably present in renal dys- 
function and corroborate his failure to disclose magnesium levels sufficient to produce coma 
as advanced by Hirschfelder.no 


URINARY MAGNESIUM 

There are very few reeoi’ded experimental studies covering the level of th 
urinary magnesium. Cope“ recorded the basic urinary output of magnesiumw 
one patient as 50 mg. per day. Walker and Walker^” found the twenty-four 
urinary output in a group of normal active young adults to average b'c 
( 32.5 to 307.0 mg.) and 86 mg. (5 to 243 mg.) in a group of miscellaneous mediea 
and surgical hospital patients. In 8 young adults Weber'"’ recently repoite^ 
average daily urinary excretion of magnesium to be 83.9 to 132.1 ing. ' 
series the average dail.y excretion of 57 patients on admission to the hospi a 
found to be 105.5 mg., with values ranging from 17.3 to 285.0 mg. 
agree closely with those obtained by Walker and Walker. Such higi 
as we obtained might readily be expected a priori when the great ranoC 
indmdual diet is considered. . ,, , 

In several patients intramuscular in.iections of magnesium sii 
given with a consequent reflection in the urinary output. In mag- 

patient the initial urinary output was 45.3 mg. After 2 c.c. of 5 pei 
nesinm sulfate were injected intramuscularly twice daily fm 
urinary output rose to 102.9 and to 140.7 mg. the subsequent day. ^ ^ 

In a patient with arteriosclerotic heart disease the initial nnnaij 
80.0, rose to 158 the day’- following the intravenous injection of 
cent magnesium sulfate, reached 298.0 following the injection o ^,^ 5 ^ to 

cent magnesium sulfate intramuscularly twice daily for four aj , < , 

a peak of 416.1 after the intramuscular injections were 
more. No correlation could be established between the mine 
blood level. 

CONCLUSIONS 

1. A total of 325 determinations of the blood serum magnesia 

in 201 medical cases with no disturbance of mineral metabolism. tlF ^ 

2. A total of 312 determinations in 197 of the 2 per 

nephritic patients in the series) showed an average value o 

(1.23 to 3.54). _ ,g 

(a) A total of 138 magnesium tests in 94 noncardiac pn 
average value of 2.12 per cent (1.37 to 3.11). 


continued for p 

output and ttic 
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(b) Ninety-one magnesium tests in 54 hypertensive persons gave an average 
value of 2.26 (1.63 to 3.41). 

(c) Sixty-si.v magnesium determinations in 35 arteriosclerotic heart disease 
patients showed an average value of 2.23 (1.57 to 3.54). 

(d) Seventeen magnesium tests in 14 patients with various other forms of 
leart disease showed an average magnesium value of 2.24 (1.29 to 3.30). 

3. In 4 cases of chronic nephritis with varying degrees of renal insulTiciency 
he blood serum magnesium level was elevated to almost double the normal value 
(3.31) (1.89 to 4.60). 

4. The average twenty-four-hour urinary output of magnesium in 57 per- 
sons was 105.5 mg. (17.3 to 285.0) . 

1321 Spruce Street 
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INFLUENCE OF GLYCEROL ON GLYCEMIA IN NORMAL AND 

DIABETIC INDIVIDUALS® 


AIax Wishnofsky, AI.D., Arthur P. Kane, M.D., NYillum 0. Spit7, j ■ v 
Saul SIichalover, M.D., and Ch.vrles S. Byron, M.D. 
Brooklyn, N. Y. 


T he relationship of substances other than hexoses, ^ Ay 

three cai-bon atoms, to carbohydrate metabolism has receive consi 
attention. Our Imoniedge of the metabolism of some of tiiese 
eYer, in many respects fragmentaiy. In this paper ive siiall concern 
witii the metabolism of glycerol. Althohgh much 
subject, there are certain important phases wliich have receive o' 
teution. Experimental work tending to elucidate these prob eies 
ported. 


REVIEVY OF literature 


P;e following sm 

(3) o 

0 ? 


The metabolLsm of glycerol may be considered from ■ 
points: (1) g’lycogenesis, (2) antiketogenesis and ketolysis, 
hj'pogli’eemic shock, (4) influence on blood sugar. 

1. Glyeogenesis. Catron and Lewis^ foimd that the glveep 

formed in the liver after two- and three-hour periods of absorp aft 

from the gastrointestinal tracts of wdiite rats were equal to gjiapir 

absorption of equivalent amounts of glucose over the same obserP 

has completely confirmed these observations. Chambers an 
that a practically complete conversion of glycerol 


faj' two phlorhizinized dogs. Saasum and Woodyatt* lonn^ pteasnd' 
aldehyde was quantitatively converted into glucose as pjat tbb 

glycosuria in deglycogenated phloi'hiziniaed dogs. The.! 
dudes the possibility of glycerol having a greater utilization 
itself in diabetic persons. ■ ^ jtetjw’’" 

. ‘From the Xledica! Seiwice of Dh. E. L. Shlevin and the Department 
of the Jewish Hospital, Erookiyn. 

Beceived for publication, November 9, 1939. 
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2, Anfikctogenesis and ketolysis. Although the antiketogenic action of 
glycerol was first noted by Hirschfeld in 1895, it was most convincingly dem- 
onstrated by Satta’s experiments."' Shapira- found that equivalent amounts of 
glucose and glycerol had equal ketolytic properties. 

: 3. Influence on liypoglyeemic shock. Vocgtlin and Dnnn“ observed fliat the 

-sjTnptoms o£ insulin shock (coma and convulsions) were completely relieved by 
Intravenous or inti’apcritoneal injections of glycerol. Noble and Macleod,” on 
the contrary, found that glycerol did not affect the symptoms of insulin shock 
,'in the slightest degree. 

* 4. Influence on respiratory quotient. The only work on this subject is by 

McCann and Hannon," who compared the respiratory quotients in three nor- 
■ mal persons after the ingestion of glycerol and glucose. They found that whereas 
3 marked rise in respiratory quotient was produced by glucose, no rise occurred 
"3th gb’cerol. It should be mentioned that glucose and glycerol are not 
strictly comparable, for the respiratory quotient of glucose is 1, whereas that 
of glycerol is approximately 0.S6. 

5. Influence on concentration of blood sugar. A'’ocgtlin, Thompson, and 
, Dttim' found that glycerol given to fasted rabbits produced a hjqterglycemia 
j.rf considerable e.xtent and duration. This increase was not duo to an increase 
m coneenti'ation of the blood. Studies on the influence of glycerol on glycemia 
in man have been scant. Kneip’ obseiwod that glycerol given in doses of 0.5 
to 0.6 Gm. per kilogram of bod.v weight did not influence the blood sugar of 
We diabetic and four normal children. Behrens'" also found that a dose of 30 
jin. of glycerol did not give rise to hyperglycemia in one diabetic and three 
tormal children. 

Paf.s, such as ti’istearin or triolein, when completely saponified yield approx- 
imately ten parts by weight of glycei’ol to ninety parts by weight of higher 
3tty acids. As previously mentioned, Sansum and AVoodyatt contend that 
fl.vcerol doe.s not have a greater utilization rate than glucose itself in diabetic 
Pereons. It has been customary in estimating the glucose value of a diabetic 
let to consider fat as yielding 10 per cent by weiglit of glucose, and to put 
3t glucose in the same category as that derived from starch. 

Investigations on the influence of glycerol on blood sugar have been frag- 
mentary and inadequate. In this paper results of experiments will be reported 
W the influence of glycerol on blood sugar on a fairly large number of normal 
w iabetie individuals. The question of the utilization rate of glycerol in 

Je ic persons will to some extent, for reasons given below, be elucidated by' 
we results obtained. 

METHOD OF PROCEDURE 

performed on 13 normal and 10 diabetic persons. Eighty' 
ivcrc^ Sb'cerol,* in sufficient aqueous solution to constitute a total of 500 e.c., 
lu each person in the morning after a fast of fourteen hours, 
five p". blood were taken from the normal individuals before, and forty- 
’ flutes, two, and three hours after the ingestion of the glycerol. The sugar 

eluco^ '•f Glucose from glj'cerol, two molecules of glycerol yield one molecule of 

d 2c,ii,o, ^ P iS"]! of hydrogen. 

' «rtis 04 + 4 H, Or SO Gm- of gljxerol yield 78.2 Gm. of glucose. 
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Table I 


Coa'cexteatio-v of Dextkose IX the Blood of N'oemal Individuals at the Fastssc tei 
AND After the Ingestion of SO Gm. of Glycerol 


CASE 

NO. 


BLOOD 

SUGAR 


FASTING 

LEVEL 

rOETY-ITVE 

MINUTES 

POSTCIBAL 

TWO HOURS 
POSTCIBAL 

THREE HOnS 
POSTCBM 

1 


100 

98 


2 


95 

111 


3 


102 

115 


4 

IQS 

97 

147 

117 

5 

94 

104 

128 

IM 

G 

97 

134 

126 

119 

7 

95 

105 

116 


8 

87 

80 

87 


9 

100 

90 

111 


10 

92 


109 


11 

100 

130 

147 


12 

98 

103 

103 


13 

no 

112 

108 


Means 

97 

104 

116 

IW 


Table II 


Concentration of Dextrose in the Blood of Diabetic Persons at the Pastisc Dtt 


CASE 

NO. 


blood SUGAR 


FASTING 

LEVEL 

ONE HOUR 
POSTCIBAL 

TWO HOURS 
POSTCIB.AL 

TOSrCIBAIi 

— ~1U 

198 

1 

138 

141 

145 

2 

171 

169 

192 

2S6 

3 

4 

182 

123 

223 

138 

308 

135 

133 

173 

5 

166 

183 

194 

318 

6 

246 

282 

333 

?S2 

7 

200 

246 

254 


8 

194 

213 

217 

388 

9 

230 

286 

351 

41I____ 

10 

Means 

361 

201 

366 

225 

400 

253 _ 
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content of the blood was determined by the Folin-AVu method. In the diabetic 
patients the blood specimens were taken at the same time with one exception, 
namely, one hour instead of forty-five minutes after ingestion. 

AX'.VLY.SIS AXD DISCUSSIOX OF RE-SULTS 

As mentioned in the review of the literature, there has been a paucity of 
study on the influence of glycerol on glycemia. Voegtlin, Thompson, and 
Dunn’ foimd that glycerol given to fa.stcd rabbits produces a hj'perglyeemia 
of considerable extent and duration. Kneip’ and Behrens,’” on the other hand, 
obsen-ed that glycerol bad no influence on the blood sugar in several normal 
and diabetic children. 

Table I shows the concentrations of the blood sugar in 13 normal individuals 
at the fasting level and after the ingestion of 80 Gm. of glycerol. A definite rise 
in the concentration of the blood sugar is noted in 8 of the 13 persons. 

Table II shows the coneentration of glucose in the blood of 10 diabetie per- 
sons at the fasting level and after the ingestion of 80 Gm. of glyeerol. In 8 of 
the 10 cases a definite ri.se in the concentration of the blood sugar is observed. 
This rise may be collated uith that of a comparable group of diabetic persons 
who received 75 Gm. of glucose (Table III). It will be noted that the rise in 
the concentration of the blood sugar when glucose is given is markedly greater 
than after glycerol. 

The question arises: To what c.xtent is this difference the result of a dif- 
ference in the rates of absorption of the two substances from the human gastro- 
mtestinal tract! There has, unfortunately, been no experimental work on this 
™hjeet. As alreadj- mentioned, Catron and Lewis' found that the amounts 
of glycogen formed in the liver after two- and three-hour periods of absorption 
of glyeerol from the ga.strointestinal tract of white rats were equal to those 
observed after the absorption of equivalent amounts of glucose over the same 
periods. This would indirectly indicate that no significant difference in the rates 
ot absorption of glucose and glyeerol from the gastrointestinal tract e.xist.s. 

-Another question is whether the rise in the concentration of blood sugar 
a er glycerol is produced by an increase in the concentration of the blood. As 
Prenonsly noted, Voegtlin, Thompson, and Dunn’ did not observe any increase 
ni the concentration of the blood in rabbits after the ingestion of glycerol. 

The point to be considered now is the capacity of the diabetic person to 
1 ize glycerol as compared with glucose. As noted above, San.sum and 

0 >aU* contend that glycerol does not have a gi’eater utilization rate than 
" ocose in diabetic persons. ' 

'tienf'^^*^ glycemia, and consequently glyco.suria, occurs in diabetic pa- 

Ibe two- to three-hour period immediately following a meal. This 
will^T- b'Jycemia varies even when different hexoses are given. Thus galactose 
p to a lower blood sugar curve than an equal amount of glucose, 

is > the diabetic person can utilize galactose better than glucose. This 

‘"■lien' i""'' ’>0 w-ith glycerol. As already shown, the blood sugar curve 

of cl ^ togested is markedly' lower than when an equivalent amount 

a cf . , ^ taken. It must be concluded then that the diabetic individual has 

ta or capacity' to utilize glvcerol than glucose. 


the journal of laboratory and clinical medicine 

It should be uieutioiied that this matter is of more seieiitific tlian pKiclicc! 
importance, for tlie amount of glycerol derived by the saponification of fat is 
small. Furthermore, the gl^'eerol is produced at a slow rate. 

, CONCLUSIONS 

1. The ingestion of glycerol produces an increase in the coneeniration oi 
blood sugar in a majority of normal and diabetic individuals. 

2. Diabetic person.s have a greater capacity to utilize gl,ycerol than ghicosD. 
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GUANIDINE-LIKE SUBSTANCES IN BLOOD® 

VII. Guanidine and Other Blood Constituents in Experimental -'V'OX 


Jerome E. Andes, Ph.D., M.D., Edward J. Van Liere, Bh.D., ; • > 
Erlene j. Andes, B.S., M.S., and Paul Vaughn, B.S., 
Morgantown, W. Va. 


I 


E this series’ that a 


T HAS been pointed out in the previous paper of 
for hyperguanidinemia has been reported in a number of con i 'O’’ 
ing spasticity or convulsions. Although a part of these 
or possibly all in some disea.ses, may be ascribed to faulty anal.i tic'’ 
faulty interpretation, there is still sufficient data to make adt''®’’ 
ivorth while in this direction. _ disproi'^'^ * 

As already pointed out’ recent work seems to have enjueb ^,^ 1 , 
thesis of a hyperguanidinemia in parathyroid insufficiency.'® 
observed by previous investigators seem to be entirely due to faulty 

•From the Departments of Pathologj- anti Physiologj-, West Virginia 
Medicine, Morgantown. 

Received for publication, November 20. 19S9. 



ANDES ET AL. ; GUANIDINE-LIKE SUBSTANCES IN BLOOD 


531 


possibly to blood concentration from dehydration. Tliere is more evidence, 
however, that tlie convulsive states associated with llic toxemias of pregnancy 
and related disorders may have a definite relationship to the concentration of 
guanidine in the blood. iMalmcjac and co-workers,'’*" ^linot and Cutler,^- and 
Andes, Andes, and Jlyers^^ have found a definite increase in the blood guanidine 
concentration in the toxemias of pregnancy, especially in true eclampsia. Traut 
and JlcPate" observed hyperguanidinemia in a ease of dysmenorrhea accom- 
panied by convulsions. Tlic entirely negative findings of dc "NVcsselow and 
Griffith," Stander,^*’ and ICriegcr^’ throw considerable doubt on the value of 
these findings. Andes and co-workci’s'® have pointed out that hyperguanidinemia 
in eclampsia is usually accompanied by some degree of renal iiisuflieiency, and 
suggest this factor as the pi'obable cause of most of the increase (renal in- 
sufficiency is usually, if not invariably, accompanied by an increase in the blood 
guanidine concentration^®). They did note, however, a definite liyper- 
guanidinemia in two case.s of eclampsia with convulsions not accompanied by 
nitrogen retention, and furthermore, pointed out that patients in convulsions 
tended to show higher values. Tlicy also demonstrated a definite increase in 
the blood guanidine in iiormaf women after delivery. 

- Ellis, Neal, and Frazier'^ have reported an increased blood guanidine con- 
tent in epileptic persons, the increase rouglily paralleling tlie severity of the 
clinical symptoms. Althougli tiicir work has not been confirmed, tiie changes 
observed arc so marked as to aiiparently relate the blood guanidine cliangc to 
the conndsant state. In addition, Dodd and Minot®"' and also Seliumachor,®® 
have noted a hyperguanidinemia in the convulsive states of cliildliood. It is the 
opinion of some that dehydration is an important factor in producing the blood 
changes in this last set of conditions, but sueli has not been proved to be the 
entire cause. 

In an attempt to elucidate the entire problem, Andes and Emerson® ad* 
nunistcred various convulsive drugs to rabbits and dogs, but obtained entirely 
iiegative results as far as blood guanidine was concerned. There still remained 
le possibility that anoxemia of the muscles and otlier tissues might be an im- 
portant factor. Dordi’s observation®® of the presence of a hyperguanidinemia 
in pneumonia is some evidence as to the i)robability of this relationship being 
piesent (even though Dordi attributed the cliange to liver damage rather than to 
anoxemia). This work was carried out to determine whether any relationship 
existed between anoxemia per sc and the guanidine content of the blood. 


EXPERIMENTAL 

^ Dogs were used as experimental animals. Only large, or moderately large, 
^ ^ selected to minimize as far as possible any error due to the sliglit 
sam^T resulting from the withdrawal of the relatively large blood 

' ^ animals were fasted twenty -four hours before the experi- 

gan and were not even allowed water during the course of the procedure, 
*' temn produced by the use of a tank in which the pressure and 

could be held quite constant. The altitude in feet was computed 
■'CXygeu pi’cssure inside the tank; likewise the partial pressure of 

le period of anoxemia varied from thirty minutes to over seven and 



532 


THE JOURNAL OP LABORATORY AND CLINICAL 


JIEDICINE 


Table I 

Blood Guanidine in Anoxemia 
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one-lialf hours. The aUitudes used varied from 18,000 to 21,000 feet (o.vygen 
pressures of 80 to 53 min. Ilg, respectively). It is believed that this degree of 
:anoxemia (especially in the seven-and-one-half-liour periods) is entirely ample 
; to bring out any alterations in the blood chemistry that might ho observed in 
in life during anoxemia resulting from a spastic state. 

In the first group of animals two dogs were used for each experiment : one 
' as a control and one for the anoxemie cxpci’iment. Both dogs were anesthetized 
,\vith sodium barbital and sacrificed after the experiment. The use of a separate 
. control was decided upon to eliminate the possible error from blood loss due to 
tlie withdrawal of blood samiiles. Tlie anesthetic served to oliviate errors arising 
. from museular aetivity and dcliydration during the period of anoxemia. In the 
second group of animals tlie same dog was used as a control, that is, samples were 
; withdrawn before and after the period of anoxemia. No anesthetic was em- 
ployed in this group and only relatively large animals were chosen. 

, Blood sugar, urea, and carbon dioxide capacity were determined b.v standard 
analytical procedures. Blood guaiitdiiic was estimated by the method of Andes 
and Myers.’* Hemoglobin was measured by both photoelectric and colorimetric 
procedures. Tlie determinations wore all made immediately after the blood 
' was withdrawn. The results are given in Table I. Tlie table is divided into two 
parts in order to separate the two groups of animals. 

msou.ssioN or be-sults 

The findings are essentially negative in both groups of animals except for 

• tlie blood urea, hemoglobin, and cell volume. The blood urea increase is sig- 
nificant although small. No e.xplaiiation can bo given for tliis change other than 

^ fho effect of anoxemia on hidiioy function. The amount of hemoconcontration 

■ present, as denoted by the values for hemoglobin and cell volume, was too small 
lo account for all this increase in the eoiieentration of blood urea. Tlio ebangos 

' w the hemoglobin and cell volume were about what one would expect from the 
agree of anoxemia present. Tlie value.s for guanidine and blood sugar were not 

• significantly changed by tlie exj)criincnt. It 'wiU be noted that the glucose 

, of tlie blood is abnormally high in the group of animals in part A, Table 

. • This is presiuaahly due to the fact lltat these animals received ether prior 

^ *i^^^nistration of harbitah The lack of further rise of blood sugar in 
‘Experimental animals may be due to the inhibiting effect of barbiturates on 
) release -wliieh would othenvisc be produced by anoxia. The group 

V annuals in part B, Table I received no anesthesia. Here again tlierc is a lack 
1 ° bperglyeemic response to anoxia. It must be pointed out, however, that the 
) ' 00 samples were drawn after four hours or more of anoxia. 

carbon dioxide capacity in the second set of animals is sig- 
more than one would expect from the amount of hyperpnea 

■ fet oxygen and the additional hours of starvation. In the 

of animals the valvics for the carbon dioxide capacity are too erratic 

'obcofanysignifirauce. 

' SUMMARY 

'able conditions described in tliis paper definite increases in the 

■ ‘ ® nnlx ■ '''^™°Slobin, and volume of red blood cells were observed 

/ -xemic dogs. The gtianidino content in the blood, however, was nnebanged. 
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2. Some factor other than anoxemia must be sought as the cause of tte 
hyperguanidinemia found in convulsive states. 
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A COMPARISON OF THE CHLORIDE CONCENTRATIONS IN WHOLE 
BLOOD AND SPINAL FLUID^ 


Rogku S. IIubbaud, Ph.D., and Gilbert M. Beck, M.D. 
Buffalo, N. Y. 


I T IS generally believed that siiinal fluid is formed from the fluids and solutes 
of the blood, and that tlie composition of the former medium reflects more or 
less elasely that of the latter.^ Comparative studies of these fluids have been 
extensively carried out in this countiy by Fremont-Smith and various co-work- 
ers.**® In part as a result of these and similar studies, the thesis has been de- 
veloped that spinal fluid can bo properly regarded as a modified dialysate of 
plasma. As this thesis has been adequately presented and discussed in various 
recent textbooks, a review of the Instory of the i>roblem will not be given here. 

The majority of the papers which have dealt with this subject have had 
for their purpose an examination of the evidence favoring or criticising the thesis 
just stated. This has led previous investigators to carry out their determina- 
tions under certain specified conditions. Since the spinal fluid i.s apparently, 
nt least in p.irt, a dialysate of blood ))lasma,'- precautions have been taken to 
seeiire specimens for analj’sis wliich shall re.scmblc as closely as possible plasma 
os it exists in the body — the so-called “true plasma.” Blood has been collected 
' stasis under oil, and the colls removed from the specimen by contrifug- 
log without contact with air. Tliese precautions are taken to avoid changes in 
the carbon dioxide tension and the migration of chloride ions between tlie colls 
ami plasma, that is, the so-called “chloride shift,” whicli results from changes 
111 tliis tension.” Specimens of blood and fluid have regularly been drawn 
a ter a night’s fast when the effects of the ingestion of food and water are at a 
minimum. 


Since the determination of the chloride content of tlie spinal fluid has been 
eund to he of value in the diagnosis of meningitis, particularly of tubercular 
meningitis,’’ ”■ *= such nn<ilyses arc frequently requested of clinical chemical 
oratories. It seemed desirable to anal.vze blood and spinal fluid taken si- 
nu aneoiisly in order to call the clinician’s attention to the presence of a low- 
■ ore chloride in the blood when such existed. This should decrease any tendency 
. 1° ‘''^*''oh too much specificity to the results of the spinal fluid analyses. It was 
' the ° P'’°‘^®tlure would make it possible to detect the effect upon 

' . ° ymel fluid chloride concentration of factor’s not associated with variations 
! and changes in the protein eoncentr.ation of the spinal fluid-’ * 

j P“*mbly of the replacement of chloride by lactic acid formed during the 
ruction of sug,ir by organisms and enzymes.^ 
eon after this program was instituted it was found that these specimens 
in submitted for analysis frequently were taken from patients not 

’stin state. It was also recognized tliat under tbe conditions cx- 

the clinic, the samples of blood obtained were as a rule not suitable 

General Hospital and the Medical School ot the University of Buffalo, 
ed for Publication. March 11 , 1940. 
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for the preparation of ''true plasma.” The procedure was, thez'ofore, defiiiiit!; 
modified from that followed by Fr.emout-Smith and his co-worhm. S]>cdmtE 
were drawn at any time during the da 3 ^, and the whole hiood was chosen as Iti 
material to be used for the control analj^ses. The method of "Whiteliom'* it?. 
used for the determination of chlorides in both blood and fluid. , 

It was recognized that tliis procedure w'as Jiot as w'ell adapted to tk sSbI. 
of the phj’-siologic problem involved as wms that employed hy the investigaloi 
alreadj" cited. However, it wms felt that oire principal source of error, that da 
to variations in the eoucentration of red blood cells which are relatively kr i 
chloride, conid be controlled by routine blood counts. The other chief sources o 
error, variations in tlie chloride concentration in the red blood cells, and failiii 
of the spinal fluid and blood to reach a condition of approximate eQailih™ 
were necessarily ignored. 

'We were not able to find anj’- data which might serve as a base line tod 
termine the usual ratio between the whole blood and spinal fluid cMovide coi 
eentratioiis. We have, therefore, undertaken to estahlish such a standard 1 
statistical analj'sis of our omi material. Because we feel that other ehnics a 
probably confronted by problems similar to our owm, we are presenting the r 
suits for publication. In order to compare the relationship with that ohta® 
under more nearlj’- ideal conditions, we have analyzed the 331 deterniinatio 
made upon true plasma and spinal fluid, obtained in the postahsorptwe eo 
dition, published b.v Fremonl-Smith and his eo-workers.°’ ® The charaetei 
the clinical material upon which these earlier studies were based seeins o 
been similar to that from the wards and out-patient department of t re 
General Hospital, but the number of normal cases was apparently soim^ 
greater in the series of the plasma determinations. To facilitate 
the two sets of data the results have been expressed according to stan ar 


tical methods. ^ ^ j. 

Table I shows the distribution of the separate values for who e 
spinal fluid of the 225 analyses made at the Buffalo General Hospfla - 
tion of the table shows that there vvas a marked correlation between t ^ 
content of the two fluids in the various specimens. The values o 


spinal fluid chloride . ■ ^ n mi npither ahsohtte!> c 

;■ ^ are given in the table. These weie neiuwi 

whole blood chloride . « -j iim-iJes. Tky* 

stant nor wholly independent of the blood and spinal fluid cn jj^thesp*’ 
parently tended to increase slightly as the concentration of clflon eu 
fluid increased, and to decrease as the concentration in the 
The data on the chloride content of the plasma and the spina p 

the papers of Fremont-Smith and his co-vvorkers are given m 


evident that the range of values is much less than tnat. fijcpb- 

sults. The difference between the ranges of the whole blood an^ 
figures is readily explained, for the composition of the p k 


that shown by om 


suits. The difference between the ranges of the whole 


nearlj' constant than is that of blood, as variations m 
cells, containing relatively small amounts of chloride, do no jjje i 

figure. Two factors appear to have produced the difference ^ 
tribntions of the spinal fluid values in the two series. One o 
was a difference in the method of selection of the eases stn le , 
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Table I 


Whole Blood CiiLorjDn and Spinal Fluid Chloride Values — 223 Determinations 
(BufTalo General Hospital) 


The values of the ratio 


spinal fluid eliloridc^ 


as per cent. 


whole blood chloride 


liave been multiplied by 100 and expressed 
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Table IA 

PtASMA Chloride and Spinal Fluid Chloride Values — 331 Determinations 
(Freraont'Smith and Co-workers) 


« ij Ai . spinal fluid cliloride 

ill© values of the ratio lagraa chloride — multiplied by 100 and expressed 

as per cent. ^ 


SPINAL FLUID 
mq. Nacl/100 
C.C. RANGE 


PLASXtA- 

-MO. Nad PEP. 100 C.C. — RANGE OP VALUES 



31G-3G4 

365-413 

414-462 

403-511 

MHMlll] 




498-546 

0 

0 

2 

0 

1 

0 

0 

3 

114.8 

547-595 

1 

1 

0 

7 


0 

0 

12 

122.7 

596-644 

0 

0 

1 

8 

17 

1 

0 

27 

119.8 

645-693 

0 

0 

1 

C 

34 

33 

1 

75 

123.4 

094-742 

0 

0 

0 

2 

11 

1G3 

21 

197 

122.7 

743-791 

0 

0 

0 

0 

0 

7 

10 

17 

123.3 


1 

1 

4 

23 

60 

204 

32 

331 


Eatio per cent 

171.5 

151.5 

133.5 

126.5 

122.4 

122.2 

122.2 


122.6 


that Fremont-Smith’s studies were made upon specimens obtained in the 
po.stabsoi’ptive state when there is relatively little variation in the composition 
of all body fluids. In our own series the effect of the ingestion of water and of 
salt wa.s unquestionably marked in some instances. Except for the difference in 
e spread” of the figures, Table I A bears a close resemblance to Table I. 
e correlation between the plasma and spinal fluid chloride values is marked, 

and the values of the ratio fluid chloride directly as the 

sniml fl *1 plasma chloride 

‘1 1 fluid values, and inversely as the plasma chloride concentrations. 

The correlation coefficients based upon these analyses are given in Table 11. 
^ oth series the eorrelation between the chloride of the spinal fluid and the 
^ onde^ of the plasma and of the whole blood was positive and marked. The 
ehsm between the spinal fluid and plasma chlorides was closer than was 
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Table II 


Correlation Coefficients 



BLOOD OR PLASJIA 

Nacl and 

SPINAL FLUID Nacl 

BLOOD OR PLASilA 

Nacl and 

RATIO 

SPINAL ILTD 

xvp 

Ril/O 

Premont-Sniitli 

Plasma 

331 determinations 

+0.811 ± 0.013 

-0.467+0.029 

10.091+0.037 

Hubbard and Beck 

IVhole blood 

225 determinations 

+0.706 ± 0.018 

-0.483 + 0.051 

+0.118 iO.C« 


that between the spinal fluid and the whole blood chlorides, as would be expeetd 
from the probable mechanism involved for the spinal fluid is apparently found 
directly from the plasma. The existence of a slight positive correlation betroa 

the values of the ratio spinal _flnjd_chloride M 

whole blood (or plasma) chloride 

chloride suggested in Tables I and lA is confirmed to some extent by the com 
tion coefficients. Analysis of both series of data gave slight positive coefficicnii. 
which were probably, but not certainly, signi^Jcant We believe tbal t 
parallelism results from the relationship between the amount of protein 
of chloride in the spinal fluid discussed pireviously by Merritt and 
Smith,*’ and shown for our oxvn data in Table III. If the protein 
affects directly the spinal fluid chloride, and is itself independent o 
in the chloride of the blood and plasma, values of the ratio should 
of the spinal fluid chloride, i.e., variations in the spinal fluid 
some extent, be independent of variations in the blood chloride 

Table II also shows that a significant negative correlation e.visle 
the x'alues of the ratio and the chloride concentration of the ^ iiy 
plasma. While a slight negative correlation might arise from t e m 
which the ratio is calculated (for increases in the jtj^eras 

’ IVeiie- 
* 


i;3 caiULUatcu. aa* — » 

must liaA'e some tendency to cause decreases of the value of the me 
to ns that the correlation is too close to he explained xvlioHj m t is v 


I IS lOO musv LU IJC ® 

the plasma and the xvliole blood ^ ^ „,ljstanei’ 


lieve that variations in tiie plasma ana me wnme siibstanf^’ 

not cause changes of tlie usual magnitude in the concentration o 
in the spinal fluid. One factor, and obviously an important oi 

cussed by Premont-Smith.® He suggested that it takes a 
time to establish an equilibrium between the chlorides in the i oo 
fluid. This was in accord with previous work, for it had ^ ;gre,ifliei 

that an equilibrium between the glucose concentration in ju 

rather sloxvly.’® He piointed out that the most pronounee n .g'josius 
of the ratio from those expected occurred in patients v ho ^jierapJ’- 

and water by emesis or xvho were receiving either chloiide or iw j.g]ajiemibiP'' 
the same type of patient showed similar ™™^y „gj.|ic(t!yfl®' 


our own series me same i.viie yaui^iL^ ^ . jn<u'(''-“ ■ 

It was noted, too, that in many instances ratios which 
+>io nvevavp. of the sfii'ips wpi'r obtained on individuals aa ioaa 

I iriib’’' 


A’ariations in the ehloiude content of the spinal fluid. ^ miaV' 

Avas not infrequently preceded or folloAved by an entire a 
one or tAvo days. This strongly suggests that some delay m u 


r HUBBARD-BECK : CHLORIDE CONCEKTBATIONS IN BLOOD AND SPINAL FLUID 539 

Table IH 

ConiiEiATioN Coefficients 

_ CoiTPApjsoN OF Spinal Fluid Protein' With Blood and Spinal Fluid Chlorides 
(HaljUarcl and Beck — 58 Doterniinationsi) 


- BLOOD Nad 
AND SPINAL 
FLUID Nad 


SPINAL FLUID 
Nad AND 

RATIO 

SPINAL FLUID 
PROTEIN AND 
BLOOD Narl 

SPINAL FLUID 
PROTEIN AND 

SPINAL FLUID 
Nad 

SPINAL FLUID 
: PROTEIN AND 

1 RATIO 

+0.812 ±0.030 


DiUstB&iiil 

+0.040 ± O.OSO 

1 -0.309 ± O.OSO 

-0.41G + 0.073 


Table IV 

Statistical Constants 


Results of anal 3 ’sc.s made upon ^YIJole blood, plasma, and spinal fluid are expressed as 
ulHgrams of sodium chloride per 100 c.c. 


SOURCE OF LATA AND FACTORS 

IIE.VN 

MG./lOO C.C. 

MEDIAN 
MO./lOO C,C. 

STAND.VRD 
DEVIATION 
MG./lOO C.C. 

COEFFICIENT 

OF VARIATION 
PER CENT 

'reoiont-Smith — 331 specimens 
Plasma NaCl 

Spinal fluid NaCl 
- spinal fluid NaCl 

plasma NaCl 

570.31 1.5 
G98.0 1 1.0 
1.220 ±0.002 

578.G ± 1.9 
713.6 ±2.0 
1.224 + 0.003 

40.80 + 1.07 
43.17+1.13 
0.0G221 0.0010 

7.15 + 0.19 
0.18 + 0.16 
5.08 + 0.13 

lubbard and Beck— 225 speci- 
mens 

Vliolc blood NaCl 

Spinal fluid NaCl 
p.|!- spinal fluid NaCl 
Whole blood NaCl 

433.9 ± 2.2 
GG4.1 ± 3.0 
1.53G + 0.005 

1 

442.1+2.7 
(582.5 + 3.7 
1.525 + 0.008 

48.5S1 1.54 
60.41 + 2.11 
0.1187 + 0.0034 

11.19 + 0,.3G 
10.00 + 0.32 
7.73 + 0.25 

Ipiaal fluia protein— 58 sped- 
mens 

’KTiole blood NaCl 

Spinal fluid NaCl 

Spinal fluid protein 
■Rn.;- fiaiil NaCl 

blood NnCl 

423.G15.0 
042.7 ± 7.4 
0.224 ± 0.021 
1.52210.012 

430.5 ± 0.25 
(549.1 + 9.3 
0.105 ± 0.02C 
1.49810.035 

56.4G13.53 
76.411 4.80 
0.237 + 0.015 , 
0.1372 ±0.0080 1 

13.33 + 0.84 
11.89+0.74 
104.29 + G.53 
9.01 + 0.58 


I'iid affected the results. It is, of coui’sc, not possible to decide whether the oc- 
evuTenee of an unusual relationship between the chlorides in blood and spinal 
ind always result from such a simple cause as this, or wliether more specific 
^tetors must sometimes be considered in explaining the lack of constancy 
of the ratio _ spinal fluid chloride 
T blood (or plasma) chloride ’ 

It has been stated that there is evidence that the protein content of the 
spinal fluid has a direct effect upon the concentration of the chloride. Protein 
^ ^terminations were made by the method of Hubbard and GarhutP® upon 58 
0 the 225 specimens of spinal fluid upon which this study is based. A 
^ atistical analysis of the results is shown in Table III. The correlation co- 
^ cients of the small series do not differ greatly from those of the larger one 
which it forms a part. There was no relationship between the protein in 
® spinal fluid and the concentration of chloride in the blood. There were 
correlations between the spinal fluid protein on the one hand and 

fluid and the values of the ratio chloride 

whole blood chloride 
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on the other hand. Such a relationship would he expected if the spinal iliiil 
protein causes, or is fairly regularly accompanied by, decreases in the spinal 
fluid chloride. Such decreases may result from' a diminution of the usual dii- 
ference between the protein concentotions of plasma and spinal fluid.' 

The usual statistical constants for the figures obtained in our own seria. 
for those calculated from the data of Premont-Smith, and for the 58 cases upon 
which protein analj^'ses were available are given in Table IV. There is need ci 
only brief comment upon this table. The blood and spinal fluid chloride vahts 
showed a high degree of variability and gave distribution curves nvliich departed 
markedlj' from the sjonmetrical form, as shown by the large difference heiveen 
the mean and median values. The ratios calculated from these observed data 
showed relatively little variability, and, while not perfectly sjunmetrical, rveie 
nearly so. As expected, the vmlues of ratios calculated from the data of Fremont- 
Smith, based upon analyses of true plasma, appeared to be more nearly constant 
and to show more sjunmetrical distribution than did those of ours based upon 



Chart 1. 


determinations of the whole blood chloride. The difference 
of values was not as great, however, as we had expected it won • 

Since it is hoped that the results of this study will be lieen 

clinics in which spinal fluid analyses are carried out. Chart ^ ejiloridf 

pared to show the distribution of the values of the ratios 

, spinal fluid chloride ^ , tPie distribution 

and — . The chart shows graphically tne uisu 

plasma chloride _ «ctancv that citnff 

in statistical terms in Table W. These ratios show such ‘ 
may' be useful in checking the probable significance 
The results based upon studies of true plasma were obvious y s 
satisfactory’- than were those based upon analyses of whole b oo 


CONCLUSIONS ^ _ of.vholcblW'’ 

Statistical analysis of a series of simultaneous c-vb'- 


chloride and spinal fluid chloride shows that a 


hirdegreeofcorrelahon. 
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between the two sets of values. AVlulc tlie agreement of the spinal fluid chloride 
with the Avhole blood chloride was not as close as was the agreement of the former 
with plasma concentration, the agreement Avas nevertheless close enough to 
show tliat simultaneous determinations of tlic chloride content of w’hole blood 
can serve as a useful clieck ui)on the significance of spinal fluid analyses. Such 
controls should be especially valuable in clinics Avhcrc the more complicated 
procedures cannot be readily carried out. It could ])c shown that three factors 
influence the value of the ratio between spinal fluid and whole blood chloride: 
(1) the protein content of the spinal fluid; (2) the concentration of cells in the 
blood; (3) the failure of the blood and spinal fluid to reach equilibrium when the 
fluid and salt content of the body Averc rapidly changing. Whether any other 
factor or factors influence the equilibrium, and so specifically affect the con« 
centration of chloride in the spinal fluid, could not be determined. 
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LABORATORY METHODS 


qeneral 


A STANDARDIZED TECHNIQUE FOR SEDIMENTATION BATE* 


J. W. Cutler, M.D., Philadelphia, Pa. 


^ of a universally accepted technique for recording erjThrocyte sedimenta- 
tion rate has been a serious block to a more widespread adoption of tte 
simp e test in general practice. Tlie great majority of techniques described have 

coated the problem, making comparison of results by the various procedures 
difficult. 

^ All techniques described Avere originally developed empirically. In each the 
unit of comparison (usually the total drop at the end of one hour eitprescd 
in millimeters), Avhile it reflects the rapidity of sedimentation in a general wh 
fails to give an accurate idea of the rate of settling. Furthermore, a" 
Hr itiaiy determination at the end of a stated inteiwal, such as one hoiu', also 
reflects anemia because of the packing of the cells in the bottom of the tube 
within the first hour in rapidly settling blood. Efforts to "correct” for 
anemia, as adimcated by some iiwestigators, have failed to yield consisfeal 
sedimentation findings. 

The object of the present paper is to describe a technique that is based 
on principles applicable to all tubes. The method is simple, and requires no 
eoirection for anemia. In a Avay this technique is a modification of the pren 
ous Cutler method, liut the approach and interpretation are totally dift’eren 
To understand it, it is necessary to keep in mind the present concept o * ^ 
factors believed responsible for the rapid settling of the erythrocyte^ 

It is generally accepted that rapid sedimentation is dependent npoa 
formation of large aggregates or rouleaux of red blood cells and that ron eM 
once formed settle at a given rate of speed, more or less in accordance ^ 
Stokes law of hydrodynamics — ^the larger the aggregate the more laP’ 
settling and ruce A'ersa (Pigs. 1 and 2) . It has been established that the 
ment of the red blood cells in rouleaux and the size of the rouleaii.’i are c 
hi ought about almost entirely by the plasma and are specific for that 
and that the size and number of cells in suspension, as in anemia, -jj 
influence on this specificity of the plasma.^ The exact nature of the 
the plasma which bring about the formation of large rouleaux is no 
but it is generally belieA'ed that the hydrophilic substances picscn - 
plasma , i.e., the proteins Avhich vary in type and electrolyte comhiimtio , ^ 

vania,*Phil'admphi?^"*^" Phipps Institute and Graduate Hospital of the Uni'ersitJ 

Presented before the Pathological Society of Philadelphia, Januaiy H, 

Heceived for publication, April 2, 1940. 


542 



CUTtiKR: STANDARDIZED TECHNIQUE POR SEDIMENTATION RATE 




a predominant role, probably tbrougli surface dcbydration or change in tbe 
water balance on tbe surface of the red blood ceils. 



PI?' 1.— Rouleaux formation in slowly settling blood. Tiie rouleaux are small and consist of 
relatively tew cells. 



» slat oj tnanv formation in rapidly settling blood. The rouleaux are large and con- 

'P^ntation 'pmb% j increased mass of the large rouleaux that brings about rapid sedi- 

( "'“Scribed tact underlies the technique for determining sedimentation rate 


three phases OP ERYTHROCYTE SEDIMENTATION 

e are now in a position to study in detail the sedimentation phenomenon 
recorded in the form of graphs. Four distinct typos of graphs, a horizontal 
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line, a diagonal line, a diagonal curve, and a vertical curve (Pig. 3), haveka 
recognized.^ Tlie horizontal line is normal and denotes slow sedimentaik 
The other graphs are abnormal finding,? and indicate various degrees of ii- 
creased sedimentation. The vertical curve (Pig. SD), which indicates tkiBss*, 
rapid form of sedimentation, consists of three phases. The first is a slow plias', 
during which the cells are grouping themselves and forming aggregates. This 
aggregation period usually varies from five to fifteen minutes ; occasionally it is 
as long as thirty minutes. Once formed, the aggregates fall uniformly, more k 
less in accordance with Stokes ’ larv — ^Ihe larger the aggregate the more rapil 
the fall. This is the second or settling phase and gives rise to the sedinieniatioa 
phenomenon. 



,e; 

• L f A horizont^*- 

Piy. 3. — Typical graphs depicting erjmirocyte sedinientotion. ^'^^ jj normal- ifjiij. 
diagonal line ; C, diagonai curve ; D, vertical curve. Only the ..ptiiinB of t'w P , f”-. 

Wlien the retarding influence of packing is absent, the „ ^hpre tl 
once formed, is fairly uniform ; this is best illustrated in graph 
everj"^ five minutes. 


the rate it • 

iiinutos ( 

w (WpJJ 


flv;c 


The heavy part of each graph denotes the index gri 

the hour and is a better guide to sedimentation rate than the semm iJ^dex ij' ^ re* 

at the end of one hour). Thus, graphs C and D have Practicallj tne and 

mm., repectively) hut strikingly different maximum rates m Lc^an(rv'; rai? 

spectiyeiy). Graph C is from a patient in her ninth month of r>reM« sedimentation 
a patient -with fatal carcinoma of the lung. Note that the , ♦i.n# no 


a wiLii laiai carcinoma oi xne lung. anuvw 

five minutes almost invariably occurs during the first thirty mm 
need be taken witli the new technique beyond that time. 


and no 


The aggregates settle at their respective speeds indefinite } , 
tJie lengtli of the tube, until they reach bottom. The set? k- 

pack on top, and the packing stage, or third phase, of -jgcregst'- 

Sedimentation during the packing stage is always slow. ^ 
have settled tightly, sedimentation comes to a standstill. lentati®” 

It is apparent that by the time packing ensues, the se 
nomenon has already taken place and that the packing o t e c ^ ^peupk^ 
only a rough hematocrit finding, recording the space in t e jj pa- 

the cells. The packing stage is the only phase of sedimon a 
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tcrially influenced by the degree of anemia. The fewer tlie cells, the less 
volume they occupy. 

The three phases, aggregation, sediinentntioii, and inicking, are found in all 
'graphs, in the horizontal iiornial as well as in the definitely ahnormal vertical 
curve. The difference is in the time required to coinidete the second stage, or 
• stage of sedimentation which depends upon the mass of the aggregates formed 
•during the first or aggregation phase, which in turn is a function of the plasma. 
.To study the sedimentation phenomenon, one should he concerned principally 
' mth the second phase, or phase of settling. 



racidiw^’ F^' — influence of p.ncking of tlie cells in the bottom of the tube (packing) on the 
mtern^l in tubes 50, 100. 200. and GOO inm. iong, respectively, and 5 mm. 

In the Ksildings everj* five minutes during the first hour (same sample of blood), 

hie red minutes settling is slow in all tubes, for it is during this period that 

tlins: beonmo cells group themselves into roule.aux. Once rouleaux are formed, however, set- 
tube hetTr^r,® Sedimentation reaches maximum 12 mm. in five minutes in the 50 mm. 

twenty fifteen and twenty minutes; 17 mm. in five minutes in the 100 mm. tube between 

in the “on fi^nfite.s ; 45 mm. in five minutes between twenty and twenty-five minutes 

600 mtn ifi tt'"® niinutes between twenty-five and thirty minutes in the 

t>«:onies I^om that point on (indicated by arrows) sedimentation in flve-mmute periods 

Ob\ioush* Ifi each tube because of the retarding influence of packing. 

Vantage factor cannot be eliminated in tubes even 600 mm. long and no ad- 

^^fiy disadvam sained in employing tubes longer than 50 mm. On tlie contrary-, there are 


SEDLAIKNTATION RATE OF ROULILVUX 


object in tlie present technique ivas to determine the rate of sedimenta- 
I'ouloanx during the phase of settling at a time when the rouleaux 
' of settling at a uniform rate of speed, iminflneneed by the period 

; ^egreption of the red blood cells into rouleaux on the one hand, or tbeir 
^ 'iiig in the bottom of the tube on the other. Unfortunately, it is impossible 
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Tloe In Minutes ^ ^ ? 

Fig:. 5. — Tlie length of tube is a decided factor in ®TJie 

this fact indicates the need for the adoption of a standard 50 2 5 n'"’- 

any five minutes in the 50 mm. tube Is 1 mm. ; in the 600 . 1,0 500 mm. 

sample). The maximum rate in five minutes is reached mucli later n 
the shorter 50 mm. tube. 
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a the yiwi 

Fig-. 6. — Bizarre sedimentation rate findings. p^^ifserved. th® ®^?' ?? w^rthf 9^. “ifii 

in nature It i- una*/f,. 


lainy uniform. However, at times oizarre iii;u‘i-s.= nature, ••„ j. unau-' -fi. 

not entirely clear, but they are in all probability mecliMicai m gjjnientation ^ V, 

*1-. — ^ x^s e-.<iir-Mri*PCtinff. luus, it ° ■, vice RV 


JS jauL <rficuci> Cieai'. out uiey art; iii an nt^- 

liowever, that these bizarre records nre ®elf-correcting. Th ^ vice ^ 

in five minutes, the next reading will be unduly fapid (<mr jjgtermining gnil 

This again illustrates the unreliability of a single reading in a|«,y tubes ‘ 

The bizarre findings, while not common, were observed more W Qu^^ j^gyr. 

long than in 50 mm. tubes, and more commonly' during t 
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to eliminate the retarding influence of packing on sedimentation in rapidly 
settling blood in any tube of reasonable length, ivhetbcr it be 50, 100, 200, or 
600 mm. long (Fig. 4). In rapidly settling blood, the slowing effect of packing 
on sedimentation becomes evident well within the first hour, and the sedimenta- 
tion rate is less in every one of the tubes mentioned than it would be normally 
in tubes of indeflnite length. The only difference observed in tubes of 600 
mm. or less in length was in the degree of slowing. It was also discovered that 
even in slowly settling blood, the rate of settling of the rouleaux, although slow 
in all tubes, is faster the longer the tube, and that the length of the tube is an 
important factor in determining sedimentation rate (Pig. 5). For practical 
■ reasons, therefore, it is necessari,’ to determine the maximum sedimentation rate 
that the rouleaux can attain in a unit of time, c.g., five minutes, in a tube of fixed 
length. Such a unit would express the sedimentation velocity of the rouleaux 
at a time when it was least influenced by packing of the cells, and may be re- 
ferred to as the maximum sedimentation rate or 5I.S.R., or simply sedimentation 
rate. Such a detei-mination, for reasons mentioned above, would be independent 
of the anemia factor when present, and would be a true expression of sedi- 
mentation rate in that it denotes distance per unit of time and not distance at 
the end of a specified time as at present. 

In the Cutler tube the maximum .sedimentation rate in any five minutes can 
be determined during the first thirty minutes of settling, and no readings need 
be taken beyond that time, as the following .study shows ; 


Table I 

Analysis of 18 Cases (12.5% Out of a Consecutive Series of 144) tViTii Sedimentation 
E.we Tastep. in a 5-Mikute Interval During the Second 30 
Minutes of Settling (Cuilep. Tude) 


NO. OP CASES 


il. S, R. IN ANt 5-MIN. 
PERIOD DUP.ING FIRST 

30 MIN. (MM.) 

M. S. R, IN ANY 5-MIN. 
PERIOD DURING SECOND 

30 MIN. (MM.) 

difference 

(MM.) 

0.5 

1.0 

0.5 

1.0 

1.5 

0.5 

2.0 

2.5 

0.5 

0.5 

1.5 

1.0 

1.0 

2.0 

1.0 

2.0 

3.0 

1.0 

3.5 

4.5 

1.0 

2.0 

3.5 

1.5 

5.0 

7.0 

2.0 

2.0 

4.5 

2.5 

4.0 

7,0 

3.0 

2.5 

6.0 

3.5 


Onli 


three cases (2 per cent in this series) is the difference of some clinical sig- 


r^tes blood from 144 consecutive patients were studied for their sedimentation 

®pcct‘ \ parts of each, sample into tubes 50, 100, and 200 mm. in length, re- 

^ internal diameter, Headings were made every five minutes for one 

results were recorded on sedimentation charts. (In an additional 93 cases 
presentat**^'^^ were made in 50 and 600 mm. tubes, respectively, but to simplify the 

period d^^^ not discussed in detail.) The maximum settling in any five-minute 

the hour, after correcting for such bizarre findings as depicted in Fig. G, was 
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determined for each sample of blood in each of the tubes studied. The results arc re;.j:Cd 
in Fig. 7. It will be noted that the M. S. E. made its appearance during the first thirlvcit- 
utes of settling in the 60 mm. tube in 126 cases (S7.5 per cent), in the 100 mm. tube h It! 
cases (72.0 per cent), and in the 200 mm. tube in SI cases (5G.0 per cent). In the 6fi0 c:::, 
tube in many instances the M. S. E. did not make its appearance until the second hour d 
settling (Pig. 5). 

Since a variation in the M. S. E. of 0.5 to 1 mm. is within normal limits, 3 a criti'd 
analysis of the 18 cases (12.5 per cent) in the Cutler series (50 mm. tube) with a niasicK 
sedimentation rate in five minutes greater during the second thirty minutes of scttlic; 
(Table I), discloses that in only three eases, the last three in tlie table, was the difference t: 
some clinical significance, but not sufiSciently great to discredit the findings in the first thiri; 
minutes. Thus there is in this series a potential error, of little importance clinically, of sp- 
proximately 2 per cent (3 cases in a consecutive series of 144) by limiting all readings to th 
first half hour when determining the hi. S. E. This is a much lower percentage of error ll'c; 
with tubes of greater length, and is a distinct advantage in using the Cutler tube. 



Time in Minutes niaxin"'"’, 

FIS'. 7. — The maximum sedimentation rate (SLS.B.), each 

in millimeters in any flve minutes, was determined '"dependenti} o 

i”o and 200 mm. tubes, respectively, and the frequency "''"“ade its cour;^:, 

different time intervals is recorded. In the 50 inm. tube 6 ™ and 

first thirty minutes in S7.S per cent of the blood samples in lOO "’™'. of ' 

tive 144)’ On the other hand, wiien the same Woods were smdiea^ cent 

fiihp*? tlie JLS.K. occurred in the first thirty minutes m onl> a 
spectively. For details see text 
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Otlicr studies already complcted“ arc additional proof that the Cutler 
tube of 50 mm. length and 5 mm. internal diameter will give sedimentation 
rate information witli less chance of ciTor and with greater convenience and 
efficiency, because such technical factors as position of tube, have less effect 
than in longer tubes. It would seem justifiable, therefore, to agree on a tube 
of this length in an effort to standardize the technique. 

DET.ULS OP TECHNIQUE 

The essential features of the new technique are as follows : 

Cutler sedimentation tubes of 1 c.c. capacity are used, graduated into 50 
mm. divisions, with 0 at the 1 c.c. level. One-tenth of 1 c.c. of 3.8 per cent 
sodium citrate solution (age does not matter) is aspirated into a 2 c.e. sjTinge 
and blood, obtained by puncture of a suitable vein, drawn to the 1 c.c. mark (for 
convenience, larger quantities of blood and citrate, but in the same proportion, 
may be used). After drawing back the barrel of the syringe about 1 cm., the 
blood and citrate are gently mi.xed by tilting the syringe backward and forward 
several times. The contents arc then emptied into the sedimentation tube up 
to the zero mark, and the tulie is placed in a special rack. The position of the 
sedimenting column of erythrocytes is determined every five minutes for one- 
half hour. The oliservations are recorded on charts that have been designed 
for the purpose on which the horizontal lines represent the divisions on the 
tube and the vertical lines the intervals of time. Graphs are then construoted, 
which not only show the position of the sedimenting column of erythrocytes 
any period of time during the first half hour, but also portray changes in 
velocity that occur during the process of sedimentation. This leaves a perma- 
nent, visual record, easily comprehended and readily compared. The biggest 
''I'op in any five-minute period during the first half hour is the maximum 
sedimentation rate in five minutes (M.S.R.) that the rouleaux will attain in the 
Cutler tube, and becomes the unit of comparison.* 

EVALUATION OF SEDIMENTATION R.VTE 

The evaluation of sedimentation rate presented in this paper, expressed as 
the maximum settling of the rouleaux in five minutes during the first thirty 
annutes (Cutler tube), is based on an analysis of 1,068 consecutive cases. In 
each instance sedimentation readings were made every five minutes for one hour, 
end graphs were constructed. At the same time the maximum sedimentation rate 
in any five-minute period during the first thirty minutes of settling (M.S.R.) was 
teterniined for each graph. The graph and maximum sedimentation rate were 
111® compared and a tabulation was made (Table II). Cases with a maximum 
sedimentation rate of 2 mm. or less were restudied as a separate group, and a 
etailod comparison was made between the maximum sedimentation rate and the 
sedimentation index (Table III). 

It has been generally accepted that in the original Cutler technique a graph 
veprese nted by a horizontal line is a normal sedimentation finding and that all 

where it is desirable to include the sedimentation rate in the 
irnpractlc'ii ^ .^^^firiiinations and heavy laboratory schedules make immediate examination 
of 2fi nJn accurate results will be obtained by distributing tubes containing 0.2 

tamer at the ♦ cent sodium citrate solution and having 2 c.c of blood syringed into this con- 
1 e.c. Cutlen ♦ blood is drawn for other determinations. This amount suffices for use in the 
tour hourq nr if ^ column). The test may be performed at any time w’ithin 

found tima oiiration. The time interval clock for announcing flve-minute intervals will be 
nine-saving and practical. 


550 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


other graphs are pathologic findings of increasing clinical significance, Thusj 
diagonal line with a sedimentation index of 15 mm. or less, although pafiiologh 
is usually associated with disease of slight intensity, as a rule without diniel 
manifestations of toxemia ; a diagonal line with an index of 16 mm. or more mil 
disease of slight to moderate intensity, but accompanied as a rule by consliln- 
tional symptoms of slight degree; a diagonal curve, with disease of moderate in- 
tensity accompanied usuallj" bj' toxemia of moderate degree ; and a vertical nine, 
with disease of marked intensity, associated almost invariably with marked cor. 
stitutional symptoms. In the same technique the sedimentation index represent 
the total sedimentation at the end of one hour expressed in millimeters. A sedi 
mentation index of 8 mm. or less is considered normal ; an index of 9 mm. oi 
more, pathologic. 

With these explanatory remaidrs the following interpretation may be placet 
upon the maximum sedimentation rate in five minutes (M.S.R.). 


Table II 

Evaluation oe Maximum Sedimentation Bate in Terms op Sedimentatiox Gswh 
(Based on 1,068 Consecutive Cases) 

There is a distinct correlation between maximum sedimentation in five j'j 

sedimentation graph. H.L., horizontal line; D.L. — 15, diagonal line, 

15 mm. or less; D.L. — 16, diagonal line, sedimentation index 16 mm. or more; D.Li S 
curve ; V.C., vertical curve ; M. S. K. is expressed in millimeters. 


Sedimentation Graph 
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Normal Sedimentation Rate. — In Table III are analyze 
study xvith a maximum sedimentation rate of 2 mm. or less.^ 3[..S.I1- 


into five groups: (1) those with an M.S.R. of 0.5 mm. or less, 


the fir?'- 


1 mm., hut ivith the 1 mm. rate not repeated more than ,in 

thirty minutes of settling, expressed in the tables as AI.S.K- tbc fir'- 

of 1 mm., but -«’ith the 1 mm. rate repeated three or more mie 
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;f.hirty minutes of settling, expressed in the tables as (4) an M.S.R. 

.of 1.5 mm.; and (5) an M.S.R. of 2 mm. Each maximum sedimentation rate is 
j-.'ompared with the corresponding sedimentation index as defined above, and a 
. :able of parallel values is constructed. 

. . It is apparent from a stud^’ of Table III that only a maximum settling in 
: five minutes of 1 mm. or less, with the maximum rate of 1 mm. in five minutes 
lot repeated more than twice during the first thirty minutes of settling, is nor- 
mal, and that only such values correspond to a sedimentation index of 8 mm. or 
.less in the original Cutler technique. AVhen the maximum sedimentation rate in 
‘.five minutes is 1 mm., but the rate is repeated three or more times during the 
■■ first thirty minutes, tlic rate, as .judged by the sedimentation index, is increased 
‘'and therefore pathologic.*' 

Tabi-e III 

Evaluation of Maximu-m Sedimentation Rate in Terms of Sedimentation Index 
- Only a maximum sedimentation rate in five minutes (M.S.R.) of 1 nim. or less with the 
1 mm. rate not repeated more than twice during the half hour is normal. It would not be 
grossly incorrect, however, in order to simplify matters, to speak of a maximum settling in 
...five minutes of 1 mm. or leas as normal, and anything more ns abnormal. 

Maximum Sedimentation Rate 
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Increased Sedimentation Rate . — TaWe II compares the sedimentation graph 
wi tl]e corresponding maximum sedimentation rate, and permits tlie following 
nation of an increased maximum sedimentation rate : 


(1) A 


maximum sedimentation rate of 1 mm. (repeated three or more 


■mes), but not greater than 2 mm., corresponds to a diagonal line with a sedi- 
mentation index of 15 mm. or less, and represents disease of slight intensity, 
nsua ly without constitutional symptoms. (2) M.S.R. of 2.5 to 4 mm. cor- 
^ diagonal line with an index of 16 or more and represents disease 
■ ignt to moderate intensity, usually associated with some clinical manifesta- 
toxemia. (3) A M.S.R. of 5 to 9 mm. corresponds to a diagonal curve 

times the maximum rate in five minutes repeats during the first thirty 
the more gives additional and detailed information on the rapidity of sedimentation — 

strictly corpoct repeats the more rapid the settling. To simplify matters, aithough not 

■. ami consider a mai * 

n> thing more as abnormal. 
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and represents disease of moderate intensity, usuallj’ associated with moderalc 
constitutional symptoms. (4) A M.S.R. of 10 mm. or more correspoDds to a 
vertical curve and represents disease of marked intensity characterized, as s 
rule, by marked constitutional symptoms. 

This indicates the requirements for precise determination and interpreta- 
tion of the sedimentation rate. The unit maximum sedimentation rate in fire 
minutes (M.S.R.) needs no correction for anemia; it cannot be misunderstooi 
for it is determined objectively. It is important to remember that the sedi- 
mentation rate of the rouleaux is different in tubes of different length. ShoaM 
one desire to use a tube longer than 50 mm. the same principles hold tine, tat 
a different scale must be set up. The different scales, however, hai e a definih 
relationship to each other and can be readily compared. Thus, compared int. 
the 50 mm. tube, the rate is one-third faster in the 100 mm. tube, twice as a 
in the 200 nun. tube, and three to four times faster in the 600 mm. tube, ara i: 
of approximately one-third increase in sedimentation for eieiy 50 mm 
crease in the length of the tube. 


SUMMARY 

A neiv technique, a modification of the Cutler, is presented for , 

erythrocyte sedimentation rate; it is based on the fundamenta ac 
the size of the rouleaux that determines the rate of settling. ^ 
is precise, simple, and time-sa^dng. The results are easy to 
no correction for anemia. The method embodies principles that aie ap 
all tubes. The essential features are as folloivs : ; 

Cutler sedimentation tubes of 1 c.c. caapcity are rise , gra u ^ ^ ^ 
mm. divisions, wdth 0 at the 1 c.c. level. One-tenth cubic of 

cent sodium citrate solution and 0.9 c.c. of blood obtaine } sedimcni 

suitable vein are gently mixed in a 2 c.c. syringe and pouie^ in of the sedimW“' 
tion tube, and the tube is placed in a special rack. Tlie position ],oijr 

ing column of erj-throcjdes is determined every five minutes o^^ 
and is recorded on special charts. The maximum settling m . 
during the half hour is the sedimentation rate and becomes 


parison. _ minutes of 1 

For all practical purposes a maximum settling m ^ e ^^jjologic. 

less is normal. Everything ,else is abnormal and ^ mui. iudh^**^ 

eraUy speaking, maximum rates in five minutes betw een . ^ intensity- 
disease of slight intensity ; rates of 5 to 9 mm. indicate moc 
rates of 10 mm. or more, marked intensity. . practical tube 

Emdence is presented that the 1 c.c. Cutler tu le is results 

sedimentation rate determination, giving reliable an . pf tcohn'?''*' 


sedimeniation rare aeTerminaiJuii, ^.jiVntion 

average conditions. This tube appears suitable for s anc a 

® . x*--. TTn 


of tcohniq''*’- 
.,=0. :o6 


The sedimentation charts may be "nta-ined from Harte^stine^ g’ street, P' 
Wnrristo-svn. Pa.: the tubes, from Arthur H. Thomas oo., 


The seaimentation cnaris max uc U 

Street, Norristown, Pa. ; the tubes, from Arthur H. Tliom 
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RAPID DIAGNOSTIC JIETIIOD FOR TESTING THE VIRULENCE OF 
CORYNEBACTERIA*^ 


Vera B. Doloopol, and Helen Y. IMarkus, ^I.T. 
New York, N. Y. 


A 7IRULENCE tests for the bacilli of the Coryncbacterium group, carried out 
with pure cultures, require at least five to six days. "Wliile woi*]ting with 
.cultures of the Corynebaetcria free from contaminating flora at tlic Laboratories 
.of the Willard Parker Hospital, we succeeded in reducing to four days the time 
required for a report on the presence of toxin-producing diphtheria bacilli in 
swabs from the nose and throat. This was accomplished bj* culturing the ma- 
terial submitted for examination on a tellurite blood agar medium, and by 
using suspensions from pooled picking.s of the Corynebaetcria for virulence 
tests without subculturing them on other media. 

Potassium tellurite, when incoiToratcd in culture media in appropriate 
amounts, inhibits the growth of most pyogenic bacteria, witliout interfering 
n’ith the growth of the bacilli of tlie Coryncbacterium group (potassium tellurite 
media of Clauberg,* Pergola, ^ Anderson and co-workers,^ and Horgan and 
MarshalP). The colonie.s of the Corynebaetcria, grown on these media from a 
material rich in pyogenic flora, reach in eighteen hours a greater size than on 
other media where they grow among numerous colonics of contaminants. Sus- 
pensions made from several colonics picked from tellurite media are hea^';>' 
enough to bo used for virulence tests. The few contaminants that have over- 
come the inhibitory action of the potassium tellurite, usually the staphylococci, 
ore readily identified by the appearance of their colonies and, in doubtful cases, 
by means of smears. 

aiETHOD 

Culture Medium. — Tlie medium used was a slight^v modified one of Horgan 
ond Marshall. The tellurite solution was prepared by autoclaving 1 Gm. of 
potassium tellurite in 100 c.e. of distilled water. Eight cubic centimeters of this 
solution mixed -with 5 c.c. of defibrinated horse blood was kept in the icebox for 
rom one to three days and then added to 100 c.c. of melted 2 per cent agar beef 
cart medium pH 7.4 to 7.6, at 50° to 60° C, The medium ivas distributed in 
c n dishe.s. The plates remain good for about three weeks if kept in the icebox. 

As the solubility of the potassium tellurite varies from one batch to an- 
j and some of it may remain undissolved after autoclaving, the presumably 
per cent .solution from a new supply of the chemical was tested with a loiown 
of the diphtheria liaeillus. If, after the use of 8 c.c. of the solution in 

PfilholoRlc Laboratories of the "Willard Parker Ho.=5pUal, New York, 
civea for publication, December 21, 1939. 
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tlie medium, the colonies of the diphtheria bacillus ivere small in eighteen lionn 
7.5 c.c. 'svas used instead, and the gTOwth then was found to be satisfaetorj-. 

Preparation of the Stispension . — Swabs from the nose and throat to 
streaked on plates of the tellurite medium. The next morning the cuIUtostok 
examined with a hand lens. Smears were made from portions of several colonVi 
of various morphologj'', and stained with the Ponder stain in order to avoii 
inclusion of the staphylococci in the suspension. No attempt was made to 
identify the three types of the diphtheria bacillus or to exclude the diphtheroids. 
However, colonies of various morphology were included in the suspension. Fht 
or more colonies of the Corynehaeteria, picked off the plate, were suspended in 
2 or 3 c.c. of broth which assumed a light gray color. When tested in Hopfe 
tubes, the suspensions proved to contain 0.15 per cent of bacillary bodies. 

Virulence Test.- — Two-tenths cubic centimeter of the suspension was inoui 
lated intraeutaneouslj' in the shaved abdomen of a guinea pig; three to ioiii 
tests were made on one animal. A similar amount was injected intraperitoMa 
into another guinea pig which ivas used for the same number of contro tffi . 
and 500 units of diphtheria antitoxin was given suhcutaneousl.v. The 
pigs were examined in 24, 48, and 72 hours. A black or purple area on t 
of inoculation in the unprotected animal indicated the presence o 
jn’oducing baeillus in the suspension. No discoloration and no inflarania 
the skin was ever observed in the control animals. 

In order to establish whether the results of the rapid 
comparable with those obtained by the usual methods, 55 dup ica 
made with suspensions of the Corynebacterium colonies 
medium and wdth cultures of those bacteria isolated from oi marj 


• A Oncs^fa’' 

Duplicate swabs were obtained from the material to be colonies*”' 

was streaked on the tellurite medium, and the suspension from ^ 
the Corjmebaeteria for the virulence test ivas made the next ^ly. 

in the method ; the final report on the vii’ulence vvas ready jcar. 

A duplicate swab was streaked on a plate of ordinar.v 5 per con 

^ 1 _ rt.'orkiVlllO’ 


In eighteen hours the colonies of the Corymebaeteria, grow nio 
taminants, were small, and those not contiguous with the sn® 

tamiuants could not supply’' enough material for a had t® 

eiently' heavy for the virulence test. Subcultures on Loe 
made from these colonies, and from twenty -four to for y siispcns'O!' 

elapsed before a sufficient growth was secured for the had 1”^” 

The guinea pig was thus inoculated two or three days after le 
received for the examination, and the virulence test vyas comp e 
sixth day', or one or tivo day's later than from tellurite p ntes. juspcr 

In 54 cases the results of the virulence tests with g of 

sions w'cre identical (28 cultures of toxic diphtheria baci ’’ ^ghjicfcria 
toxic bacilli). In one case in w'hich only 3 colonics of tie . the si'T*'”' 
available after eighteen hours ’ incubation on the plate 

showed no toxin production, while the subculture from le 
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- the presenee of toxin-producing Iiacilli. No discrcpanej' was observed wiien five 
or more colonies ivere used for the preparation of tlie suspension. Apparently, 
: if the dipiitheria bacilli arc at all pre.sent in the material inoculated, at least one 

■ colony of toxin-prodneing bacilli i.s likely to be included in a .suspension from 
• five eolonic.s. 

: Th." importance of pooling picked colonics for a single virulence test in 

, order to avoid false negative results is mentioned by Fraser and JlacNab.” 

The incorporation of the potassium tellurite in the culture media docs not 
. .affect the production of the toxin by the diphtheria bacilli, according to Clau- 
.herg,“ Zopoth,' and others. 

No black discoloration of the guinea pig skin by the gray suspension of the 
■ tellurite-grown bacteria was ever observed in the antitoxin-protected animals. 
No discoloration other than toxic could, therefore, be expected in the nonpro- 
tected animals, and no false positive reactions were observed. However, we found 
•it desirable to establi.sh what amounts of the potassium tellurite might cause 
'inflammation, necrosis, or discoloration of the skin. The use of 0.05 and 0.025 

■ c.e. of a 1 per cent solution of potassium tellurite produced blackening of the 
site of intraeutancous injection ; 0.015 c.e. produced a minute black dot, but 

-'smaller amounts left the skin unchanged. The amount of potassium tellurite in 
P 0.2 c.e. of the bacterial suspensions used in the tests would be infinitely smaller 
•i than in 0.015 c.e. of a 1 per cent solution, so that no confusing discoloration of 
the guinea pig skin could be expected. 

, ^ Suspensions of Corynchacteria grown on tellurite media were used ocea- 
sionally for diagnostic virulence tests by other workers. Fraser and MaeNab, 
m a review of the subject of virulence tests, mention in a brief paragraph the 
^ possibility of using these suspensions and indicate the need for pooling the sus- 
pen.sions from several colonics. Pavan,* in a clinical article on the importance 
of virulence tests in palicnt.s and earrici's of “modified diphtheria bacilli” in- 
! dicafes that crude (i.e., whole) cultures from slants of Pergola’s medium have 
. been used for bacterial suspensions. 

While the use of Corynchacteria grown on tellurite media for the virulence 
tests is not new, its application to a four-day diagnostic test seems to be worth 
f mentioning. 


' Four-daj- diagnostic virulence tests have heretofore been performed with 
: suspensions from the original Locffler slant growths (“field cultures”), as reeom- 
mended by Havens and Powell.’ However, the presence of pyogenic con- 
' ’ '■mmant.s in the washings from the crude cultures often produces a marked in- 
ammation and .suppuration at the site of intraeutancous inoculation, making 
bm reading difficult. 


Modified field cultures on Loelller slants, witli a diminished number of 
PJogcnic contaminants, may he obtained by using subenltnres from the rapid 
^'^Uwe swabs of Brahdy, Lenanslcy, Smith, and Gaffney.” Their rise also per- 
‘ s a four-da.v report on the virulence. However, this method requires sub- 
uring after four hours. While veiy useful in an individual case, it is incon- 
'ent if cultures continue to arrive at the laboratory at various hours of tlie 
“>• Besides, some pyogenic bacteria usually get into tlie subculture. 
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The method of using picked colonies of the Corynebacteria from tellurfo 
blood plates for the preparation of the bacterial suspensions, as recommcmM 
here, lias the advantage of rapidity attained by the use of field' cultures, com- 
bined with freedom from pyogenic microorganisms. In addition, tliere is th 
saving of labor and media by abolishing the need for subculture. 


SUMMARY 


A practical four-day diagnostic test for the virulence of bacilli of th 
Corynebacterium group is suggested. 

The bacterial suspensions for guinea pig inoculation are prepared frcm 
colonies of the Corynebacteria cultured from the nose and throat swabs on blocd 
agar potassium tellurite plates. 

No false positive reactions are observed. 

False negative results are avoided by the use of five or more colonies for i.- 
preparation of the bacterial suspensions. 


IVe -n-ish to thank Dr. Ralph S. Muckenfuss. Director of 
the New York City Health Department, for his advice in the preparation of t 
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TECHNIQUE AND COJIPARATIVE VALUES OF CROSS 
ACtCLUTINATION JIETHODS* 


A Study of Centrifuge, Slide, and Hanging-Drop Techniques 


Norman "W. Henry, jM.D., Philadelphia, Pa. 


^HE cross-inatcliing of recipient and donor bloods necessitates the use of 
^ some procedure wliich allows the mixing of cells and plasma (or serum) 
in such a way as to be read by the naked eye or microscope. For a long time 
the procedure in this hospital and in many others, the hanging-drop suspension 
was the method of choice. Of late ^YC have used the thirty-minute open slide 
procedure with entirelj' satisfactory resxdts. 

In their article on “Intra-group Agglutinins in Blood Transfusions,” 
Culbertson and Ratcliff compared the hanging-drop method with the rapid 
centrifuge method of Laudstcincr and found the latter to be distinctly more 
sensitive. On communication with Ratcliff, we have learned that in using the 
hanging-drop method no specific effort was made to agitate the serum-cell 
nuxture because this was technically impractical. We suspected from pre- 
liminary observations that the lianging-drop procedure was less sensitive 
because of the omission from the teclmiquo of some form of agitation. Shaking 
or some form of agitation is an essential part of any agglutination technique, 
the effect being apparently to throw particles or cells together mechanically, 
thus facilitating agglutination. 

In order to prove this suspicion tlie folloAving comparative studies on the 
centrifuge, hanging-drop, and open slide methods were carried out. Erythro- 
cytes (II-A) from freshly drawn or bank blood, containing approximately 
0-4 per cent sodium citrate, were washed three times in normal physiologic 
saline and a 5 per cent saline suspension was prepared. The titer of IV-0 
plasma was then determined by each of the three methods. 

The open slide method consists of thoroughly mixing a drop of cell sus- 
pension with several drops of plasma (or serum) on a ringed glass slide and 
^ oiving this to stand for thirty minutes under a Petri dish. A piece of moist 


filter 


paper is placed under the dish to prevent evaporation. The cells are 


thoroughly agitated by twirling and tilting the slide and the preparation is 
0 served under the microscope. 

The centrifuge method consists of shaking a few drops of plasma with one 
^ mp of washed cells for a minute and then incubating at 37° C. for five min- 
This is followed by centrifuging for three minutes and reading macro- 
The hanging-drop method is similar to the open slide method, 

From the Laboratory of the Episcopal Hospital, Philadelphia, 
celved for publication. Januarj’ 1940. 
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made at atlT ^'"1 «■' '* 

aie raacte at the end of twenty minutes witkonf shaking. 

sen.ed‘in'thf*fnif’' °* *''' ""’*»« '■»'> »P“ melhed 

wkh 1 1 ?>•»»'*'«: Progressive geometric ditaltas of ,1.* 

with sal lie mere prepared (i,p to a dflptiop oi 1:256) i„ 10 mm. te( Up 

A t equal size drop of the rvaslied cell suspension mas placed into all tte taliK 
ops roni eac of these dilutions were placed on open glass slides, and th 
technique as described above followed. The remainder of the mixture in tie 
lest tubes was treated according to the centrifuge technique. Tliis procrdoF 
to have the identical preparation in both set-ups. The i’e.sults in 
a I e s low t lat both methods were equally sensitive. Eeadings are microseopie. 


Table I 


plasma 

dilution 




1 3 

I 4 

1 5 

U.M, 

slide 

C.M. 

SLIDE 

C.M. 

slide 

C.M. 

SWDE 

C.5f. 

j Sim 

2 

4 

8 

16 

32 

64 

128 

2S6 

4 

4 

4 

3 

2 

1 

1 

0 

0 

4 

4 

4 

3 

2 

2 

1 

1 

0 

4 

4 

1 4 

3 

2 

2 

1 

1 

0 

4 

4 

4 

4 

2 

2 

1 

1 

0 

n 

4 

4 

4 

2 

1 

1 

1 

0 

0 

4 

4 

3 

3 

3 

0 

0 

0 

0 

4 

4 

4 

3 

2 

1 

1 

0 

■ 0 

4 

4 

4 

4 

4 1 
' S 

3 

I 

0 

1 


next procedure undertaken ivas to determine the comparative values 
with reference to the hanging-drop method. In all methods the cell plaswa 
mixtures were identical for each dilution. Results are shown in Table If- 
headings are microscopic. 


Table H 


plasma 

dilutions 


expeeiment 

1 


EXPEniME.NT 

r ^ 

C.M. 

SLIDE 

H.D, 

C.M. 

1 SLIDE 

B.II. 

0 

2 

4 

8 

16 

32 

64 

128 

256 

4 

3 

3 

2 

1 

0 

0 

0 

0 

4 

4 

3 

3 

2 

1 

1 

0 

0 

3 

3 

2 

1 

0 

0 

0 

0 

0 

4 

4 

4 

4 

2 

1 

0 

0 

0 


3 

3 

47 

0 

0 

n 

0 

fl 


11 comparing all three methods, one can readily see the close 
of the centrifuge and tlie open slide methods, with some inferiority oi 
haiigmg-drop procedure. In preparing the cell-plasma mixture, the centn^^ 
method and the slide method permit shaking or agitation, a necessary tcQ'”'’ 
foi any antigen antibody reaction. Both centrifuge and .slide melhod.s 
the application of this principle. With the hanging-drop preparation aphaW 
is technically impractical, as it causes the suspension to flow to fha 
glass contact, where observation is difficult. In several instance.s, j, 

was obseri ed on the open slide method before and after agitating, and the 
was seen to rise two or three dilutions as a result of agitation. 
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We conclude, therefore, from our observations, that the centrifuge method 
and the open slide method have approximately the same degree of sensitivity, 
and that both are superior to the hanging-drop method. The centrifuge method 
has the adv,intage of requiring less time (ten minutes, as compared to the open 
slide method, forty minutes). The open slide procedure, hower’er, facilitates 
the study of cold agglutination and pscudoagglutination. 

REFFJtENCE 

Culbertson, C. G., and EatclilT, A. Tlenction Following Intra-Group Blood Ti-.ansfusion, 
Am. J. JI. Sc. 192; 471, 193S. 


AN INEXPENSIVE CONSTANT TEJIPERATUEE PARAFFIN OVEN* 


Roland E. Hiller, Ph.D., and Robert P. Hokehead, jM.D. 
Wake Forest, N. C. 


to the co.st of constant temperature paraffin ovens some difficulty is 
experienced in obtaining a sufficient number for satisfactory operation of 
e ec meal laboratory. Tliis difficulty has been met in oiir school by the con- 
iniction of an inc.xpeiisive hut effioieiit oven. 

iochj^h' of a ivoodeii liox, 28 inclics long, 17 inches deep, and 7 

to a h 'rrl!' permanent pyramidal top tapering gradually 

"■00(1 a°7 inohes (Fig. 1). The oven was eonstnicted from 1 inoli pine 
to ref] \ (I portion was lined with galvanized sheet metal 

juncti ^ protect the wood. One side of the box is hinged at 

openin! iT Pyt'umidal top so that it serves ns a door, forming an 

Th'j ' ° * 8 o\cn which is approximately 26 by 7 inches. 

P'oee of bottom and Avhen in use it is merely placed upon a 

a cont.ain^ f " table. A porcelain tray, 22'/^ by I21/2 inches, serves 

lloovcn iufiltrating work. This tray readily slides in and out of 

simplifies embedding. 

hlfoiiiid, an three 100 w-att bulbs set in sockets at the top of the 

'^'fmostat ^ thermorcgulator of simple construction. The 

diameter *'*1,^ Piece of ordinary glass tubing, 30 cm. long and 5 mm. 
•'PProxittiat'ei**-* m ^ which is hloAvn a hall about 20 mm. in diameter. 

’“K ivilh a ^ 11 tubing Was bent to form a “U” 

"'** filled with*' opening on the other (Fig. 2). The tube 

d*® entira fulu ®’'d then inverted. This procedure was repeated until 

'''“Ps of •"'hout 10 mm. at the open end, was filled. Then several 

into the h ' iTk' added. The chloroform with a small air bubble was 
wa '* *'"’erting the tube. Following this, a sufficient amount 
ih * from the tube to loxver the mercury level to about 

(or College. School o( Xledical Sciences. AVake Forest, 

cation, January 19, 1940, 





Fig:. 1. — Front and side elevations showing’ the construction of the oven and the position of 

bulbs, tliermostat, and relay. 


Fiff. 



2. A diagrammatic representation of the thermostat showing 


details of cons 


truction. 


JIILLER-MOBEHEAD : CONSTANT TEMPERATURE PARAITIN OVEN 


561 


100 mm, from the open end. Chloroform is added because its e.vtreme volatility 
betireen the temperatures of 55° and 65° G. causes a large variation in the 
height of the mercui'y column and therefore greater sensitivity of the instru- 
ment. The tube is then placed in the oven with the long arm e-xtending through 
a small hole in the top and is so ad,iustcd that the hall is at the appro.ximate 
level of the paraffin. 

Two wires were forced through a .small cork and suspended in the tube. 
One of the wires being longer than the other was passed below the surface of 
the mercury, while the other remaincil a few millimeters above the surface. 
These wires were attached to a Duneo relay which in turn regulated the cur- 
rent supplied to the light bulhs in the oven and to a small pilot light placed on 
the top of the oven. By raising or lowering the wire above the surface of the 
mercury, it is pos.sihle to control the temperature within the oven. 


The advantage to this particular type of relay is that it operates on 110 
' 0 1 current, but allows only a reduced current to pass through the thermostat, 
ere y eliminating the necessity of batteries or an additional transformer, 
rt eimore, this relay is desirable because it is so constructed as to eliminate 
e c alter which frequently accomimnics the use of alternating current in 
Mch instruments. 

hash'"* involved in equipping this type of oven in our laboratories 

om i(il5.00 per oven. The cost of construction of the 

toth "’ns .$3.90, while the rcla.v cost $11.00. In addition 

usable construction the size of the oven alloivs a greater amount of 

taerm of file same co.st wliieli generally lack the advan- 

S ■ of automatic temperature control. 

lahoratorif Pathology and histology 

The time r* i l'o*'od to be very satisfactory, 

point of n bring the temperature in tlic oven to that of the melting 

minute.s IV'th ' bulbs, has been found to be about twenty 

ivillmvia; oven closed, the temperature, once obtained, 

^ mam within one degree for an indefinite period. 

of the mercur**>i'' following two months of continnoiis use the surface 
llimiiostat ^ ^ oleaned in order to maintain the sensitivity of the 
small wire easily done with a bit of cotton on the end of a 



ANTIGEN PIPETTE FOR KLINE SYPHILITIC TEST® 


Ed^n S. Powell, Columbia, S. C. 


/\ STRONG and dependable pipette for use in dropping antigen in the IQine 
sjTiliilitic test niaj^ easily be made from a 1 c.c. serologic pipette, 26 gauge 
syringe needle, rubber medicine dropper bulb, and cement ("Dart Household 
and General Purpose Cement” has proved most satisfactoiy to me). 

Select a fairly stout 1 c.c. pipette — cut off a small portion of the tip so that 
it will fit tight in the cup of the needle. Then cut off the top of the pipette at 
the 0.3 c.c. mark. By cutting down the length the pipette is easier to handle. Cut 
off the point of the needle about 1 mm. from the joint at the liottom of the cup 
by notching with a triangular file and breaking it off evenly. 

Place a drop of cement on the tip of the pipette and push the needle on 
gently and firmly. AVith an applicator or match stem concentrate the cement 
evenly around the top of the needle so as to assure permanency and no leakage. 
Allow this to dry thoroughly. Put the rubber bulb on the top of pipette and 
it is ready for use. Should there be a loose fit between the pipette and the bulb, 
wrap vdth a rubber band. 

This pipette delivers approximately 62 drops per 0.5 c.c., which is the size 
drop Kline recommends. Because of its speed it will be found especially usefu 
in running large numbers of tests. 

•From the Hygienic Laboratorj', South Carolina State Board of Health, Columbia. 

Received for publication, January 25. 1940. 


A CONA^ENIENT turntable for STAINING JARS 


A. Byron Leon.ard, Ph.D., and Alice E. Leonard, 3I.A. 
Lawrence, Kan. 


W HEN tissue sections are to be carried through an extensive seims 
reagents, a convenient arrangement of the containers is often i 
The jars containing the reagents are often arranged in a long 
series of shorter ones, but in any case the technician does not find 
within easy reach. However, by placing the staining jars on a tmnfa i e, ^ 
as the simple and inexpensive device described below, all the containers 
series become equally accessible to the operator. ^ 

Fig. 1 represents a sectional view of the device. In this p(er, 

a circular piece of wood. I’/o inches in thickness and 24 ' .gntral 

which comprises the platform of the turntable. In the center o 
side of C a circular depression, 1 inch deep and 6 inches in diaine er, 
to receive A, which is a pinion obtained from the transmi-ssion gcais o 

Received for publication, J.anuary 17. 1940. 
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aulomoWle. The pinion A has a collar on its ventral side which rests within 
the thrust bearing B. The bearing B is held in place by being inset into the 
block D, which in turn may be secured to the top of a table. Since the bearing 
contains a ball race and ball bearings, the iilatform C turns very easily, even 
when hearing a load of Coplin jars. The cost of materials for this very con- 
venient dcrice was slightly more than .$1.00. 




Plattorm 2^ ’' Perspective view of the turntable. Upon the periphery of the 
size of^th from 20 to 22 Coplin staining jars, depending upon 

®akcsaeon unoccupied space in the center of the platform 

vement place to put the tops of the jars when the latter are in use. 


CHEMICAL 


A RAPID METHOD FOR DETERMINING SPECIFIC GRAVITY OF 
BODY FLUIDS BY THE PALLING DROP PRINCIPLE* 


Carroll J. Bellis, jM.D., IMinxeapolis, IMixx. 


C HANGES in the density of whole blood or plasma are important in defining 
and recognizing the onset of shock and in determining the degiee of 
hydremia. The well-kno^m Hammersehlag method and its several modifications 
(Roj'j Van "Walsem, Exton) are time-consuming and elaborate. Gravimetry has 
the same disadvantages. Since the intimduction by Barbour and Hamilton’-' of 
the falling drop method, the determination of blood specific gravity has hecome 
an acceptable routine clinical pi’oeedure. With this teclinique, the hlood or 
plasma specific gravity may be determined in one or two minutes, using only a 
di-op of the sample (0.01 c.c.), within a maximum error of ±0.0001 sp. gr. 
Guthrie'* and Kagan® have employed the falling drop principle with an aecuracj 
far greater than clinical experience necessitates. 

In the surgical wards of the University of Minnesota hospitals we ha\e 
employed the faUing drop method to determine the state of hydration of patients 
and the plasma protein concentration. After jMoore and Van Slyke® had formu- 
lated an expression whereby the protein concentration could be calculated i 
the plasma specific gravity were knomi, Nugent and Towle' discovered tn. 
the albumin-globulin ratio had no effect on specific gi'avity-, since albumin an 
globulin exerted the same effect. Weech, Reeves, and Goettsch*® then piihis iet 
formulas for accurately calculating the serum or plasma protein concentia m 
from the specific gi’avity. Peters and Van Sl.vke® have indicated that o f 
methods for determining serum protein, the specific gi’avity method is sii cic . 
accurate. Spencer,*® after making many comparative determinations, con 
that the falling drop method was more accurate than the weight met 
determining serum protein. Similarly, the later work of Shuman and 
showed that detailed chemical procedures are no more accurate foi , 
work than the falling di’op method. This communication presents a 
of simplifying and accelerating the determination of blood or plasma sj 
gravity with the Barbour and Hamilton technique. 

METHOD 

From the Barbour and Hamilton alignment chart, a logarithmic 
was derived, and from an expre-ssion which designates the points on . 

Table I was obtained. IMueh time is saved by using this table to obtain 
parent density differences. 

'From the Department of Surgerj-, L’niversitv of Minnesota Medical Scliooi- JI 
Received for publication, August S, 1940 . 
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For most samiiles of plasma ive use the 75.3 : 24.7 : : m-xj'lene : bromo- 
benzene mixture which these investigators suggested. For more hydremic or 
hypoproteinemie plasma the 76.9 : 23.1 mixture is used; it has a specific gravity 
of 1.013. If the specific gravity of whole blood is to he determined, the 
72.1 : 27.9 mixture is used ; this mixture has a specific gravity of 1.043. As will 
be recalled, the falling times of exactly 0.01 c.e. of standard solution of potassium 
sulfate and sample through 30 cm. of m-xylene-bromobenzene mixture are dc- 
tei'mined with the stop watcli, and tlie room temperature is noted. Table I gives 
the apparent density difference of each falling drop, the apparent density differ- 
ence of the standard solution being given a - sign, that of the sample a -f sign. 
The algebraic sum of these two (actual density difference) is then algebraically 
added to the specific gu’avity of the standard solution to obtain the specific 
gravity of the sample. Table II (made from the formula of Weecb, 'Reeves, and 
Goettsch) gives the protein concentration of the serum corresponding to tlie 
specific gi'avities. If jilasma is used, reference to tlie same table may be made 
for clinical purposes, since the error thus produced is less than 0.5 Gm. per 
100 c.c. 

Table n 


Sekuji Protein Concentrations Corresponding to Specific Gkavitv 


SP. GR. 

protein 

sp. gr. 

PROTEIN 

SP. GR. 

1H3SS39BI 


3.37 

1.025 

0.16 

1.033 

S.i>i 

I.OIS 

3.72 

1.020 

6.51 

1.034 


1.019 

4.07 

1.027 

6.S5 

1.035 

if.u-i 

1.020 

4.42 

1.028 

7.20 

1.036 


3.021 

4,77 

1.029 

7.55 

1.037 


3.022 

5.11 

1.030 

7.90 

LOSS 


1.023 

5.46 

1.031 

8.25 

1.0S9 


1.024 

5.81 

1.032 

8.59 

1.040 



Example ; 

Temperature 22° C. 

Falling time of serum == 30 sec. 

Apparent density difference +0.009 (Table I). 
Palling time of standard (sp. gr. 1.035) — 20 sec. 

Apparent density' difference -0.015 (Table I). 

0.009 - 0.015 = -0.006 (actual density difference). 
1.035 - 0.006 == 1.029 = sp, gr. of scrum. 

1.029 is equivalent to protein concentration 7.55 per cent 
(Table II). 


C03IJIENT 

To date, the improvement described, namely', the already calculated 
of apparent density' differences, lias made possible the 
or serum specific gravdty in a few moments. The constant checlcs 
of obtaining plasma or serum protein concentration with micro-Kje^ 
ings have been both gratify'iug and reassuring, and it is my feehng 
method of estimating total plasma protein concentration is fulhv 

as the well-lmown Kjeldahl method. arbitra>l' 

The fluid requirement of the surgical patient lias ceased to be an < 
value or a matter of “hit or miss.” Closely coiTelated with the sodium 
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intake and excretion is the -water balance, and an index of this may be obtained 
by plasma density determinations. Thompson, Ravdin, and Frank^^ have sig- 
nificantly commented on the effects of bypopi*otcincmia on wound disruption, 
a relation which may be due to edema or to the general lack of essential elements 
nhieh accompany low protein intake. Preoperative preparation of patients for 
extensive surgical procedures can be assisted by rapid protein determinations 
with this method. During the critical postoperative period similar determina- 
tions will indicate the general state of the patient. 

SUMMARY 

A successful c.xperiencc -with the Barbour and Hamilton falling drop method 
for determination of plasma, serum, or whole blood specific gravity is reported. 
A table is presented for use in the rapid determination of the specific gravity, 
and a second table is given for obtaining the scrum protein concentration when 
the specific gravity is known. The advantages of these are mentioned, and some 
indications for their employment are cited. 
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A SIMPLIFIED SYSTEM OF BUFFERS AND INDICATORS WITn OU 
WITHOUT GLASS ELECTRODES* 


J. F. McClendon, Philadelphia, Pa. 


jnECAUSE a multiplicity of technical methods are demanded in medical 
laboratories, there is a need for saving the time required for mathematical 
calculations. For this reason, I built a potentiometer reading directly in pH.' 
A newer development is the direct reading glass electrode apparatus that elim- 
inates all calculation in determining pH; however, it must he standardized fre- 
quently by a standard buffer because, if the proper buffer is not used, all the 
results will be incorrect. The following method eliminates all complicated 
mathematics and all errors caused by moisture in “dry” chemicals and by 
inaccurate volumetric apparatus used in the preparation of standard buffers. 
Furthermore, vdth a burette of uniform bore, buffers of graded series may be 
prepared for determining pH with indicators. 

With the realization that Sorensen’s values of pH were incorrect, physical 
chemists eliminated this criticism by coining the term “activity.” Now pH 
is redefined as the logarithm of the reciprocal of hydrogen-ion activity. If 
adds 0.04 to Sorensen’s value, the correct result is obtained. 

It has been shown that the ionic strength t of a solution affects the ioniza- 
tion of both indicators and buffers (salt error). But determinations of lomc 
strength may be avoided through the use of buffers and indicators that are 
affected very little bj^ changes in ionic strength. Also calculations maj a 
eliminated by the use of special graph paper.t 

An approximation should be made when these solutions are piepaio • 
Otherwise difficulties may arise if solubilities or safe dilutions are cxcce c . 
However, quantitative accuracy is not necessary except where indicate . ^ 

Indicators will act as buffers if they are at high concentration; bence^i^ 
they are to serve as indicators, they should be in very low concentration. 
cause of the low solubility of some indicators it has been customap to 
their solutions 0.01 to 0.04 per cent. For uniformity of practice it is 
to make the more soluble ones of the same concentration. Since dry m 
may not always wet with water and are more soluble in alcohol and since a 
checks mold growth, it is well to weigh out 0.04 Gm. of the indicatoi, 
c.c. of alcohol to dissolve it (heat may be necessary), and then ac 
of water (some indicators will not completely dissolve until after tlio a 


of water). 


Methyl orange is very little, if at all, affected by ionic strength. 
sorption” spectrum is given in Fig. 1 for both acid and alkaline solution. 
light of wave length 5600 A. U. was used, the “absorption” (logon 


•From the Research Laboratory of Physiology-. Hahnemann Sletlic-al College. 
Aided by a grant from the American philosophical Society. 
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tionic strength = »-!: (sum of concentration of each ion X its yaience sn ' . 
JFor sale at Hahnemann Medical College Book Shop, 235 N. 15th Street. 
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the reciprocal of the transmittance) of the acid (un-ionized*) dye was 0.62, and 
the ahsorption of the alkaline (ionized) dye was 0.05; therefore the relative 
amount of the alkaline (ionized) dye may he determined. At pH 3.6 the ab- 
sorption was 0.335; hence 50 jier cent was ionized (0.62 + 0.05 divided by 2 



'It (lilfcrent Ti^'^ ^ shows on the left the amount of yellow (a) in the dye 
'''Picscntcd l'' ^ from 1.6 to 5.6. (The red component of the dye is 

slio"n in ~ “ on the right.) A similar graph for phenol redt is also 

'~~^i I component is represented by a. 

the "zwitteplon" or amphoteric ion, but this may be considered 

^ corrprff separated at one point attached itself at another. 

to 0.1. phthaleins (KoIthoR*) is related to buffer solutions of ionic 


Ionic 


^strength 

0.05 

0.01 

0.005 

0.0025 


Correction 
- 0.20 
+ 0.11 
+0.13 
+0.15 
+0 16 
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Plienolphtlialein behaves as a dibasic acid and itc rV ■ *• 
appears to l,e a composite of the tivo <^raphs in p!” ? grapl, 

phthalein solution is used in the preparation^of thp /u ' ^ 

but this will not interfere of the buffers, 

than S cirTT,-! ^ ^ indicators at pH values less 

tiT- been prepared for a number of om!: 
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pH ^ 5 6 7 6 9 10 J1 IZ 

Figr. 2.— Percentage at 25“ C. of methyl orange, phenol reO, and phenolphthalein in the acid 
torm (lOOa. left) and alkaline form [100 (l-a), right]. 


STOCK SOLUTIONS 

Normal hydrochloric acid: Place 10 c.c. of concentrated HCl (approxi- 
mately 38 per cent by aveight, 45 per cent by volume, sp. gr. 1.19) in a 100 
volumetric flask and dilute to 100 c.c. Transfer to a 200 c.c. glass-stoppered 
bottle and add 23 c.c. of ivater.f 

Carbon dioxide-free water : Place 700 c.c. of distilled water in a round 
bottom, liter p.yrex flask. Cover with a watch glass and lioil vigorously for 
five minutes. Insert an oversized rubber stopper and cool under tap. AHoff 
to remain stoppered until used. 

Normal sodium hydroxide : Place 75 Gm. of NaOH and 75 c.c. of water 
in a pyrex flask, 200 c.c. or larger. Rotate until dissolved. Transfer the ho* 
solution to a 100 c.c. pyrex flask. Place on the surface of the liquid a lump o 
paraffin, whicli will melt and exclude air. Wrap the flask in a towel to dela.v 
cooling and let it stand until the next day when the carbonate should ha'® 
settled, at least from the top layer. Lift the solidified paraffin and insert the 

found m^e'trtsoclium'^salt of three dissociation constants, but Jvober and Mar-U 

found the trisodium salt to be colorless. Rosenstein» observed two dissociation constants. 

lent and%e™d“baro,^ 4 ^” HCl place the 1:1 acid in a still, distill off three-fourth . 


and Bonner=). 
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mouth end of a 10 c.c. pipette and suck up clear solution until the bulb is filled 
(reversal merely saves time). Run the solution into a 100 c.e. volumetric flask 
and fill to the mark with carbon dio-vide-free water. If the flask will hold 10 
e.e. more, run in 10 c.e. carbon dio.xide-frce water. This may be done with 
the same pipette, preferably without rinsing, by usiiift a rubber tube to pro- 
tect the mouth from sodium hydroxide and then sucking the solution up as 
far as the rubber tube to rinse the stem. Jlix by inversion and rinse the pipette 
by sucking up several times; then transfer 10 c.c. to a small beaker or Erlen- 
meycr flask for titration with hydrochloric acid. Use one drop of phcnol- 
phthalein solution ns indicator, and titrate to the end point, the first pink 
coloration that remains twenty seconds after stirring. Record the titer as 
10+x hydrochlorie acid and add lOx carbon dioxide-free water to the 100 e.e. 
of sodium hydro.xide on transferring to a paraffin-lined bottle. The paraffin 
lining is made by pouring about 20 Gm. of melted paraffin (preferably with 
melting point over 60° G.) into a dry 200 c.c. cylindrical, glass-stoppered 
bottle and rolling it on the table while cooling (having dipped the dry stopper 
in melted paraffin to prevent sticking with sodium hydroxide). 

Normal acetic acid; Mix G c.c. of glacial acetic acid with 100 c.c. of water. 

Normal chloracctic acid; 'Weigh out 95 Gm. of monochlorncctic acid (free 
com acetic acid, dichlor and trichlor), and jilacc it in a 100 c.c. volumetric 
ask, Add water to dissolve the acid, and fill the flask to the mark. 

Normal cacodylic acid ; Weigh out 13.8 Gm. of eacodylic acid, and place 

i 7 ■'■olumctric flask. Add water to dissolve the acid, and fill the 

nask to the mark. 


CONCENTRATED BUFFERS FOR STANDARDIZING GLASS ELECTRODES 

lull ^'** 1 °'*'*^*^*^*° buffer; Using the same pipette so that correction for error 
ston''''V° "'^'tessary, place 25 c.c. of normal acetic acid in a 100 e.e. glass- 
dro''^'/ bottle and 25 c.c. in a small beaker or Erlenmoyer flask, and add one 
ani° b 'cnolplithalein solution. Fill a burette with normal sodium hydroxide 
carefully titrate to the first pink coloration that 
(sodlii*' for twenty seconds. Transfer tliis neutralized solution 

"atcr t bottle, using very small amounts of carbon dioxide-free 

“f this 5n/"n*^ titration vessel. Pour rinse water into the bottle. The pH 
and will ™'^bn'e of acetic acid and its sodium salt will ho 4.74 at 25° C. 
dioxide.ftc™'yt' ™ dilution up to ten times or more with carbon 

sodium oldoraceM buffer ; A 50/50 mixture of cliloraeetic acid and 

bon will be 2.8t 

oacodylatc^^j buffer ; A 50/50 mixture of eacodylic acid and sodium 

bo stopjipj made in a similar manner except that the titration should not 
mivt„ ^ ^“''0 but continned to maximum color. The pH of the 

25° C. 

f" >nfluc),'e'A ®»brtion of borax may have a pH of 9.15 to 9.2, but its 
ionic strength and therefore is changed by dilution. 
® s in the fact that no titration is necessary. The use of carbon 


' ™fiy be made in a similar manner. 
' at 25° C. (Armstrong^ found 2.8.) 


Tlie pH of this solu- 
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dioxide-free water in dissolving it is imperative, and its solution must be pro- 
tected from the carbon dioxide of tlie air. 

PREPARATION OP A GRADED SERIES OF BUFFERS FROM pH 2 TO 8 

The titration graph of one of the acids listed above with sodium hydroside 
using a glass electrode as indicator gave the clue for the preparation of buffers 
of any pH witliin its range. But it is not neees.sary for each investigator to 
make this titration grapli over again. By using the special graph paper (Fig. 
3) the titration graph iiecomes a straiglit line running through the pH value 
of the 50/50 buffer at its midpoint and a point 2 pH units to the left at tk 
lower margin, Tlio unit, denoted by a on tire left margin denotes the fraction 
of the acid neutralized by sodium hydroxide. Because tliis titration graph 
assumes that tlie free acid is imdissoeiated, it cannot be used for any but very 
low ooneentrations of iiydrogen ions, certainly not for pH less than 2. 





Fig-. 3.~Titration graphs at 25- C. of chloracetic. acetic cacodylic, ski’*' 

frtiction neutralizect is represented by a on the left. Hitchcock ^nd on the ' ' 

different values. The bovie evtwe on. the left assumes borax ns comp) eici>* 
half neutralized. 


4 ^ '* 

From Pig. 3 it is seen that cacodylic acid covers the pH ^aicui!'- 

to 8.2. In order to make a buffer of any pH within this range gpj] 

tions it is necessary for the “normality” of the normal sodium gagoclvlb 

the cacodylic acid to be exactly erpial. Tlierefoi’e, pipette 10 c.e. o 
acid into a titrating vessel, add one drop of phenolphthalein secon<!^ I 

with the sodium hydroxide to the maximum color that remains nen , 

after stirring. Read the burette, and if 11 c.c. (for instance) gdd; 

quired, add 10 per cent distilled water to the remainder of the cac ^ .■ 

if 9 c.c. (for instance) have been required, add 1 c.c. of water o 


of sodium hydroxide solution. 


C. of the amino acids of protein hydrolysates. A, aspartic 
Ihe (,■ . The lonization'^ra^i® Slutamic and hydroxyelutamic acids, n, arginine; and 1, 

°o^yl groups of tlie amino groups slope in the oppo.site direction to those of 


^ duffer action of amino acids 

solutions containing protein liydrolytie products 
in mind that they themselves have a powerful buffer action, as 

?*ntaniie^ Q. y chart aspartic acid is marked A; glutamic and hydroxy- 

other • ^Tginine, a; and lysine, ?. The dissociation graphs 

oilditioj^ acids are so close together as to make labeling difficult. On 
combine ^‘^'^posed of partlj' neutralized acid, the acid would 

itscl/^r ' ^mino groups of these amino acids and the base would 
etveen the carboxyl groups of these amino acids and the 
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Fig. 5.- 
on the riglit, 
bottom. 


-Carbonic acid-bicarbonate graph at 3S° C. vjh u 
tile partial pressure of carbon dioxide necessar.v 


On tlie left is marked tlie bicarbonate 
C to produce the pH given at tn 



60 50 

mev-Kg. Pepj 


Fig. S. — Graph of relation at SS' C, betn-een the concentration of „jj. The snj®' „ 

per liter, the pressure of carbon dioxide in tnillimeters of mercury, anci in i The gisf"-,, 
triangle on the right is enlarged on tlie left to emphasize the Physiologic as about 0.- ® 
the right ®fj;Vts at 1 mm. carbon dioxide pressure; the atmospheric pressu pving jj" i; 

Whenever Kinger's fluid, for instance, containing bicarbonate is in coniac jj,g mUe 

the carbon dioxide pressure tends to be higher than atmospheric, ana p 
sufficient for ordinarj- laboratorj- conditions. 
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added buffer acid. It is much simpler to use the buffering power of the amino 
acids themselves, adjusting the pH by additions of sodium hydroxide (or hydro- 
chloric acid) with the aid of an indicator or glass electrode. In this chart the 
amphoteric ions (zwitterions) are represented as undissociated molecules since 
they do not affect the pH although they do affect tlie ionic strengtli. 


BICARBONATE BUFFERS 

Just as borate buffers may change by absorption of carbon dioxide from 
the air, bicarbonate buffers may change by loss of carbon dioxide to the air 
and can be preserved only if they are kept under a fixed partial pressure of 
carbon dioxide. Fig. 5 is a graph at 38“ C. of pH of bicarbonate solutions of 
concentration shown on the left margin; pressure of carbon dioxide is given on 
the right margin. This graph is limited, however, by the fact that there is 
only one pressure of carbon dioxide for each conccnU’ation of bicarbonate. 
To extend the range the triangular form of graph shown in Pig. 6, right, may 
be used with the physiologic range enlarged at the left.* 
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THE MEASUREMEiNT OP THE CHLOROFORM-SOLUBLE EEACTION 
OF BLLIRUBIN IN PERSONS WITH JAUNDICE 
AND ITS SIGNIFICANCE* 


Norman Heilbrun, M.D., and Roger S. Hubbard, Rh.D. 
Buffalo, N. Y. 


TT IS well known that tlie bilii’iibin in serum or plasma of patients with 
A obstructive or hepatogenous jaundice gives a different reaction with diazotizing 
(van den Bergh) reagents from that given by 1)ilirubin in specimens from persons 
with acholuric jaundiced This can be demonstrated by noting the speed mih 
which a color appears after the reagents and serum are mixed. It has been 
postulated that the difference in the reaction is due to two different types oi 
bilirubin, but the underlying chemical or physicochemical causes of the dif- 
ference have not as yet been definitely determined. That both types of pig- 
ment are present in some cases of jaundice has been suggested by someimes- 
tigators.^ In a recent paper rve show'ed that an interjoretation of the' so-called 
biphasic van den Bergh reaction obtained when both pigments are present is 
often very difficult.^ It seemed desirable, therefore, to investigate another 
method of distinguishing between the two forms of bilmibin. 

Many years ago Grunenberg'' observed that the bilirubin was wholly 
soluble in chloroform in persons w'ho gave an indirect, slow vanden peigi 
reaction. Since this report attempts at the separation of two types of hilim® 
in the serum by means of chloroform liave been made by Varela and 
workers,”’ ® and more recentlj’^ by Greene and associates.’^ The formei noi 
studied various tj^pes of jaundice, especially the hepatogenous and the 
structive groups, and commented upon the different amounts of the c ^ ^ 
form-soluble fraction. In their analyses the chloroform-soluble portion 
concentrated by evaporation after extraction, redissolvecl 
diazotized. The residue which contained the water-soluble or 
xoortion rvas also diazotized, and the sum of the two fractions then ga^® 
total amount of bilirubin in the serum. ^ 

In trying to repeat this w'ork according to their technique we -gid 

certain difficulties. The diazotization of the two fractions did not “ 
colors that could be easily compared -with that of the cobalt stan 
same difficulty has been commented upon by many woi’kers w’ho j ],5 

van den Bergh reaction, and various modifications of the test foi 
difficulty have been proposed. We tried several of these hut (Pai 

were not completely satisfactory. Our preliminary experiments s 
slightly acidified solutions of pure bilirubin in chloroform eou c ‘ ji. 
quantitated by comparison wdth the 1 :6,000 water solution o po ‘ 

•From the School of Medicine, University of Buffalo and the Buffalo Gc 
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chromate standard tised by Ernst and Forster.® Since this method did not 
involve diazotization, the difSeulty mentioned was avoided. 

tVlien the yellow chloroform-soluble pigment was concentrated according 
to the technique of Varela and his co-workers, and redissolved in chloroform 
and alcohol to a definite volume, it was found on comparison with the diehro- 
mate standard, both before and after concentration, that there was a loss of 
approximately 50 per cent of the yellow color. Because of this it was decided 
not to concentrate the extract but to use a direct comparison between the 
yellow color given by the ehlorbform-solublc pigment and the dichromate 
standard. The accuracy of this determination was cheeked in two ways : first, 
hy measurement of the color of known amounts of bilirubin dissolved in chloro- 
form as previously mentioned; second, by demonstrating the quantitative re- 
covery of injected bilirubin. For this bilirubin was injected into normal per- 
sons or those with hypochromic anemia. Samples of blood were taken both 
hefore and within three to five minutes after the injection. The quantity of 
bilirubin found in the chloroform extract of the sample after injection com- 
pared closely with the total increase of the bilirubinemia as estimated by the 
<inantitative van den Bergh test. AVhen such samples were tested with the 
lualitative van den Bergh reaction, it was found that the reaction was always 
0 the indirect or delayed type. The results of these experiments have been 


described in 


a previous paper.® 


he study of a group of patients with increased bilirubinemia duo to vari- 
services of the Buffalo General Hospital is pre- 
specimens of sera or plasma were subjected to chloroform 
■S^raction, and the total amount of the chloroform-soluble bilirubin fraction 
as cstunated. The bilirubin in a second portion of the serum or plasma was 
rel*t™'°v ^"“"b'batively by the Thannhauser and Andersen method.® The 
fflhuh * b'sb"'een the quantity of the chloroform-soluble or indirect-reacting 
Ihere ™ amount were charted in an attempt to see whether 

Ihe ob't^'^^ (correlations between the various types of jaundice, and whether 
the latt'^'^f? ^ hepatogenous groups could be separated from one another. 

Th T' 1 ,°™ ** point of view, would be very desirable, 

caa be ein ^^0 estimation of the chloroform-soluble fraction, which 
icllows- 1 ™ presence of a moderate degree of hemolysis, is as 

t c.c of ®c serum or plasma is placed in a centrifuge tube. Three to 

'b** thumb chloroform is then added. The tube is capped with 

'wtrifunesT vigorously for twenty to thirty seconds. It is then 

'(austerred t"*^ tticee minutes. The lower yellow chloroform layer is 

b'PPed pin tt° ^ ^aaduated 15 c.c. centrifuge tube. This is done with a fine- 
"■e tube E t through the upper thick layer down to the bottom of 

aateessive repeated until the chloroform remains colorless. Each 


two 


IS added to the original in the graduated tube. Usually 


ovo or three , 

bb'® or six a ^^^'^^°bions will remove all of the soluble pigment ; occasionally, 

Pow cstim^t ^bie total amount of chloroform-soluble bilirubin 

I'Wsiutr manner: The total quantity of the pooled 

** can b ^ noted. Turbidity is rarely present, hut when 

A ^ ® by placing the tube in a warm water bath for a few 
' ■‘bi small - • • 


portion of this is now removed, and its color is compared 
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with that of the 1 :6,000 potassium dichromate solution in a microeolorinieter 
with cnjis of a capacity of 1 to 2 c.c. The following calculation was clerked 
from our expeinments, and is the same as that which Soffer’“ used in tlie 
hiliriihin excretion test in whicli acetone is employed as the solvent: 

Total amount of CHCLj x standaid ^ q 029 = Jlilligraras of biliniljin 

Reading of unknown pgj. ;^qq ^ ^ 

The patients studied have been arbitrarily divided into the following gi'oups: 
(1) hepatogenous jaundice, which included so-called catarrhal jaundice, acute 
yellow atrophy, portal cirrhosis, toxic hepatitis due to arsphenamine, toxic 
hepatitis accompanying overwhelming- bacterial sepsis; (2) obstructive jaun- 
dice due to common duct stone, carcinoma of the head of the pancreas, ob- 
structive biliary cirrhosis; ( 3 ) mild jaundice accompanying chronic passive 
congestion; ( 4 ) hemolytic jaundice, including congenital acholuric jaundice, 
pernicious anemia and allied states, mild jaundice accompanying malaria! 
therapy for syphilis of the central nervous system ; ( 5 ) two patients who fall 
in the grouii described by Rozendaal, Comfort, and Snell” as functional jaun- 
dice which gives the indirect van den Bergh reaction. Some persons in most 
groups rvere studied by successive determinations throngh the course of t e 
disease. 

Table I 


i 

i 

i 

GHOl'P 

NUMBER OF 
DETERMINATIONS 

average value of 

TOTAL QUANTITV 

OF chloroform- 1 

SOLUBLE BILIRUBIN 
(.MG./lOO C.C.) 

average PERttNi- 
age of chloro- 

form-soeobu: 

pigments to Tiffi 
TOT/VL QU.4NT*r.I- 
Tira VAN RBX 
BEKOH TFST 
(PER 

1 

Hepatogenous 

74 

0l9 

27.9 

II 

Obstructive 

38 

0.68 

ci.o 

III 

Chronic passive 

34 

0.64 



congestion 



T4.0 

IV 

Hemolvtic 

34 

J.07 


V 

Functional 

4 

i.ii 



The average values of the chloroform-soluble portion and t e ^^(1. 

eentage of the total amount of bilirubinemia which it forms pieU'fr 
mated for the various groups and recorded in Table I. In ^d 1 10^^ 
vicinal values for each specimen studied have been charted 
frequencie.s. One chart records the total quantity of Uig fota! 

fraction and the other recoi’cls the percentage which ^* °^*”* jeactiou- 
amount of bilirubin as estimated by the quantitative van en eio 
Each clot represents a single determination. 

COMMENT , 

It will be noted from Talile I that there is little "pPstriic- 

average values for the patients grouped under ‘ Uon and 

tive” jaundice. This is true both for the chloroform-so u ,.«t to seps”k 
the percentage which it forms of the total bilirubin. Any a noS 

these two clinical conditions on the basis of these aveiaj,e v 
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seem to be justified. Furthermore, ni,nny iiersons iti botli groups with a high 
degree of hiliriibinemia had relatively small amounts of chloroform-soluble 
bilirubin when compared with the total amount present. Nevertheless, even 
though this amount was a small proportion of the total, it was considerably 
greater than that found ns a result of normal red blood cell destruction. If one 
considers the usual amount of bilirubin in the blood stream a result of the 
balance between normal red blood cell destruction and the ability of the liver 
to remove it, then the accumulation of it in the blood stream in the absence 
of increased red blood cell destruction should be some indication of the func- 
tional state of the liver. If this is true, then the measurement of the chloro- 
form-soluble or indirect-reacting pigment in cases of .severe jaundice may be 
regarded as an estimation of liver function. In cs.soncc, this would seem to 
be the same measure of function as that utilized in von Borgmann’s'- bilirubin 
excretion test, but this proposed chloroform method can be applied when 
jaundice is present. 
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bilirubin ai tl'G chloroform-soluble bilirubm forms of the total quantity 

»'rgle determination oy the quantitative van Uon Bergli reaction. Each dot lopresents a 


3*5 X'aliics of chloroform-.soluble pigment, ranging from 1.5 

amounted to only 15 to 30 per cent of the total 
*‘”'08 the ” However, this quantity of pigment is three to six 

of t],g iiormally found, and, in our o])inioii, indicates an iini)airment 

the f ^ Pci'^orm its normal oxcretoiy function. Further- 

show that greater iuunl)or.s of the higher values of 
tollable that th‘ ^>t^cur in the hepatogenous group. It would seem rea- 
Pi’c^css inv 1 ' be so because it is in this group that the pathologic 

of excr ^ diffusely, and one should expect that the :^une- 

"ould be bilirubin derived from the hreahdoAvn of red hlood cells 

"here /} ^ 8'''<^‘iter degree in this group than in ohstriietivo jaun- 

^*^'1 that ti,- process does not involve the liver cells directly. tVe 

ThaV/X'fi’'^ 

has lioei present in persons with severe jaundice of this 

upon only recently.*’ That their presence was not 
^\ay i-osjn^ qualitative van den Bergh test was done in the 

^*''*'liod in fi’om the fact that the immediacy of the reaction is so 

' the ^ relatively large amount of direct-reacting pigment, 

progressive reaction of the indirect pigment is obscured.^ 
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In the groups of persons with chronic passive congestion it is seen that the 
greatest portion of the total amount of bilirubin is chloroform soluble. In some 
cases the pigment was wholly of this type, and this was usually so when the 
congestion was at its height. Again it would seem reasonable to consider that 
the function of a markedly congested liver is impaired. It may be argued 
that some of the bilirubinemia resulted from the breakdoivn of infarcts. How- 
ever, in two iiersons with rather high values subsequent autopsy shoired no 
evidence of infarction, either recent or old. This increase of the chlorofomi- 
soluble pigment is also in accord ivith the fact that most of the eases give an 
indirect or biphasic van den Bergh reaction. We studied this latter reaction 
and found it to be the result of the combination of a relatively large amount of 
indirect-reacting iiigment with a small amount of direct-reacting pigment,* 



• 

: • 


Fun 

:tioi 

_J 

< 




» 

tli S 
ll* 

• 

« • « 

HI 

:moL 

• 

/TIC 

0 




IFIi 

11 ... 

« « • 

:hpo 

1 

• 

lie f 

A551V 

z cot 

IGeST 

ion 



14 

* 

•r 

0 • 

065 

* ' 

■RUC 

'ive 





^jlf* 

Ijii* 

•n*. 

t »*. 

HER 

• 

fiJOG 

• 

:nou 

• • 

5 

t 




.5 (.0 f.5 20 25 50 55 4.0 4.5 

MGM. PER too CC. 

Chart 2. — ^Total quantity ot chloroform-soluble bilirubin in each specimen. Each dot rcp 

a single determination. 


Those persons whose jaundice was due to excessive hemolysis wei® ^ 
to have the greater portion of the total amount of bilirubin in the 
soluble form as seen in Table I and Charts 1 and 2. This coincides wi 
frequent observation that they give a delayed or indirect van den \ V ^ 
tion. However, if the concentration of the total pigment is relative y 
prompt color development may be noted upon addition of the 
reagent, but this is always of the slowly progressive type, requhing 


thirty minutes to reach its maximum intensity. _ u ' the 

The cases in the last group of functional disability of the liver 
greatest portion of the pigment to be soluble in chloroform. 
forms with the observed indirect van den Bergh reaction. 


CONCLUSIONS 

1. A convenient and simple method for determining quanti 

solubility of bilirubin in chloroform has been described. jndirect or 

2. This method is applicable to the measuring of the so-ca 

delayed-reacting pigment in persons with jaundice. ^ 

3. It is suggested that a measurement of this portion may ser^ 
of the potential capacity of the IHer w'hen jaundice is presen a 
sive hemolysis is absent. 
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A SIMPLIFIED CONTINUOUS EXTRACTOR FOR ESTROGENS 
AND ANDROGENS* 


Dokald'Wilso^t^ Ph.D., Robert C. Gbauer, M.D., and 
Eleanor Saier, B.S., Pittsburgh, Pa. 

1 ' ^ESS in the extraction of nrinc being tlie first essential for the 

proper assav of ■ • 

"Mch eml i* • given specimen, tve liavc developed a continuous extractor 
^tractor ®^ntplicity with economy without sacrificing efficiency. The 

larged basic principle of that employed by Koch^ in his 

units ^ ^-vlraetor. It consists of an all-glass apparatus made tip of five 

trill, rt . bottom flask with a ^ joint which can be made interchangeable 
"uti flasks of vo ■* ■ 

fur vacuum an Erlenmeyer liter flask of heavy glass suitable 

f'un conneetinf» ordinary Hopkins condenser, a side arm and upright por- 
®'utered glass 1 ^ three mentioned units, and a filter tube containing a 

1 Tbe various measurements of the apparatust are given 

as is f| • can be used singly or in a battery of as many 

■ ^^0 found that a battery of four extractors makes a 

of the Elizabeth Steele Magee Hospital and the Depart- 
I of thp and Metabolism of the 'William H. Singer Memorial Re- 

for DnKi? ,^"^&beny General Hospital, Pittsburgh. 

""R can bo • 11, 1939 

secured from the Scientific Glass Co.. Bloomfield. N. J. 
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practical set-up and that if necessary multiple battei'ies of four each can be 
placed in position, ' each iiattery facing anotlier. To facilitate working with a 
flattery, an extractor I’aek was designed from % ineii gas pipe to which a Yacmini 
line, water line, and overflow line for the ivater were, permanently attached 
Each unit was connected separate^ to its own three lines, and the vaceiim was 
. connected with a common vaeuum pump. An adjustable bar which canheraisel 
or lowered holds the clamp that fastens the round bottom flask seeutely. k 
battery of four extract ors occupies a space 26 inches in width and only 22 ineh® 
in depth, including tlie space occupied by the electric hot plate,® which is long 
enough for four flasks. Figs. 2 and 3 give the details of design and show the 
compactness of the battery. 


CoNTiNiuous Extractor 



Fig. 1. — Details of construction extractor. 

The methods employed in our laboratories are modifications |jgj! 

eepted methods.^- ® The apparatus can be used for the p^evi 

estrogens and androgens. Seven hundred and fifty cubic 
ously hydrolyzed urine are placed in the round bottom flask, an “ j,gi 
of benzene is introduced into the Erlenmeyer flask wditch is ib 

plate. By using a vacuum we rvere able to speed up the vo a i 
■ benzene and thus hasten the extraction. Tlio side arms and t le m ^ 
are arranged so that all of the volatilized and condense j of 

through the urine that is being extracted. The incline on le 
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trap aids siphoning of tlic coiuleiiscd hcnzeiie liiiek into tlic Erlcnmeyer flask and 
a continuous process jiroecods. Tlic sintered glass on the filter tube acts as a 
diffusing mediiiin so that a maximum amount of contact between the benzene and 
urine ensues. 


EXTRACTOR RACK 



Fig. 2. — Details of constiuction of extractor rack. 

passed ih'”' ‘^"Sgasted* that approximately twelve volumes of benzene should 
yield It 1 to-ine to bo extracted in order to secure the maximum 

“t the n •''i observed that for androgenic extraction a shortening 

“hactio™f ^-''traction is productive of a higher yield."’ " In the ease of 
'™Rth of 1 -T dons not appear to be a factor, the preliminary 

'Iclexs wh\l,'° “PPuaring to be the determining point in the yield.’ Never- 
i'*'ha'noxt androgens are being extracted, the ability to com- 

fT>lasiv the working hours is important. Where inflammable 

'"Action t liaing used, the fire hazard is too great to allow an 

Wenc tl'roughout the night. We computed that seven liters of 

c ■ through the urine in eight hours so that ten volumes of 

can lie passed through the hydrolj^zed 
. of tlie time is not a factor in the quantitative yield 

ant factor in producing a liigher androgenic 


>ida. 'definitely an import;] 
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extraclo'^- 



CONCLUSIONS 

"fDI* 

1. A simplified, economical, and efficient continuous extraetoi 

and androgens is described. . batted^® 

2. An extractor rack to permit economy of space in arranging, 

extractors is illustrated, . j 

3. The principle of safety and efficienc.y in extraction is crop 


REFERENCES 

Gallagher, T. F., Koch, P. C., and Dorftnan, E. I.: ^^ocetoe sn 440 , 

tion of Sex Hormones From XJrine, Proc. Soc. ? p G ' The 

Gallagher, T. K, Peterson, J). H., Horfman, K. Men and 

Excretion of Estrogenic and Androgenic Substances dj 
X Clin. Investigation 16: 695, 1937. 
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THE DETERJIIXATIOX OF CALCIL'JI IN URINE' 


A. E. SoBEL, B.S., Ch.E., iI.A., Ph.D., axd B. A. Sodel, B.Ch.E. 
Brooklyn', N. Y. 


'T’lIE cstiniatioii of calcium in (he urine is usually more difficult than the 
estimation of sei-um calcium. Tliis is due to the tendency of urates and 
other organic materials to coprecii)itate with the calcium oxalate precipitate 
and thus interfere in the suhse<iuent oxidimctric titration. By employing the 
direct acidiraetric titration principle,'- ' it was found that excellent results may 
e obtained in urine without resorting to ashing. In this procedure the calcium 
Ota ate is converted to the earhonate or to the oxide by heat, which causes the 
ceomposition of any adsorlted urates or other organic materials. To prove 
■a point, compari.son analyses were performed on urine, both directly and 
"oid solution of the residue obtained Ity dry asliiiig. To 
nl, ‘^"Pfoo'Pitation of magnesium and elindnate any possibility of phos- 
a e precipitation, tlie pll of the solutions was adju.sted to from 3.0 to 3.3 for 
'aluu*^),'°'' calcium oxalate. The results are shown in Table I. Each 
'a e mean of two or more analyses on the same solution. 


Table I 

Values Obtained on Ashed and Unasiied Urine 

_ ^ EXPRE.SSED IN MILLIGRAMS OF CALCIUM PER 100 ilL. OF LT.INE) 


I'N.VSUED 

wF" 

11.70 

4.14 

12.0 

4.02 

4.2G 


ASHED 

9.15 

11.75 

4.12 

12.05 

3.9S 

4.32 


mio 


I'fiiie specimens imthont sediment. Two to 4 ml. of urine are pipetted 


^ ^5 ml 


niigraduated centrifuge tube. One milliliter of saturated 
added. A drop of 0.04 per cent thjmiol blue indicator 
'■ ^ ’ •* the pH adjusted to from 3.0 to 3,3 by the use of 6 normal 

of Research Laboratory and the Division of Biochemistrj' the Jewish 

for publication. 


I Februarj' 1 , 1940. 
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hydrochloric acid and ammonium hydroxide. The solution is allowed to stand 
for three hours. From this point on the method follows exactly that of Sold 
and Sklersky for blood serum. ^ The oxalate is converted to carbonate by 
heating at 475° to 525° C. The carbonate is then dissolved in a hot 10 per cent 
boric acid solution and directly titrated with 0.01 N hydrochloric acid. 

For urine specimens with sediment. In some urines, and in all urines after 
standing, a precipitate appears. This can be cleared up by boiling a repre- 
sentative sample of the urine plus sediment, or the entire specimen if the 
sediment is coarse-grained, preventing a representative sample from being 
taken, with concentrated nitric acid in the proportions of 10 ml. of acid to 
50 ml. of urine. After boiling to one-half the original volume, the digest is 
diluted to knowm volume and a samyole is analyzed as above. 

Preparation of ashed urine specimens. To compare the calcium values 
obtained on ashed urine specimens to that of unashed urine, the following 
technique was employed : twenty-five milliliters of urine are pipetted into a 
platinum dish. The liquid is then evaporated off on a steam bath or in an oven 
at 100° C. overnight. The residue is then ashed in an oven at 500° to 600 G. 
until white. The ash is dissolved in 6 N hydrochloric acid and transferred 
quantitatively to a 25 ml. Amlumetric flask. Two milliliters of this solution aie 
then used for analysis. 

CONCLUSION 

The direct acidimetric titration method for calcium is applicable to mine 
without ashing. This simplifies the methods for determining calcium in mine. 


REFERENCES 

1. Sobel, A. E., aud Sklersky, S.: Direct Acidimetric jMicrotitration Method for Cakinm, 

J. Biol. Chem. 122: 665, 1938. . a T Biol Cliem. 

2. Sobel, A. E., and Sobel, B. A.: Microestimation of Calcium in Serum, J. 

129: 721, 1939. 



THE SHORT PHEXOLSULPIIONEPHTHALEIX TEST OF 
REXAL FUNCTION* 


IIiLTOx PiOTz, JI.D., F.A.C.P., AND ^Iargarkthh Rothenderger, M.D. 
Brooklyn, N. Y. 


With the Technical Assistance or Edgar Fergeson, B.S., 
and Victor Ginsberg. ]kI.T). 


IT MAI be safely stated that at the present lime there is no altogether satis- 
factory test of kidney function. There is reason to believe that moderate 
or even advanced renal lesions may produce no modification in kidney function 
tests and that a kidney Avhieh is normal in every way may on occasion give a 
(leceningly low reading. Evaluation of the patient’s renal status means a 
consideration of his history, physical examination, examination of urine, blood, 
ocular fundi, and other routine examinations as well as the application of 
tertain renal function tests. All the data must be considered and all the 
evidence weighed before any final judgment can be made and. even then, it 
^ust usually be made M'itli caution unless the disease process is advanced, 
on s conclusions, after using several different methods of testing renal func- 
tion on 63 patients, is worth quoting.* “The lack of parallelism between the 
s especially iu the lesser grades of renal damage, was most disappointing, 
-one of them appear to bo capable of enabling the clinician to give a very 
I'lo^d prognosis than is possible from the knowledge of the 

• ^ if any of the tests show marked loss of renal 

^nc ion in the absence of a raised blood urea it would probably be best to 
Pi'ognosis. A re-examination of the patient in three months 
and examination will often furnish very valuable information 

failur^^* I'esarded of the foremost importance. To conclude, the 

agree closely with one another suggests either that they 
completely reliable or that different renal functions are being measured.” 
provide'**^!! *^at no one test of kidney function can 

*^t.s How ^ diagnosis, it seemed desirable to find one of the numerous 

and which could be applied with a minimum of technical equip- 

cor as little consumption of time as possible and would 

® kq o/th'^ fairly closely with more cumbei*some methods. The criteria for 
k‘‘t pop 1 ^ seemed to be met by the fractional phcnolsulphonephthalein 
laires a Chapman, = which can be completed in half an hour, re- 

Pi^>cedurr*if*''^”'' apparatus and reagents and can be used as a simple office 
utilized th Genitourinary surgeons have until very recently 

iiiP-rnists ^ test to a far greater extent than have 

■ _ an it Was they who first called attention to the importance of the 

'■1 Dr. Ho.«pital, Long: Inland College of Medicine Division, the medical seiA’- 

l.-^ Jtudy wa® H. Greene. 

possible by a generou** grant from the Harriet Weinbaum Founda- 

renal disease No. 5 from the Long Island College of Medicine. 

" I^'^Wication. Fobniary 3. 19m. 
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early excretion of the dye." More recently, MacKay and Rytand have viitteu; 
“The phenolsnlplionephthalein test is superior to the blood urea concentration 
as a measure of the amount of functioning renal tissue.”" 

In an effort to repeat and confirm Chapman’s experiments and to estahlish 
a series of satisfactory normals, the following project was carried out on the 
medical wards of Ihe Kings County Hospital. Two hundred and three cases 
were studied in detail, of whieli 109 had obvious kidney damage. The frac- 
tional phenolsulphonephthalein test was correlated with the two-hour phcnol- 
sulphonephthalein, urea clearance, concentration tests, studies of nitrogen re- 
tention in the blood, and clinical data, although not all tests were done in 
every case. A detailed study of the sodium ferrocyanide test, as proposed hy 
Stieglitz, was done simnltaneon.sly and lias already been reported in detail in 
a separate paper.'* 

The technique of the test suggested by Chapman was followed by us with 
occasional modifications to be noted. The patient voids in the morning and 


drinks two glasses of water, noting the time. This may be done before re- 
porting, but it is best to perform the entire test in the laboratory or office. 
One-half hour later 1.0 e.e. (6.0 mg.) of phenolsulphonephthalein solution is 
injected intravenously, and exactly fifteen and thirty' minutes later thepafieni 
voids and the urine is collected. For the purposes of this experiment, one- and 
two-hour specimens were also collected, but this is unnecessary for ronfine 
examinations since no additional information is obtained by prolonging the 
test period. For use in the physician’s office, when saving time is impoi'tnnf, 
the total test period can be shortened from one hour to one-half hour in the 
following manner: "When the patient arrives, give him two or three glasses o 
water to drink at the same time the injection is made and collect only 1 le 
half-hour specimen if the patient cannot urinate at the end of fifteen minnfes. 
The results are somewhat improved if the patient is told to drink a 
water before leavnng home. He should not v'oid before the dye is given. 


have found no significant differences between the tw'o methods. 

Vallery-Radot and his colleagues'* were favorably impressed by 
test and have abandoned longer procedures. In their tests all normal 
excreted 25 per cent or more within fifteen minutes. Readings of 15 
or less indicated some degree of failure of kidney' function in almost a 
They considered readings of about 20 per cent to be equivocal an 
the tests. Part of the purpose of our experiment was to cheek t lese 
and to establish satisfactory noi'mals for phenolsulphonephthalein 
and Avhile we are not as y'et wholly' satisfied about this aspect o 
we feel that our criteria are sufficiently accurate for most elinica pui] 

Normals . — One hundred and twenty-three short » ypnal 

tests Avere performed on 103 adult patients thought to be clinically 
disease or hy'pertension. In fomdeen instances the ^ fhesf- 

excretion after fifteen minutes was less than 25 per cent. In eig 
one or more confirmatory tests (urea clearance, blood urea, ferioeya 
tion) supported the conclusion that there was, temporarily a ea ^ gtienfs 
pairment of renal function. It is possible, of course, that ° ' j patienk* 

will eo on to clinical renal disease and that in any group o 
presumably free of kidney involvement a small percentage u ou 
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changes in renal function tests. Of the remaining six patients, one sliowed a 
normal reading on repetition of the test. In five cases (4.9 per cent), in which 
there ivas no supporting evidence of renal impairment, tlie plienolsulphone- 
phthalein readings were subnormal. The test gave a slightly higher percentage 
of normal figures in normal patients than any of the otlier tests, nrea clearance, 
concentration tests, ferrocyanidc clearance, blood urea, and two-hour phenol- 
siilphonephthalein. In no case where the figure was low did the two-hour 
phenolsiilphonephthalein test reveal normal figures. In two eases the figures 
■were below normal for the quarter-hour excretion but were normal for the 
thirty-minute period. 

Kidney Disease . — There were 21 cases of definite kidney impairment. Tlie 
diagnoses in all eases were either chronic glomerulonephritis or nephrosclerosis. 
No tests were performed on patients witli acute kidney disease. The fifteen- 
minute phenolsulphonephthalein test was 20 or below in nineteen of these, 
la one of the two others the figure was 22 per cent and in the other it was 25 
per cent. In the former case 74 per cent of the dye was excreted in two hours. 
In the latter, the fifteen-minute figure was apparently normal but very little 
more dye was excreted in two hours, the total for that period being 35 per cent. 
The urea clearance was constantly diminished in all cases. 

Hypertension . — There were 26 persons with early to moderate hyperten- 
sion without clinical evidence of cardiac or renal failure. In eight of these 
the fifteen-minute phenolsulphonephthalein test showed diminished excretion. 
In only five was the urea clearance reduced below normal limits. This series 
n, of course, too small to be of much value, but it would seem to indicate that 

's test is a fairly sensitive method of detecting early renal changes in 
hypertension. 


Congestive Heart Failure. — There were 20 patients with congestive heart 
I these, during the stage of congestion there were 

urea which improved as the cardiac function returned to normal. The 
ish 1 ' hire ferrocyanidc excretion were correspondingly dimin- 

ee V • nitrogen levels were not as consistently affected. Urine eon- 

" ml'™' little value during congestive heart failure, 

fuaeti f’^®‘^‘'"hions needed in making or interpreting this kidney' 

altho''"i rf' observed no reactions to the intravenous use of this dye, 

'■i'lUe'^Vl temporarily using a somewhat different tech- 
sonicwh '( some. In the presence of liver damage the excretion is 

l>c inter^ what one would expect, and borderline results should 

Hon conservatively' and repeated. The explanation of this phenome- 

Phthalci ^ liver usually excretes a portion of the 

*his nic"h body through the biliary tract, and when there is failure of 

"itti the t™r™' amounts appear in the urine. AYe have no experience 

"’'‘^‘'’"plicated anemia, but Chapman maintains that there is no 
Cath t*^ fhe latter on phenolsulphonephthalein excretion.' 

Wteen mLute^*'°"^ necessary. If the patient did not void after 

' T'ceimen wa n" W'ater was given and only the thirty-minute 

'•ctization is* with little or no impairment of the test’s value. Cath- 

Uofcaurc hurt"'”'"'’ “"y which is to be used as an office 
, ’ It may he necessary in prostatic enlargement or other conditions 
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in ivliich there may he residual uriue. The pJienoIsiiIphonephthaleialest skr« 
this disability naturally leith any test which depends on the Measurement of 
uiinaiy constituents and is, therefore, necessarily limited in usefulness in cases 
of urinary retention. It should bo noted that Jfacht® maintains that phenol 
sxilphoncphthalein elimination may be delayed after the ingestion of magncsiiini 
sulfate foi’ a period of as long as three to four hours. We hare no experience 
with this, 

Stieglitz'’ cautions that “In rare instances some metabolic quirk causes 
chemical destruction of tlie dye ivithin the body. If the urine, contains no dye 
after injection, this is then no proof of renal failure.” We have had no suck 
experience hut the caution should be home in mind. 


CONCLUSIONS 

The short piienolsulphonephtlialein test lias been a very valuable aid to 
clinical diagnosis in our liands. TJie tivo-honr period lias no advantage over fte 
shorter periods. The positive value of the test is greater tlian its negative value. 
In other words, one is safe in saying that a patient who excretes 25 per cent or 
more phenolsulphonephthalein within fifteen minutes after its administration, or 
move than 35 per cent within thirty minutes, has normal kidney function. On 
the other hand, failure to secrete this amount has less diagnostic value. Border- 
line cases (17 to 24 per cent in fifteen minutes or 25 to 34 per cent in thirty mm-- 
utes) should be evaluated with caution or the test should he repeated. Aithongk 
definitely low reading almost surely means impaired kidney function at the tune 
of the test, low readings should not he allowed to supersede clinical judgment. 


• SUMMARY 

1. The difficulties of measuring renal damage by means of kidney fimd'O” 
tests are described. 

2. The short phenolsulphonephthalein (P.S.P.) ^ 

and is extremely useful. It is simple, requires a minimum of teehnica s'l 
equipment, and may be used as an office procedure. The tivo-hom pieno 
phoncphthalein test has no advantages over the sliorter test. 
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SULPAPYRIDINE, Effect of Sulfanilamide and, on Hemoglobin Metabolism and Hepatic 
ruuction, Watson, C. J., and Spink, W. W. Arcli. Int. Mcil, 65: 8-’o, 1940. 


Sulfanilamide in customary therapeutic doses usually causes acceleration of the nietab- 
oIhui of liemoglobin characterized l)y an increase of urobilinogen in the feces and a varying 
increase in the reticulocyte percentage. The mo'st marked acceleration of hemoglobin 
metabolism is represented by the unusual cases in which outspoken henmUtic anemia occur.^. 
This condition is therefore to be regarded as a nmcli more marked degree of a usual toxic 
effect of the drug. Limited data indicate that sulfapyridinc has the same effect as sulfanila- 
mide on hemoglobin metabolism. 

Tile occurrence of macrocytic or norniocytie, mildly hypochromic anemia after admin- 
istration of sulfanilamide or sulfapyridinc indicates a disturbance in liemoglobin formation 
in addition to increased hemolysis. 

In many persons the administration of sulfnnilnmide in the usual doses is followed by 
Mme evidence of dysfunction of the liver, such as urobilinogcnnria, elevation of the serum 
iirubin, or outspoken jaundice. The last-mentioned condition is in part of the regurgitn- 
lon type, as is evidenced by the frequent occurrence of a direct van den Bergh reaction. 
IX een cases of jaundice following sulfanilamide therapy have been encountoied. But one 
'af lu which jaundice followed use of snlfapyridine. Administration 
3 su apyridine resulted in an elevation of the scrum bilirubin in two cases in which fro- 
eterminations were made before, during, and after administration of the drug. This 
rssult.s in the group treated with sulfanilamide, in which significant 
tooV°^ serum bilirubin was usual. Although the data on sulfapyridinc aic as yet 

hfl definite conclusions, there is reason to believe tliat tlii.^ diug may not 

isturbing to hepatic function as is sulfanilamide. 


ARCIKoma, Cutaneous, Diagnosed Clinically Without an Autopsy. Result of Treatment 
Q a Consecutive Series, Warren, S., Simmons, C. C., and Rea, S. L. J. A. M. A. 
III’. 1619, 1940, 

Wed carcinomas of the skin not verified by biopsy, S4 per cent were fol- 

the were 57 per cent tlirce-ycar cures and 48 per cent five-year cures 

cures treated. If the cases lost and dead of intercurrent disease are counted 

centsfrp * ?, cures W’ould be 84 per cent: if the\' are entirely excluded, the per- 

■oni!,’™”''’ Eocurrences 


followed 


‘ year or more. 


occurred in 13 per cent of cases showing primary healing 


Prim “‘uiv. 

•'fwe I'^aling occurred in 94 per cent of the lesions followed one year or more. 

Pnma V of the deaths from cutaneous carcinoma occurred after primary lieal- 

I’ailures should not bo considered a criterion of cure. 

^^dequate t] ^^^gely to the use of very- light filtered radon applied to the surface in 

Way, or radium used at a distance, as is the more general practice 

® given greater depth do«es and probably have given better results. 

Be 

^ Eh and Malignant Tumors of, Tolsome, C. E. 

in apparently innocuous vulvar tumors arc inade- 
tissue sebaceous cysts, pigmented moles, leiomyofibiomas, vulvar 

^ Inter date ' gland adenomas are some of the benign vulvar tumors which may, 

^ ^’Oman’s life, degenerate to vulvar malignancy. 


J. A. M. A. lU; 1499, 1940. 
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Treatment and rare of the patient presenting lierself with a vulvar cancer are feniiae 
to heeonie more rational in the light of present anatomieopathologic taiowledge of Tiihar 
eancers. Vulval surgery eombined with resection of superficial and deep htgsM tpspi 
nodes, the so-called Basset technique, with modifications as outlined by Taussig, coaifeaes !« 
be the best treatment for carcinoma of the vulva. 

By stressing periodic pelvic examinations, cancer educational programs may jasienslir 
assist in preventing cancer of the vulva. By paying attention to simple lesions and tfe 
benign tumors of the vulva, the physician may prer-ent carcinoma of the vulva. 


COLLOIDAL GOLD, A Method of Preparation, Bartholomew, E, J., and Gent, N. I. 
Australian J. Exper. Biol. & M. Sc. 18: SO, 1940. 


A method is described for the prcpamtion of colloidal gold sols for use in the Lange 
test by the reduction of gold eliloride with .sodium citrate. 

A sol of correct sensitivity can be prepared (a) by using a suitable amount of cltete 
in the preparation, (b) by adding acid to an initially “hard” sol, (c) by adding attali 
to an excessively sensitive sol, (d) by mixing suitable proportions of a “hard” sol and 
an excessively sensitive sol. Afethod (b) is preferred for routine use, and a tecteipf 
for preparation by tbis method is described. 

Not a single failure has been encountered in preparing citrate-reduced eoh, and 
the sols have been found so uniform in behavior that it seems unnecessary to use a “pateht 
fluid for standardization. 


The method follows; 

Into a liter flask put 675 ml. distilled water, close the flask with a ground-in wte 
condenser, and bring the water to the boil over a fairly large flame. Bemove the con eu-W 
and add 7 ml. of 1 per cent gold chloride solution followed by 17.5 ml- of 1 per een 
sodium citrate solution. Replace the condenser and continue the boiling for fifteen minu es 
Remove from the flame and allow to cool. . ^ 

To one 50 nil. portion of the sol add nothing, and to three other 50 ml. portion, s 
0.05 ml., 0,30 ml,, and 0.15 ml., respectively, of N/10 hydrochloric acid- . 
mixture by the conventional technique against a known “paretic” cerehrospina 
against a known “normal” fluid, then allow the mixtures to stand uvemight. j 

mixture which gives the strongest reaction with the paretic fluid, yet does no 
reaction greater than 0033 000000 with the normal fluid, then add the 
quantity of acid to the main bulk of the sol, tlioronghly agitating the mixture 
addition. 


positive result one day earlier 
and Endo's 


A ^ 

TYPHOID, Isolation of Paratyphoid, Dysentery and, Prom Peces and Urine, Bays. 
Brit. M. J., April 13, p. 006, 1940. 

This comparative study indicates that in cases of typhoid fever it is ad^^ jjjper 
use the media of 'Wilson and Blair and of L. Muller; in paratyphoid B, es 
and Buys; and in tlie enteric form of the disease, those of Kauffman fiian 

agar should not be neglected because it may give a 
any of the other media. 

In bacillary dysentery both Leifson's desoxycholate-citrate agar 
should be used. 

SULFAPYEIDINE, Evaluation of the Clinical Toxicity of Sulfanilamide S'® 

H., Thornton, W. B., and Wilson, J. S. J. A. M. A. 114; 1606, 194 . ^ 

The vomiting caused bj- the administration of sulfapyridine appe. 
both local and central origin. Mucilage of tvagacanth and nicotinic aci 
in combating the vomiting and other mild toxic reactions. 

Although methemoglobinemia contributes to cyanosis in a small 
sulfherooglobinemia has not been encountered. 


U- 


of 
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The serious toxic manifestations have been found twice as frequently in the scries 
treated by sulfapyridine os compared with the scries on sulfanilamide. 

Oliguria, hematuria, pain in the costovertebral angle, and anuria are serious and 
fairly common complications of intensive sulfapyridine tlierapj', particularly when the 
concentrations in the blood are high. These sequelae are related to the insolubility of 
acetylsulfapyridine, which precipitates in characteristic crystals in acid and alkaline urines. 
For this reason, the fluid intake should approximate 3,000 c.c. or moro in twenty-four 
hours, and the urine volume in a like period should not be allowed to fall under 1,000 c.c. 

Although leucopenia occurs more frequently in the sulfapyridine series and especially 
when the dosage is hea\y, it is also encountered in both scries and may occur when the 
doses are small or treatment is of short duration. 


Acute hemolytic anemia with icterus was encountered only in the cases in whicli 
sulfanilamide was administered. Both series comprised instances of gradual and suddenly 
(lereloping anemia. 


Three cases of granulocytopenia were encountered in 100 cases in which sulfapyridine 
was pven. All three occurred in cases in which treatment was maintained for longer 
than fifteen days at low’ blood concentrations. 


Patients treated with intensive doses and in whom liigh blood concentrations of 
sulfapyridine were attained showed a very high incidence of serious toxic reactions. 

Drug rashes and fevers are useful signs of toxicity, but serious toxic complications 
uiny occur without these warnings. 

Sulfapj^idino may remain in the liver in small quantities for as long as forty 
ays after chemotherapy has been terminated. No conclusion has been reached as to 
sulfapyridine causes hepatitis. 

Sulfapyridine is essentially more toxic than sulfanilamide. 


QLtreosE TOLERANCE, Reverse or " Paradoxical* ' Blood Sugar Response to Ingested 
ucose, Wheelon, H. Endocrinology 26: 743, 1940. 

clinical findings are presented on 40 patients, each of whom 
flnii « ^ or paradoxical” blood sugar response to the ingestion of glucose, 

“u a sugar-free urine. 

’uiiicativ^ fasting hlood sugar level for this series was 140 mg., or a figure 

twenty r ° hyperglycemia. Blood sugar levels of 70 mg. or less were found 

response P^^tients during the glucose tolerance test. The initial blood sugar 

iMts was^ gl'icosc tolerance tests performed on 7 patients subsequent to the initial 
^^pression^of elevation of 33 nig, above the fasting level, followed by a maximum 

tests devel ^ t fasting reading. Five patients in the series of 7 initial 

^ypoglycemf ^ 1 sugar levels ten times. A like number of patients developed 

however ®*Sht times in the fourteen subsequent aeries of tests. Two patients 
Nbet hypoglycemic levels in each of the two scries, 

the 40 phpical, and 248 chemical, a total of 347 determinations were made 
ll'^isaermanu ^ ^ to those incident to the glucose tolerance tost, urine and 

fioiu igy ^^ruainations. A total of 39, or 40 per cent, of the 99 physical determina- 
rihemieal Ihc limits of normal variation. A total of 107, or 43 per cent, of 
‘‘“octnai outside the range of figures assumed to represent 


i! "''eojae 


aide 


aside from those established by laboratory procedures, 


^ ® ^l^^patients. Diagnoses referable to disturbances of the nervous system 
t^orrolatio patients. 

Average of various findings shows that each of the 40 individuals studied had 

Reverse .oc., *^®viations from normal standard.s, in addition to the primary one, 
It 4 insertion of gteosc. 

'^^fiatioDj and ^ rather large number of physical and cliemical abnormal 

are found associated in various degrees with 


1 atii^ T iuiiier is 

lagnosable clinical states 
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reverse or “paradoxical” blood sugar responses to the ingestion of glucose. It niav 
be concluded also that the medical management of patients showing reverse glucose re- 
sponses, as demonstrated on 7 patients, results in the amelioration of the syniptomatoloji- 
and a return of the glucose response toward the usual normal. 


SODIUM SULFAPITRIDINE, Use of, by Hypodermoclysis, Taplin, G. V., Jacox, E. K, 
and. Howland, J. W. J. A. M. A. 114: 1733, 1940. 

Sodium sulfapyridine has been used by hypodermoclysis in more than 50 cases of 
pneumonia and numerous other conditions for which sulfapyridine was indicated hat in 
which oral administration was difficult or impossible. The drug wa.s given in from 
0.3 to 0.7 per cent solution in physiologic solution of sodium chloride and no local 
reactions were observed in any of the cases. More than 1,100 6m. of the drug have 
been given by this method. 

This route of administration is advocated when the drug is not tolerated by mouth 
or is poorly absorbed from the gastrointestinal tract and when a high sustained concen- 
tration in the blood is imperative. 


SULFANILAMIDE, Absorption of, as an Index of Blood Flow in the Intestine of Man, 
Stead, E. A., and Kunkel, F. Am. J. M. Sc. 199: GSl, 1940. 

The blood flow in the human intestine has been investigated by determining the 
appearance time and the concentration curve in the blood of free sulfanilamide nhen a 
known amount of sulfanilamide in solution i.s introduced directly into the small intcftme 
or colon. 

Under basal conditions a blood level of (> to S mg. per 100 c.c. of free sulfanilamWe 
was obtained in ten to thirteen minutes when 300 c.c. of a 1 per cent solution o fa 
fanilamide were placed in the duodenum. 

Heating the body or inducing collapse in an individual with postural 
did not alter the curve of sulfanilamide in the blood. This is inteipreted as 
that the basal blood flow to the small intestine was low and that the rapid appear* 
of sulfanilamide in the blood was the result of its rapid diffusion. 

Under basal conditions sulfanilamide was absorbed much more slowlj 
large bowel. Mflien 300 c.c. of a 1 per cent solution of sulfanilamide were given 


the blood level rose to betAveen 2.4 and 4 nig. per 100 c.c. 
hours. 


at the end of one and one- 


flie 


Pitressin failed to influence the rate of absorption of sulfanilamide a Pip 

stance was given by duodenal tube. Pitressin caused a delay in absorption 
sulfanilamide was placed in the large bowel. uprit'W 

The rapid absorption of the sulfanilamide in the collapse induced 
position in a person with postural hypotension suggested that even in s 'oe pio 

diffuses so rapidly that it is adequately absorbed once it is present m s jiq^cvco 

small intestine. Dilatation of tlie stomach and closure of the pvloius ni*.» 
prevent the drug from reaching the small intestine. 

SULFATHIAZOLE, Crystalline Concretions in the Eenal Tuhttles Following, PePP®’’- 


and Horack, H. M. Am. J. M. Sc. 199; 674, 1940. 


(lif 


Concretions obstructing the renal tubules and in the pelves am anab'S’f l'*® 

covered at autopsy in a patient following treatment with sulfathiazo c. 
material was composed of a derivative of sulfathiazole. The gross .m ^ pxperimf®*®' 
in the kidneys were identical with those described by others as ppjpitation 

animals. The probable etiologic factors influencing the site o jnfrarenal pve 

sulfapyridine and sulfathiazole crystals are discussed. Becau.se o tlii= 

eipitation of sulfathiazole, it is felt renal complications resulting 
drug may be more serious than those following the use of su apy 



REVIEWS 


Books and Monographs for Boview should bo sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 


Electrocardiography^^ 

'THIS l) 0 ok is intended to serve as an introduction to the study of electrocardiography 
and is designed for the use of tlio general practitioner, the medical student, and others 
who are not primarily cardiologists. The use throughout the book of the standard nomen- 
clature advocated by the American Heart Association is to bo commended. 

The book U an atlas of one hundred electrocardiographs with clinical diagnosis and 
interpretations. There is an interlarding of textual material. Although the authors state 
that the tracings have been carefully standardized, the reviewer would have preferred 
to have the standardizations given with each tracing, instead of being confined to the first. 
It is felt, however, that the aim of the authors is achieved very satisfactorily, and that 
the book may he recommended to the audience for which it was intended. 


Vitamin Et 


I ■ ^ symposium was held on vitamin E in London. Taking part in this 

pro" predominantly Briti*!!!, discussion were many loaders in the field. The 

stitut" fi(iited by A. L. Bachatach and J. C. Drummond. The monograph con- 

6^ a \aluahle summary of our knowledge in a highly important biochemical field, 
prope^f^ naturally into three subdivisions: the chemical structure and 

(vitamin E); the physiologic action of vitamin. E and the conse- 
and \'t ^ deficiency} and the clinical and veterinary* uses of wheat germ oil 

'■ItJimin"^"* ^ preparations. In the eighteen years since the discovery of an antisterility 
tioa to tV formula has been established and it has been synthesized. In addi- 

therapy qi estimation, there are four chemical methods for its analysis. The 

t® be done ^ becoming rationalized. Although mucli work remains 

“■oncise f ^ Tvord has been said on vitamin E, this book brings together in a 

' — — w t e great deal that has already been accomplished. 


J^^.^’°rth^vesto^n Chauncey C. Maher, B S., M.D., Assistant Professor of Medi- 

of the Montgomerj' tVanl Medical Clinics; Attending Internist 

b'osika AT of Medicine at the Cook County Hospital. Chicago, 111 ; and 

ciiir'}’ JiedinM’ oiV i ’ In.structor In Medicine. Northwestern University and the Mont- 
A M'l n ^kcliclne *1? • Attending Physician at Passavant Memorial Hospital, Asso- 

'' "llliam AVood County Hospital. Chicago. III. Cloth, od 3. 334 pages, .$4 00. 

P tVitamm p v'dliams & AVlIkin.s Co.. Baltimore. Md., 1040. 

*.ap>-l) (,j A .'symposium hplH 


mposium held under the auspices of the Food Group (Nutrition 
“**'■ ' ’ ■ ‘ April 22, 1939. at the School of Hygiene and 

England. Cloth. 8S pages. $2.00. Chemical 


TroniZ.,®' tbe Societv held under the 1 

hifil il^'llcinc. KenDM^^tr^‘/^“V on April 

C„„ W.C.I. En, 
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CORRESPONDENCE 


. Wichita, Kansas, 

October 9, 1940. 

The Editor, 

Journal of Laboratory and Clinical Medicine. 

Dear Sir; . • ‘ 

Perhaps some of tlie readers are tired of l)eing unable to think while shaking 
a Kahn rack full of test tubes in their Kahn shaking machine. Perhaps, at the 
same time, thej’’ do not wish to throw away their Kahn racks and purchase the 
new rubber coated ones, which are silent in operation. Here is a viay to silence 
the old racks. 

A bottle of "Rug Sta," which is manufactured by the makers of Old Eng- 
lish Wax, will do the trick. Merely take ah old tooth brush and lay the “Eng 
Sta ” on in a thick smooth coat. It is white when wet and colorless when dry. 
Two coats will usually suffice to make a silent test tube rack out of the noisiest 
of them. 

Jack G. Steele, 

Midwest Laboratory. 


Washington, D. C. 
September 16, 1940. 


The Editor, 

Journal op Laboratory and Clinical Medicine. 

Dear Sir: 

Microfilm copying of the original articles referred to in this Journ'AL a ^ 
published in the periodicals received by the Army Medical Library of ‘ - 
ton is being done by "Medicofilm Service,” a non-profit organization 
in the Army hledical Library. The charge is 30 cents for each complete ar^ 
not exceeding 30 pages in length and 10 cents for each additional 10 
fraction thereof. A circular of information and containing a list o 
than 4,000 periodicals received by the Library rvill be sent upon ieqn« 
Medicofilm Service. 


Orders and remittances should be sent to : ' 

Medicofilm Service, Army^ Medical LibrarjL 
7th St. & Independence Ave., S.W,, 

AVashington, D. 0. 

A. Seidell, 

• Medicofilm Service. 
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PHYTOTOXIC REACTIONS OF SOIIE BLOOD SERA*- 


With BioJtKTRic Analyses 


Damd I. Macht, ir.D,, P.A.C.P., and JIoses B. JIaciit, A.B.t 
Baltbiore,. Md. 


INTRODUCTION 


N twenty years ago, while studying the gencrnl laws underlying 

Me pharmacologic reactions, one of us (D. I. M.) conceived the 

on ‘^“"'PRi'Rtive studies of the effect of various drugs and chemicals 

pliar'"''°i PWtoplasm in oontra.st to living animal test objects. By 
is 11 taught in most of our medical and research institutions, 

Strich"' ^'"'ostigation of the effects of drugs and poisons on living animals. 
Physiolo *** ^oopharmacology. However, just as the domain of 

ot an’ subdivided into soophysiology, i.e., study of physiologic functions 

hincti™" P^'ytophysiology, or plant physiology, or study of physiologic 
toonli**''^ P^^nts, so ean the science of pharmacology be subdivided into 
raKonro''''v°^^' Plenf pharmacology, or study of the effects of drugs and 
(D j "™" plants. Initial studies of this type, carried out by one of us 
a new a ’ interesting findings that as a result there was developed 

- aa’.”' science, to which was given the name of “p/ii/topharmacol- 

I’l'atmacolo™™'*'^*^ made in the evolution of this branch of 

shall V”' * direct bearing on clinical medicine and in the present paper 

The eff explain some of these developments. 

'lays. Tl drugs and poisons on plant tissues may be studied in various 

Acmieals Plant physiologist entering this field may study the effects of 
a Sermination- of seeds, on growth of roots and stems, on flowering 

ttm^re. ^**J*n*iacological Research L.aboratory. H^Tison, "Westcott, and Dunning', Inc,, 
for rh.D. jn Psycholoffj', Johns Hopkins University. 


597 


598 


THE JOURNAL OR LABORATORY AND CLINICAL MEDICINE 


and flowex’s ; the effects of various chemicals on geotropic and heliotropic prop- 
erties of plants, oil processes of respii'ation and transpiration, on growth of 
yeasts and fungi, on behavior of ehloroblasts, on protoplasmic streaming, photo- 
synthesis, oxidation and I’eduction phenomena, etc. For practical pharmacolosie 
pui’poses it was found that quantitative phytopliarmacologic studies could he 
most conveniently made by measuring the growth of roots and sometiiiies of 
stems of certain seedlings reared in artificial pilant physiologic nutrient media. 
Growth of such seedlings in diffei-ent plant physiologic solutions containing 
a definite proportion of the salts necessary for normal growth and of other 
seedlings of the same type reax’ed in similar solutions to which small arooiints 
of unknown drugs had been added, could then be quantitatively compared. 
For such studies various plant physiologists have found the seed.s of the 
Lupinus alhus very useful, and we and our collaborators have employed them 
extensively in our phytopharniaeologie researches. 


STUDIES ON COCAINE 

The earliest phytophamnaeologic studies, cairied out by Macht and Livhig- 
stoii,^' ® dealt with the pharmaeodjTtamie effects of the alkaloid cocaine and its 
products of hydrol 3 ’'Sis on growth of Lupinus alhus seedlings under standard 
ecologic conditions. It is ivell known that the cocaine molecule can be easily sjdit 
bj' h^'drolj'sis into three components, one a complicated nitrogenons base hnow 
as ecgonin, another, a molecule of a simple aromatic benzoic acid, and the third, 
a molecule of meth.vl aleoJioI ; and that cocaine itself, or in the form of its.simpk 
salts, is a powex’ful poison for animals and animal tissues. Ecgonin is not <is 
toxic for animals as cocaine itself; small doses of methyl alcohol are 
not toxic for most lower animals; and benzoic acid as such, or in tlie form o i 
sodium salt, is practically nonpoisonoiis. A study of cocaine and its pro 
on living seedlings of Lupinus alhus by methods described elsewhere 
discussed at length in the present paper, revealed that cocaine itself is no 
tremety poisonous for plant test ob.ieets. On the other hand, sodhim 
■which is practically' nonpoisonoiis for animal tissues, was veiy toxic oi 
plant protoplasm. A 2 per cent concentration of cocaine Iiydroeh oii 
plant phj'siologie solutions was required to inhibit growth of 
seedlings completely, while a 0.007 per cent solution of sodium 
plished the same result. It thus became apparent that while ijs 

more poisonous for lirnng animal tissue than for plant Jpj. ]ivin2 


components, sodium benzoate, was far more toxic for plant tissue 


of some to.xic 


siih- 


animals. This cui'ious observation suggested that the presence detected 

stances, in quantities not pronounced enough to affect animals, feasi- 

of living plants. Accordingly, one of ns (k>. I- 


:,v of certain Woods w 


bj'- means 

b'ility of employing plants to determine the toxicity p,od. 

not be demonstrated h.v any^ other biological or pliymicoehemie ^ 
inquiry has been attended by' more success than Avas ever anticipa 

STUDIES ON MENOTOXIN ^ 

The first phytopliarmacologic studies undertaken a„iong al^ 

gested by certain historical considerations. The belief is p P ‘ 
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Tacts, attdtut, medieval, and modern, tlint a vvoman at time of her menstrua- 
tion is “uncieim,” using the word in a ti'ansitive sense as contaminating. Such 
a person was supposed to defile everj-thing Avith Avhich she came in contact. 
Thus, tor instance, flowers touched hj’ a incn.struating woman withered; fruit 
that she canned hecame .sjioiied; dough that she kneaded failed to rise; and 
wine that she expressed from grapc.s soured. No careful inve.stigatiDn was 
made of the subject until 1920, when I'rofcssor Shick ohserved that heanti- 
ful, fre.shly cut flowens handled hy a menstruating woman assistant commenced 
to fade soon after .she had touched them. Keporting this circumstance and the 
similar resiilf.s he had obtained in experiments with (lowers in the hands of 
other menstruating women, I>r. Shick expressed the hope that some one would 
undertake to study the .sulijcct in a tlioroughly seienfifle quantHative manner. 
Such a scientific inrc.stigation was carried on hy Macht and Luhin,‘ who 
demonstrated quantitatively that small amounts of menstrual hlood sera, as 
compared irith normal sera of the same iiulividtmls, inhibited the growth of 
Lvpms albus seedlings, jrorcover, the prc.senec of this toxic suhstanec, named 
racuQtoxiti” (hy D. I, H,), was demonstrated hy similar phytopharmacologic 
methods in the .saliva, milk, urine, tears, and parlienlnrly the sweat, of men- 
struating Women. Thc.se stndie.s, pnhlished seventeen .rears ago, were later 
supplemented hy those of Ifacht and Davis, ° svlio showed that chemically meno- 
tosin Is prohahly akin to oxyeholeslerin. Their findings, svhich other inve.sti- 
eators confirmed hy different means, are now of sjieeial interest in connection 
"ufh phytopharmacologic studies on the nature of the sex hormonc.s, also found 
tu be closely related in eiiemical structure to cholesterol. Most important oE 
a , oaever, the first studies on mcnotoxin, instigated hy the interest in 
leal history (D. I. Jf.), ]ed to discovery of toxic reactions in the hlood of 
pa lenfs .sulfering from various patiiologic conditions. In the present paper 
e purpose to recapitulate the re.sults already obtained in studies made on 
ms (j pds yf blood sera and to describe the research sve are now conducting 
a phy totoxie reactions sve discovered in bloods from other diseases. 


TOXIC Sera 

part of method will he dcscrihcd in detail in the second 

uHkj .scedr consists of studying the root grosvth of Lnpimis 

.simila normal plant physiofogic solutions and comparing it with that 

^afiailero same kind of solution, to ivhich had been added 

n»t growth hlood sera or plasma to be e.xamincd. The average 

'aailiiionv ot albiis seedlings in twenty-four lionrs under standard 

fbemica* ^*”*'*' ® solution eontaining an unknown serum 

'>5' tiic average increment of control roots is Icnown as the 
in n or index of rjronitJi, ivhich may he e.xprcssed by the formula, 


!'%aiolo.>ie\^]'‘' index of root groivth of Lupimis (itttns seedlings in plant 
•oiitioiK containing small amounts of hlood sera from hundreds of 
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normal individuals was found to be 70 to 75 per cent. Blood sera obtained from 
a number of women at onset of catamenia yielded an average pliytotoxic index 
of 51 per cent. One of the most remarkable findings made in early phxiopbarroa- 
eologie studies was that obtained during investigation of sera from persons mtii 
various anemias. Blood sera of patients with peimieioirs anemia, male sad 
female, definitely inhibited groudh of Lupinus (iTbiis seedlings.®-' Speeimem 
from the finst 50 patients examined yielded an average index of 4f per cent, 
a reading considerably loxver tlian that given by menstrual blood. Sucli a 
phytotoxic effect was exerted not only by the blood but also by the spinal fluid* 
and stomach xvasbings” from persons with pernicious anemia. Ser,a of certain 
other diseases, listed in Table I, also exlubited a characteristic pbytotoxicify. 


Taboe I 


Toxic Seha 


KIXD OP BLOOD SEP.USr 

AVERAGE XU.MBER 

OP cases 

pntTOTOXIC JATE-X 

(9&) 

IComal human 

500 

75 

Menstrual 

50 

53 

Pernicious anemia 

50 

■it 

Aplastic anemia 

to 

d 6 

Pemphigus 

200 

59 

Leprosy 

22 

4i 

Trachoma 

too 

4B 

Hodgkin's disease 

to 

GO 


Table II 


Other Axemias 



PIIYTOTOXIC INDEX 

KIND OF BLOOD SEROM 


Severe secondary anemia 

Go to 09 

Carcinoma 

70 

Pellagra 

HemolA'tic jaundice ' 

Obstructive jaundice 1 

Malaria 

Mononucleosis 

Banti’s disease 

70 

74 

71 

70 

80 

75 

1 OS 

1 78 

i 00 ^ 

LjTuphatic leucemia 

Myelogenous leucemia 

Sprue 


Sera from patients with aplastic anemia gave an index of 50 pei cent, ^ 
obtained from persons xvith ]epz' 0 .sj% a reading of 47 per cent; from ja 
per cent; from Hodgkin’s disease, 60 per cent. Most important 
sera from the baffling skin disease, pemphigus, yielded an 
index of 59 per cent. These phytotoxic reactions assume a profotm 
xrhen considered with the findings obtained in studies of sera from £> 
of anemia and dermatoses.’"- ” Table II exhibits the findings 
sera from secondary anemias, from the anemias of malignant !s 
A-arious tjTzes of leucemia and certain otlier pathologic conditions- 
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estaUislied the availability of a test for difTcrcntiatiiig between peniicions anemia 
and other types of anemia, between pcmpliigus and other forma of skin disease 
simulating it, and between trachoma, rc,!:ardcd by many as a systemic disease, 
and other varieties of con.innctivitis and localized eye disease.'^ 


Table 111 


Nontoxic Sera 


IHND OF BLOOD SERUM 

niYTOTOXlC INDUS 

1 (%) 

S^-philis 

1 81 

Tuberculosis 

78 

Scarlet fever 

70 

Measles 

80 

German measles 

SO 

Varicella 

80 

Eclampsia 

75 

Postpucrporal (12 weeks) i 

80 


Of equal interest were the ncyativc findings derived from phytophannaco- 
iosic study of sera from certain grave pathologic condit ions, i.o., syphilis, tubercu- 
losis, scarlet fever, and other exanthemas, and also eclampsia. The phytotoxie 
indices of some of these nontoxie sera are shown in Table III. Tables I to III 
nre obviously of clinical interest and throw some light on the etiology of certain 
diseases, such as pemphigus, pernicious anemia, trachoma and eclampsia. The 
ri'l'topliarinacologic tost is also helpful in differentiating some pathologic condi- 
tions having certain points of resemblance. Thas, for instance, one of us by 
this method has differentiated between syphilis, tuberculosis, and leprosy, 
nrther data on the subject may bo found clsewberc. In Ibis connection it is in- 
tetesting to note tliat the average phytotoxie index of normal human blood speci- 
"itiis, 70 to 75 per cent, is practically the same as that obtained with sera of 
otliei mammalia, small and large, and of most fish and otlier cold-blooded animals 
" 1 th the exception of reptiles. 


Table IV 


Sera From Virus Diseases 


OF BLOOD SERUM 

ANIUAD 

INOCULATED 

rilYTOTOXlC 
.INDEX OF CONTROL 

1 (%) 

PHYTOTOXIC INDEX 
OF ^^RUS SERUM 
(%) 

^’accinia 
' acciaia 

Rerpes simplex 
'*^“3 15x(5 

Jiras fixe 

Mrus HI 

A-\iras 

iMlor 

i ’f fitvoina 

1>WT 

*°^* ^**^ ^I'oriomeningitia 

Chicken 

Rabbit 

Rat 

Rabbit 

Rabbit 

Guinea pig 
Rabbit 

Cat 

Chicken 

Rabbit 

Rabbit 

Guinea pig 
Monkey 

Rabbit 

Rabbit 

71 

73 

07 

72 

75 

81 

72 

70 

66 1 
77 

75 

79 

01 

77 1 

80 

80 

78 

84 

61 

65 

84 

Go 

92 

96 

85 

102 

62 

63 

61 
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ATOXIC SERA 

The negative results obtained irith sera of certain diseases listed in Table 
III suggested an investigation which was conducted bj’’ Macht and Gardner,'* 
who studied blood specimens from various animals experimentally inoculated 
with a number of virus diseases. 

Blood was taken from such animals before experiments were begun andlater 
after the virus diseases were fully developed. It was found tliat sera from 
animals inoculated wuth the virus diseases yielded phytotoxic indices nuicli 
higher than normal blood specimens from the same animals. Bloods from 
animals inoculated with virus fixe or virus hydrophobia were the only exception, 
and the increased toxicity of such .specimens was shown to he due to conMiisions 
produced by the virus because similar findings were made after injection of 
small amounts of stryelinine and tetanus toxin (see Table IV). 


BLOOD SERA FROII PEJIPHIGUS, X-RAYED, AND PSYCHOTIC PATIEXTS 

During the past five years the phytopharmacologic test has been a routine 
procedure in various researches made in these laboratories. Such investigation 
has been made on the comparative toxicity of various synthetic inorganic and 
organic compounds, the growth hormones, the influence of vitamins on plant 
groudh, the pharmacologic effects of sex hormones on growth of plants, and a 
search for toxins in various diseases of the blood. Special studies, descriiicd 
here in detail, were made on (1) blood sera from animals and human bcmgs 
after their exposure to x-rays, (2) the toxicity of pemphigus blood sera, an 
(3) blood sera from patients with various organic and functional psychoses. 

The first problem undertaken concerned the effects of prolonged administo 
tion of x-rays and had a direct bearing on the so-called roentgen sickness, i- 
peated experimentation revealed that from twenty-four to fort.v-eight houis a ei 
exposure of various animals to therapeutic doses of x-vajs, a to.\’ic „ 

developed in their blood whieli could he demonstrated phytopbarniacologiea^^ 
As compared with normal specimens that had been drawn from the same an 
before treatment with x-rays, blood sera obtained afterward were Qnhc 
but the toxicity varied with the region of the body irradiated. Vlmn 
tests on normal animals had been completed, a similar series was begun 
human beings, from whom blood sera were obtained both before and 
treatment with x-rays for malignant and nonmalignant pathologic 
It was found that specimens from patients who had been subjected to si ^ 
posui’e definitely inhibited growth of Lxipinns alhiis seedlings. ' > 
vestigation revealed the fact that not only sera from patients tiea 
x-rays but also those from appai’ently healthj’^ physicians, ns 

tendants in roentgenologic clinics were definitely toxic for iupDiHS ^ 
compared with control specimens from nnexposed normal indivi jjrc.k 

her of these findings have been published, but the subject itself, v strikm? 
clinical importance, is still under investigation. Table V shows 
data already obtained. 
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Table V 


Effect of X-rays on Blood of Clinical Patients 




: PlIYTOTOXIC INDEX 

TIME ELAPSING ! 


CASE NO. 

DIAGNOSIS 

BEFORE 

TREAT- 

MENT 

(%) 

AFTER 

TREAT- 

MENT 

(9&) 

BETWEEN X-RAY 

TREATMENT 
AND TAKING OF 

SPECIMEN 

DOSAGE 

EMPLOYED 

(r.) 

N 17 

Carcinoma of breast 

73 

45 


200 

X 17 
il.B.M. 

Carcinoma of o%ary 
Hyportrophied tonsils 

74 

72 

37 

24 hours 

No x-rav 
333 

105391 

Carcinoma of breast 

72 

08 

72 

42 

8 day.s 

48 hours 

265 

1S0902 

Carcinoma of cervix 

52 

45 

48 hours 

156 

181248 

Carcinoma of breast 


47 

48 hours 

ICO 

174802 

Carcinoma of prostate 

79 

40 

24 liours 

260 

175925 

Syringomyelia 

73 

50 

24 hours 

101 


Myoma 

01 

41 

24 hours 

270 

174976 

Carcinoma of submaxillary 

OG 

5S 

24 hours 

198 

1C9275 ! 

gland 

Eustachian salpingitis 

69 

30 

24 hours 

129 

L60S4 

Hypertrophic nasopharATicitis 

72 

41 

24 hours 

160 

183874 

Carcinoma of breast 

84 

40 


202 

1"0S13 

Carcinoma of breast 

OG 

58 


194 

3Irs. T, 

Chancre of tongue 

09 

04 


2 X ICO 

Carcinoma of breast ! 

OS 1 

32 1 

24 hours 

300 


still conduct another phytopharmacologic study of patliologic blood 
sera, initiated a year ago by Dr. Jlax Hayman, then a resident physician at 
i>Prmgfieia State Hospital, Sykesville, Md., and one of ns (D. I. M.). This 
lesearch consists of a systematic examination of blood sera from various types 
0 unctional and organic psychoses. A complete presentation of the findings 
■ e published in due time after the blood sera from a larger number of 
thr* Snell an investigation is in progress. Table VI shows 
e results obtained after repeated examination of sera from eight psychotic 
lents. The case of one such patient will be described in detail here. 


Table VI 

PiiYTOToxic Indices op Some Psychotic Blood Sera 


E. S. 
H.R. 

r.N. 

D. H. 
C.H. 
M.R. 

E. B. 
J.H. 


diagnosis 

Schizophrenin, catatonic hj-pokinetie tj-pe 
Schizophrenia, catatonic hypokinetic tj’pe 
Schizophrenia, catatonic hyperkinetic tj'pe 
Schizophrenia, catatonic hj’perkinctic tj^ie 
Involutional melancholia type 
Involutional melancholia tj'pc 
Manic-depressive type 
Manic-depressive type 


Iphytotoxic index 
(%) 

44 
42 
58 
58 
52 
50 
54 
57 


By iv 

h extensive phytopharmacologic studj’, which is still in 

(B luade by the dermatologist, Dr. Isaac R. Pels, and one 

h^^^^phigus blood sera, which exhibited more toxicity than 
^^Ttosv fi*oni all other skin affections, Avith the exception of 

dia(» ^ Phytopharmacologic test has become not only a valuable 
oDosing and dift'erentiating this strange malady from dermatitis 
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herpetiformis and other dermatoses, but also an important contribution to the 
etiology of pemphigus. It has been most useful in establishing a diagnosi.?!!! 
the early stages of pemphigus. Although pemphigus is a rare disease, Macii! 
and Pels up to the present time have examined phytopharmacologically more 
than 2,600 speeiroens taken fi’om yarioas s]dn diseases and forwarded to die® 
for differential diagnosis by physicians in the United States and Canada, 
Rontine phytopharmaeologie examination of these blood sera ha.s re.siilff(l 
in a positive diagnosis of pemphigus in fully 90 per cent of the cases, a diag- 
nosis which was confirmed by clinical findings as the disease progressed. This 
figure in itself is incontrovertible proof of the value and reliability of the 
phytopharmaeologie test for this disease. Because of the growing importance 
and practical value of the phytotoxie reaction in rontine examination of blood 
sera from various diseases, and because of the difficulties some clinicians ex- 
perience in carrying out the test, we pui'pose to describe it in considerable de- 
tail and to evaluate its reliability in the light of the latest biological and 
biometric information available. 


METHOD OP EXPERIMENTATION 

The method of detecting toxic reactions in blood sera of pernicious anemia, 
pemphigus, and other pathologic conditions consists of determining quanhta- 
tively the increment in length of the single, well-defined, straight roots of 
seedlings of Lupinus nlhus, after their growth for twenty-four hours in a plant 
physiologic (Shive) solution containing a small amount of the blood serum to 
lie tested. The average root length of ten or more such seedlings is measurec, 
and the plants are immersed in a suitable plant physiologic nutrient soiiih® 
containing all the salts or electrolytes necessary for perfect growth. Scedlmgs 
are grown in snch solutions for tAventy-fonr hours under standard 
of light and temperature, after which the average increment in root 
is determined. These seedlings grorvn in Shive solution are compaie i 
similar seedlings placed for the same number of hours in the 
plant physiologic solution containing, in addition, a definite quantity ® 
loioivn chemical, blood serum, or other substance to he tested. Wmn a p 
specimen of blood is examined, the growth of seedlings is determine 
for one group in plant physiologic solution alone, but also for another in 


solution containing a small percentage of normal blood serum 


It is enstomarr 


in all phytopharmaeologie work to employ 1 per cent solutions of no 

reat deal of training IS ^ 


To make a correct pliyd;opharmaeoIogic test a gr 


kboratorj' 


quired not only in ordinary pharmacologic methods, but also m 
technique pertaining to plant physiology. Beginners who pointed- 

with the first attempt at such experimentation will probably be 
Withont previous practice even experienced laboratory workers hax e^^c^ nieas«i^ 
been unable to germinate the seeds, much less to raise the in 

them in phytopharmaeologie tests. In this highly specialize jyro 

other complicated laboratory technique, negative results m tie 
count for little or nothing. 
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In examining specimens for pemphigus toxin, fresh blood serum is almost 
invariably employed in malting the test although, as llacht and Grumhein 
have pointed out,'^ dried specimens of whole pemphigus blood or of blood serum 
retain much of the toxin and may he used for phytopharmacologic examination 
when necessary. Occasionally, serum from bullae is also tested for the pem- 
phigus toxin. A 1 per cent solution is prepared by dissolving the serum in equal 
parts of distilled water and Shivc plant physiologic solution,”’ which consists of 
10 4 c.c. of a 0.5 molar solution of ehemieirlly pure calcium nitrate, 30 c.c. of a 
0.5 molar solution of chemically pure magnesium sulfate, and 36 c.c. of a 0.5 
molar solution of diacid potassium phosphate (ICH,P 04 ), to which is added 
enough distilled water to make one liter. In testing body fluids for clinical 
purposes, it is absolutely necessary to use salts of the highest chemical purity. 
Even the test tubes employed in such work should he of a special type, i.e., they 
should be made of hard or nonalkalinc gla.ss, in order that all conditions of 
e-xperimentation may he rigidly controlled and standardized. Tire hydrogen-ion 
concentration of a mixture of equal parts of distilled water and Strive solution 
IS usually about 5.4. When blood scrum is added to make a 1 per cent solution, 
the pH shifts toward the alkaline side and varies from 5.4 to 5.6. Previous 
publications have shown that such slight variations in pH have little effect on the 
grorvth of seedlings immersed in the solutions and are eortninly not sufficient to 
account for differences in toxicity between specimens of serum from both normal 
sn diseased persons. As a matter of fact, there is usually no difference at all 
lu hydrogen-ion concentration between a 1 per cent solution of serum from a 
uerinal individual and a similar solution from a diseased one. 

In making the phytopharmacologic test, we employed a special apparatus 
tub b"'unty-thrce parallel rows of ten perforations for holding test 
tho** upright position. The ten tubes in the first row, and sometimes 
54^1 ™ I'u'ee such rows, are filled with control solutions consisting of 

ten\ Shive saline solution and distilled water. Succeeding rows of 

bio hllcd with 1 per cent solutions of various specimens of 

dissolved and tested in the plant physiologic saline solution, 
m the”^r'** ®^udlings are ttien carefully selected, measured, and immersed 
aver 1*° filling the upright tubes. For ordinary routine examinations an 
a single ° for each solution to he tested is usually sufficient for 

however The test sliould be repeated on several consecutive days, 

® Par cen™ q* Phytotoxie indices differ from each other by not more than 
“rrasional repetition of the test, on two days at least, is necessary because 
tovins ^Winus albn.i yield seedlings impervious to saline solutions 

*''Sher th seedlings give a negative reading or an index considerably 

speci" yielded by controls in normal blood serum. While it is true 
a-, viiu'! serum obtained from patients with certain rare conditions 

I'a iloduccd eonsistently give higher readings, such conclusions can 

Patients s ™' several tests. In dealing witli specimens of serum of 

'“"■litioB having pemphigus, pernicious anemia, or some similar 

abould i,J “r exceedingly high readings after a single examination 

'“’'a ''afinitely''g 3 j^^-^^ “ several repetitions of the test toxic effects 
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The seeds employed for the phytopharmaeologie test by the 

Ihlf tl ,, ' “ "»"■ i'> <ii»m»lcr, ,,M obteW ta 

madJ “* “ '"*'5- ™ltiv.le<l. Th. test ese I, 

mad ,v.th the small Tamcttcs of Litpinm aUn„. approximately 6 a«. in 

? &ioMm in this eoimtry, but the percentage of germination and mi- 

toiTOity of size of these seeds oire much less than tliose of the French or liaiias 
a leties. Seeds of the^ giant Lupimts alhtis, 13 to 15 mm. in diameter, mar 
a TO le emp ojed in this ivork and have the advantage of possessing a very 
e nite me of demarcation between stem and root. However, llaeht and !iis 
associates have derived the best results from the large Italian varietr of Lupiitm 
a ns seeds, wliich are remarkablj' hardy and will germinate even when five years 
ol , although the most satisfactory I’esuJts are obtained with seeds that are one 
to two jeais old. Jjupinns alhns seeds are soaked overnight in tap water. The 
next day the swollen seeds are ready for planting. Finely ground sphagniira 
nas found to be tlie most suitable medium for the problem in hand. The 
sphagnum should not onlj* be ground to a tine powder but should also be ini- 
piegnated with just t])o amount of ivater most suitable for optimum germina- 
tion, Here the beginner in ph.ytopliarmacology encounters his first difficiili.v. 
If the moss contains too much moisture, the seeds will rot, fungi will develop, 
germination ivill be defective, and the seedlings will be diseased. If it contains 
too little water, the seedlings will suffer from malnutrition and lack of turgor 
and will exhibit a stunted growth. A great deal of experimentation has proved 
that the best results are obtained witii sphagnum containing from 70 to SO per 
cent of water by weight. Such a medium can be successfully prepared onl.v afto^ 
considerable practice. Sphagnum prepared for tlie germination of seedling 

•rr»nr>+ 1 -*^ ^ J . r.* (ICW 


^ ^ — ^ 

must be rinsed several times with hot water to free it from an excess 

matter, which would interfere ivith proper development of the plants. 


It 


which tiiC 


vcniiglit. 


- 4. - - A' - - , - 

inx7st also be ■svell aerated before it is deposited in the glass jars in 
seeds are to be planted. Swollen seeds, which have been soaked ov 
are planted closelj^ together with the hili piointing down. In this way 
number of seedlings can be raised in a comparatively small area. ih 
layer of the moss is tlien sifted over the seeds, and the covered jar is 
to stand in the dark for sev'eral clays at room temperature. When the neat lU 
is mild, the seedlings are general^ of convenient length for testing on 1 ^ 
third day after planting. In winter, howevmr, germinaiiou progresses move 
sloAvly even at room temperature, and the seedlings are not long enough «<’ > 
the fourth day after planting. 

The most suitable seedlings for the phytopharmaeologie test are tho.se u 

• rt ...Irt-r'/J/l })U‘ 


■ith 

Ifflt 

For this tOi- 

AAWV tioucjAij Siu i.a|JiU US liUlb UA LUe '*• 

son, in recent years we have been discarding those less than 30 mm- 
On the other hand, much longer seedlings exhibit curvatures which make 
difficult to measure. Healthy seedlings are taken out of the moss: fbe 
particles are removed by gentle bi'ushing or rinsing, and the leugti' o 


xne inoHi suuaoie seeaiings tor the phytopharmaeologie resi m e un - 
roots measuring from 35 to 60 mm. Shorter seedlings may he emploje , 
their growth is not usually so rapid as that of the longer ones. For this 

rtrt jon?' 
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roots is measured with a milliractOT rule. Here tlio hegiiiner encounters a 
second difficulty. 'While the line of demarcation between root and stem is usually 
definite and easy to find with the naked eye, with or without the aid of some 
innocuous staining solution, consistently ncenrate readings can he made only 
after much practice and experience. After the seedling has been measured, it 
is immersed in a tube of cither the control solution or tiie blood serum solution 
to lie e.\'amined. In this way ten soodling,s are selected for each solution tested, 
including controls. The roots of the seedlings in any given experiment must 
be measured both at the beginning and at the cud of the test by the same 
person. A woman experimenter should not handle the plants at tlie time of 
catamenia. All experimenters slionld wash their hands carefully before toneh- 
ing tile objects to he tested. 

An important detail of techniciue is the matching of seedlings, i.c., the selec- 
tion of seedlings of as nearly the same length as possible. Experiments with 
firing plants are generally more reliable than those with living animals because 
of the vastly larger number of the former available and the physical and 
cconoraie obstacles to such wholesale cxperimentatioti with higher animals. To 
insure maximum accuracy in performing the phytophnrmaeologic test, how- 
O'cr, the seedlings selected should he of as nearly the same length as possible, 
specially should the individual plants in corresponding positions in different 
rolls be closely matched. This is accomplished by filling the first tube of 
we tow with seedlings of as nearly the same length as possilile, and then 
ing the second tube in each roiv with similarly matched seedlings and mateh- 

in the same way all the plants in corresponding tubes in the remainder of 
llie rows. 


race.? i ^ procedure is followed, deviations in readings due to differ- 

Ijctween seedlings which are cither too long or too short at the 
Dar'^ " ®-'Perimcnt are reduced to a minimum, and a more reliable com- 

made with regard to the effect of various solutions on the 
Sroivfh of the roots. 

lobes the seedlings have been measured and allotted to their respective 

line '■ ““nlnining them is placed in a refrigerator or a low-tempera- 

hvciily seedlings are allowed to grow there in the dark for 

overatTf^'' the end of which time they are measured again, and the 

7be growth in control and unknown solutions is determined. 

">6 tivcrai>e^ Srowth of roofs in any given solution of blood sera divided by 
solpt' length of roots of control seedlings grown in 

■ca alone and maintained under exactly the same light and tem- 


PWalur, 


bloo^'f'^^ so-called phytotoxic index of growth for that serum, 
rom normal persons yields a plijUatoxic index ranging from 70 


to 75 
f cent, 
herb 


per cent serum from patients with pemphigus, a reading of 58 or 59 

Sis of (.o,..!!.*. i'aportant single factor affecting phyUopharmacologic test- 

patients with pemphigus is the temperature. It is absolutely 
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necessary that seedlings grown in various solutions of serum be maintained at 
the temperature most suitable for the test. In earlier publications one of iis 
(D. I. M.) specified 20° C. as the temperature most suitable for suclmvork. Later 
experience, however, has shown that the best results in testing .specimens of 
serum from patients with pemphigus are obtained with seedlings grown at a 
considerably lower temperature. The blood from such patients changes rapidly 
when kept at room temperature. The pemphigus toxin decomposes eren at 
from 18° to 20° C. in the presence of the slightly acid Shive solution. Further- 
more, the stimulus to growth of seedlings kept at temperatures higlier than 
15° C. or 60° F. is so great that slight inhibitions produced by the presence 
of small quantities of toxin are ma.sked. On the other hand, when the seedlings 
are maintained at temperatures beloiv 15°- C., the growth of all, even those 
in normal control solutions, is greatly retarded ; as a consequence, the phyto- 
toxic indices yielded by specimens of both toxic and normal blood are much 
lower than they should be. In other words, seedlings grown in solutions d 


temperatures lower than 15° C. gh’e more toxic readings than those grown w 
similar solutions at 15° G. Of all the ecologic factors playing roles in phyto- 
pharmacologic work wdth blood, temperature is the most important. Ln- 
doubtedly some investigators attempting the test have obtained discordant re- 
sults because they did not regard this all-important ecologic factor. It is ohuou^- 
moreover, that all specimens of blood sent for phytopharmacologic testing, espe 
cially those from patients in whom pemphigus is suspected, should be pro cc 
from light, and, preferably, kept on ice. One of us (D. I. M.) has repeat . 
observed that the red corpuscles of blood affected by pemphigus undeigo econ^ 
position much more rapidly than normal erythrocytes and effect a pwp o ’ 


lyzed fluid quite unsuitable for phytopharmacologic examination. 

For investigative purposes in connection with new problems nn 
determination of small differences in growth of seedlings placed in con^^^^ 
and unknown solutions, respectively, the phytopharmacologic test can )C 
more accurate by “proving” the seeds and seedlings. In such 
seeds have been soaked and germinated in sphagnum, and the 
of a large number has been measured, they are placed in solutions ® 
equal parts of distilled water and Shive. The growth of all p,.jturc 

and their I’oots under standard conditions, i.e., in the dark and at a 
of 60° F., is then determined, and only those are selected for n 

pharmacologic work which sliow'^ approximately the same ° 
jirocedure which eliminates plants weaker than others and ^ ok 

ings much more reliable. It is unnecessary to reiterate that t le 
tained by the writers with large numbers of proved of 1''^ 

reliable as those derived from any zooiiharmaeologic test. uiak'' 

phytopharmacologic method it is possible to determine the tc-st 

unknown sub.stanees with various controls for hundreds o 
objects groAvn simultaneously, a feat very difficult to pf iiiiK'b 

pharmacologic experimentation and piossible then only at tie 
more time, money, and labor in a highly subsidized laboiatoiy- 
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STANDARD DEHATiON, PROIiABLE EBKOBS, AND CRITrCAL RATIOS 
Illustrative Bxpmments 

To illustrate tlic rcliabilitv uiid utility of the pliytopliavniacologic test of 
various pathologic Wood sera, five sets of experiments arc tietailed and 
analyzed ]iy modern statistical inctliods.*'- All five were carried on simul- 
taneously umler exactly the same conditions, and in each series there were 
50 tupiiiKs nlhas seedlings with roots from 35 to 50 mm. in length. In the 
various solutions these seedling.s were grown in the dark at 60“ F. for twenty- 
four hours, at the end of which period the roots were measured again, and the 
phytotoA'ie indices were calculated. In Experiment A 50 control seedling.s were 
gromi in a mixture of equal pai'ts of Shive and distilled water. Into the Shive 
solution, in which all the other scries of seedlings were also grown, was intro- 
duced 1 per cent of (1) a normal hnman hlood .scrum in Experiment B, of (2) 
a random specimen of hlood from a patient tentatively diagnosed clinically as 
pemphigus in Experiment G, of (3) a serum obtained from a person after 
exposure to x-ray.s for nonmalignant disease in Experiment D, and of (4) a 
scrum from a patient afflicted with schizophrenia of the hypokinetic typo in 

E.vpciiment E. 


Exceriment a 



ia Root LQne;th oE GO 

Controls 

in Sliivc 

Solution 

and 

Distilled 

■Water (3:1) 

17 

1C 

ti 12 

13 

13 

13 

IS 

12 

14 

23 

13 

18 15 

10 

ft 

13 

14 

13 

14 

13 

12 

15 9 

11 

13 

11 

11 

13 

13 

12 

11 

10 

15 12 

13 

15 

12 

14 

11) 

11 

li 

D 

10 11 

13 

13 

33 

11 

12 

15 


mge increment in grorvt), U3.2 ann. <r tStaadanl rlcriation) ~ — ” 2.0. 


■“crcffieiK 

0 

n 

9 

n 

9 

Alcrage i 


Experiment B 

m Root Longtli of oO Seeillings in Shire Solution with 1 Per Cent Normal Blood 
S^rum 

S 8 

8 

10 13 

0 13 

12 9 


10 7 

7 

8 

9 

9 

10 

9 10 

10 

10 

7 

11 

10 

12 8 

ft 

11 

11 

9 

10 

7 10 

12 

11 

10 

11 

J2 

7 7 

12 

12 

7 

;o 

9 

Phytotoxic index of 

normal 

Wood 

serum =: 

72 per cent. 




p. E. t 


N " 
0.R745 X 


; 0.22 




P. E. cliff. r= “J 

^ Shive 


+ PE* 
Normal serum 


Shhe Solution and Normal Serum Rcadiugs: 
Validity or critical ratio = 


P. E. diff. 
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ExpEraxtEXT C 

Inorement in Hoot Length of 50 Seedlings in Shive Solution With 1 Per Cent of PempM^o. 

Serum ' 


Average increment 


Phytotoxie index of pemphigus scrum = 10 per test 


^ = 'v-ir = 1*4 

„ 0.6745 X <r 


P. E. ditf. = V.* 

formal serum Pemplngus serum 
Correlation of Normal Serum and Pemphigus Serum Beadings: 


Validity or critical ratio 


P. E. diff. 


Experuient D 

Increment in Boot Length of 50 Seedlings in 1 Per Cent Blood Serum, Obtained After -Vrif 

Therapy 

^ S 7 5 858G7<> 

3 7 04537970 

27 67479079 

0 6 6 9 6 8 2 3 8 ? 

7747942458 

Average increment = 6.0 mm. Phytotoxic index of x-ray blood serum — lO pof 


P. E. = 


0.6745 X cr 


P. E. ditf. 


= Vxr. 


PE-' + PE-' ^ 0.17 
Normal serum X-ray serum 


Correlation of Normal Scrum and X-ray Scrum Readings: 

D 


A'^alidity or critical ratio = p E diff 


EXPEBIlTENr E ^ 

Increment in Boot Length of 50 Seedlings in 1 Per Cent Blood Serum. Obtained r'"® 

Psychotic Patient 


Average increment = G.O mm. Phytoto.xic index of psychotic .scrum 

fzf)' 

<r -V-X^ = 0.183 
' N 



MACIIT-IIACIIT : PHYTOTOXIC RE.VCTIOXS OF BLOOD SERA 


611 


P. E. = 


0.0745 X <r 
VlT 


0.017 


P. E. diJT, 


- = V 


VEr + PE* 
Normal Fcrwm Pj«ychotic scrum 


Correlation of Normal Serum and P.sychotic Serum Readings : 

Validity or critical ratio = l* P^diii " ~ 


Since according to recognized mathematical criteria a critical ratio of 
3.0 or more indicates that the difference between averages is a significant and 
not a chance difference, it will be seen that all the exi)erimcnts analyzed to 
determine the standard deviation, ]H*ol)ablc error, and proiiablc error of differ- 
ence peld critical ratios of a much higher order and, therefore, reveal results 
of very high significance and reliability indeed. 


analysis of intergroup vf-rsus intragroup variations by fisher’s mf.thod 

To fuither test the reliability of the foregoing data special analysis was 
ma e of the readings obtained for intergroup versus intragroup variations 
according to Fisher’s well-known method. 

of Variance, — Fundamentally analysis of variance is a test of 
loRi canee. It is based on the solution of a number of problems of statistical 
obtained by Pishei'.*“ The total variation in this experiment is 
reM^b ^ pai’ts, viz. (1) the variation attributed to irregularities in the 

dift’e ^ given group, and (2) the variation attributed to the 

ot'^^een the mean performances of the different groups. Once 
or notTh ^ove been separated, they arc compared to see whetlicr 

detenu' ^ significant difference between them. In this way it can be 
orlp^^n.*^ '''hether the variation within the group is significantly greater 
an the variation lietween groii))s. 

tions the Gyo^ll). — (a) TIic sums of the squares of the devia- 

om t e individual means are eomimted. In this case they are : 


Shive solution = 200.9G0 

Normal blood sera = 181.090 

j ^ f enipliigns blood sera = 9C.000 

from these squares pooled are equal to 478.050. (e) The variance 

the (leof^ ^‘'tiree is estimated by dividing the pooled sums of the squares liy 
°"t less th* " The latter is tiie product of the numijer of group and 

is 478 n-n trials, i.e., 3 x 49 = 147. Thus the estimate of variance 

•= 3.252. 

'wns of ^®tircen Groups. — (a) The sum of tlie squares of the devia- 

h" sura mean of the sums is computed. Since the latter is 

(jqr*^ **”I*'* ^ ‘^'<2.33, the step is as follows : 

'■'his t- (GGl - 472.33)“ + (2C0 - 472.33)= = 79.155 

ef sail ^■'’■ded by the number of trials ])er sulyect to reduce tlie 
'* 'stiraatcd'i,. basis; thus 791.55/50 = 1583.1. (c) The variance 

'■^'Srees of f . source by dividing the reduced sum of squares i)y the 

Medom of groups, i.e., by n - 1 = 2; thus 1583.i/o = 791.55. 
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Table VII 


Comparison op Readings Obtained With Seedlings Grown in (1) Shut Solution- ixd ix 
Solutions of (2) Normal Human Blood Serum and of 
' (3) Pemphigus Serum 
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3. Applicnfion of the F 7'cst . — Tliis is that method described by Fislior^® 
as “testing ^vliethcr one estimate oC variance derived from Uj decrees of freedom 
is significantly greater than a second such estimate derived from 113 degrees of 
freedom.” A convenient adaptation is supplied by Mahalanobis-^ and 
Sncdecor." There arc two steps in this test: the first is to form the ratio of the 
greater to the lesser variance, i.e., 791.55/3.252 = 243.5; the second is to 
match this value in Fisher's table for the distribution of F, a table which shows 
how high the ratio must be to be ])arcly significant and highly significant. It 
is entered with the degrees of freedom of the two variances forming the ratio. 
In evaluating the significance of the two degrees of freedom in this experi- 
ment, as outlined above, the figure 3.06 is regarded as barely significant and 
the figure 4.73 as highly significant. Thus the ratio of 243.5, which is far in 
excess of the higher ratio of 4.75, shows that the difference between the groups 
in this experiment is very significant indeed and greater than that -within the 
groups. 


Ci)\ip\RISOX OF KEADINGS OBTAINED WlTlI SeEDUKCS GrOWK (1) IX SHIVE SoLUTIOX AlOXE, 
(2) JN SinvE Solution With 1 Per cent Normal Blood Serum, and (3) ix 
SiiH-E SoLUTiox With 1 Per Cent X-Rav Blood Serum 



shut: solution 

NORMAL BLOOD SERUM 

X-RAY BLOOD SERUXI 

Sum 

Mean 

- deriations* 

GGl 

13.22 

200.90 

490 

9.92 

181.09 

298 

5.96 

203.89 


u ueMations* = 580.94. Degrees of freedom = 3 x 49 = 147. Variance = 585.94/147 = 3.D9. 
Of the sums = m + 49G + 298 = 1455. Average = 1455/3 = 483. 

(dOl - 4S5)* + (49G - 485)* + (298 - 485)* = CGOCG 
GGOGG/oO = 1321.32 
1321.32/2 = (JGO.GG 

GGO.GG/3.99 = 1G5.3 

Ratio of greater to lesj^er variance = 1(55.3. 

hns it pg intergroup difference is significantly 

Srea er than the intragroup diffei eiiee. 

Obtained With Seedlings Grown (1) in Siiive Solution Alone, 


SOLUTION WiTH 1 PER CENT NORMAL BlOOD SERUM, AND (3) IN SHIVE 
LTioN With i Per cent Bix>od Serum From a Psychotic Patient 


As; 


Variance =: 3.79 

Sum of sums = GOl + 49fl + 298 = 1455 
Mean = 1455/3 = 485 

(Mil - 485)' + (498 - 485)' + (29S - 485)= = COOOG 
OGOGG/50 = 1321.32 
1321.32/2 = G00.G6 

680.GO/3.79 = 174 

Ratio of greater to Icss-er variance = 174. 




^gaiD, it will h 1 

Krpnto * 1 . Observed that the intergroup difference is very significantly 

Cr 

h'ol solut^i analyses of data obtained in typical experiments with con- 

soniin an(i*i*^ ifiaut physiologic saline, on the one hand, and with normal 
Slid grave obtained from patients with pemphigus, x-ray therapy, 

psychoses, on the other, leave no doubt as to the reliability of the 
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phytopliannacologic technique, as practiced in this laboratory, and the positive 
significance of the data obtained thereby. This, of course, applies to thephyto- 
pharmacologic test as employrnd by an experienced worker in the field. lYliik 
our statistical analysis was made on long-range experiments, i.e., experiments 
in which 50 seedlings were employed for eacli solution studied, Macht and Ms 
eo-workers have discovered in actual clinical practice that reliable data re- 
garding the phytotoxic properties of blood sera are obtained by me,™s of 
a smaller number of seedlings. The routine procedure in this laboratory is 
to employ ten healthy^ seedlings for each solution and to repeat the experi- 
ment on two or three successive days. If the irhytotoxic indices derived from 
the successive experiments vary by no more than 5 per cent, the average 
figure obtained has been found to be vmry reliable as it almost invariably 
agrees with the final diagnosis of the blood picture made independently by the 
clinical practitioner and pathologist who forward the sample for pharmaco- 
logic study. 

SUMMARY 


1. The Macht technique for determination of phytotoxic reactions of blood 
sera is described in detail. 

2. Tables presenting the phytotoxic indices obtained in phytopharmacologic ^ 
examination of numerous to.xic, nontoxic, and atoxic blood sera are offered or , 
use as criteria in carrying on further work of this kind. 

3. A biometric analysis of data obtained in typical experiments with noinial . 

human blood serum and blood sera from persons with pemphigus, x-ray , 

and grave mental disease is made in detail to illustrate the reliabilit.' o , 

phytopharmacologic test and the significance of results secured by this mean . 

4. The various data adduced demonstrate the utility of the | 

logic test or tlie application of plant physiology to investigation of clinica pio j 
lems. i 


REFERENCES 


of Plant 


Macht, D. I.: Contributions to Phytopliarmacologj' or the Applications 

Physiology to Medical Problems, Science 71: 302, 1930. , jupimi’ 

acht, D. I.,” and Livingston, M. : Effect of Cocaine on the Uron j .j. j[ci 
A Contribution to “Phytopharniacology, ” Proc. Soe. Exper. 


Macht 

Albus. 


19:235, 1922. ^ T nninus all®- 

3. Macht, D. I., and Livingston, M.: Effect of Cocaine on the Grovtli or i 

A Contribution to the Comparative Pharmacology of Animal .an 

plasm, ,T. Gen. Physiol. 4: 573, 1922. -srenstrual Tosiai 

4. Macht, D. I., and Lubin, D.: A Phytopharniacological Study ot 

J. Pharmacol. & Exper. Therap. 22: 413, 1924. ^ yfenshnn! 

5. Macht, D. I., aud Davis, M. E.: Experimental Studies, Old and iNe", 

Toxin, J. Compar. Psychol. 18: 113, 1934. . r piiarniac®'- 

6. Macht, D. I.: A Phytopharmacological Study of Pernicious Anenii., 

& Exper. Therap. 29: 4G1, 1926. . f)]e Etwl^P-'' 

7. Macht, D. I.: Pernicious Anemia, an Experimental Contnbu lon 

Diagnosis and Treatment, J. A. Af. A. 89: 7.53, 1.027. . Ancniia Toxio.' 

S. Macht, D. I.: Concerning the Nature and Distribution of Pernici ^ 

Festschrift of Professor Emil Burgi, p. 22S, 1932. -iVisliings 

9. Macht, D. I., and P.aulson, AL: Phytopharmacology of Stomaca u • 

Digestive Di.sorders and Pernicious Anemia, J. Lab. ^ .f the Biwa f-; 

10. Pels, I. B., and Macht, D. I.: Phytopharmacological Examinatioi^^ g„pl,. ja. 

Pemphigus and in Some Other Diseases of the Skin, Arc i. 

640, 1929. 



MACHT-JIACHT : PHYTOTOXIC REACTIONS OF BLOOD SERA 


615 


11. Pels, I. R., and Jlncht, D. I.: Phj’topharmacologj' of Pemphigus and Other Dermatoses, 

Additional Studies, Arch. Dermat. & Sj’pli. 23: 601, 1031. 

12. ilncht, D. I.: Phytopharmacological Studies on the Blood of Trachoma Patients, 

Folia ophth. orient. 1: 35S, 1035. 

13. Ihcht, D. I., and Gardner, P. E.j Phvtopharmacological Reactions of Normal, Toxic 

and Atoxic Sera, Proc. Nat. Acad. Sc. 22: 384, 1036. 

14. Maclit, D. I.: Effect of Roentgen Ravs on the Toxicitv of Blood, Am. J. Roentgenol. 

12: 70f), 1030, 

15. Mncht, D. L, and Grumbein, AI. L.: phytotoxic Reactions of Frc^h, Frozen and Dried 

Blood Specimens, Arch, intornat. de pharmacodyn. et dc thdrap. 60: 05, 1938. 

16. Shire, J. W.: A Study of Physical Balance in Nutrient Afodia, Physiol. Researches 1: 

327, 191.5. 

17. Garrett, H. E.: Statistics in Psychology and Education, Chicago, ID2G, Longmans, 

Green & Co. 

16. Treloar, A. E.: Oirtlinc of Biometric Analysis, JUnneapolis, 1936, Burgess Publishing 
Co. 

19. Fisher, R. A.: Proceedings of International Mathematical Conference, Toionto, 1924. 

20. Fisher, R. A.: Statistical Methods for Research Workers, Edinburgh, 1935, Oliver 

k Boyd. 

21. Mahalanobis, P. C.: Ind. J. Agri. Se, 2: 694, 1932. 

22. Snedecor, G. W.: Analysis of Variance and Covariance, Ames, 1934, Collegiate Press, 

Inc. 



CLINICAL AND EXPERIMENTAL 


SULFAPYEIDINE IN EXPEEIMENTAL BRUCELLOSIS" 

E. S. King, M.D., P.A.C.P., and SIargiVret Lucas, A.B., M.T. 

W/VivE Forest, N. C. 

W ITH tlie ach’ent of sulfapyridine in the field of therapeutics, cspeciaiiy 
in the treatment of pneumonia, a disease in which it praduces such remark- 
able beneficial I'esults, it was perhaps to be expected that it would be tried m 
the treatment of many other diseases, and to be hoped that it would show the 
same remarkable curative value in some of them as in pneumonia. Likewise, its 
ability to prevent and cure pneumoeoeeal infections in experimental animals 
has been demonstrated many times by many investigators. Little has appearw 
in the literature so far reporting experimental results with this drug in t le 
treatment of Bimeella infections. On the contrary, many reports of the lesii s 
of experimental work with regal'd to treating these infections with sulfani amue 
are available. ]\Iany investigators have also reported various degrees o sa is 
factory results in the treatment of human brucellosis with sulfanilann e an^ 
its derivatives. Since the trvo di’ugs, sulfanilamide and sulfapyridine, 
closely related chemically, it is reasonable to expect them to shou 
larities in their therapeutic properties and that sulfapju'idine might s lou 
a better result in the treatment of these diseases. 

ChiniT in a recent article reports that sulfanilamide has both 
and curative effect on guinea pigs inoculated with Br. ahortus, '' 
and Br. suis. Menefec and Poston" also report good results in tie iC' 

Br. melitcnsis var. melifewsis, obortK.s, and snis with sulfanilamide. 

To our knowledge no previous report on work with sulfap. 
experimental Brucella infections of guinea pigs has been publishe 
The present report deals with results that ivere obtained nirt 
guinea pigs after their expei'imental infection with the thiee 
isms named above, as well as ndth the in vitro tests using the same 

METHOD 

T- 1 1 Til’ T F. Iluddh’ 

The cultures used in this ivork were kindly supplmu oj’’ iJ ■ • 
son,® of the lilichigan State College of Agriculture. We founc ^ 
organisms grew well on meat extract agar, but resulted in a more 
growth on beef liver infusion agar. Because they did not of oaf 

carbon dioxide tension for growth, we did not use this methoc m • 
cultures. , 

Wake Fore-'l 

•From the Department of Bacteriologj' Pre%'entivc Me icine, 

School of Medical Sciences. 

Received for publication. November 29, 1939. 
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IN VIVO TESTS 

We injected intraperitoneally 56 male guinea pigs of about the same age 
and size and divided them into three groups. The dose of organisms given 
each animal was one-half of a beef liver infusion agar slant suspended in nor- 
mal saline solution. Normal saline solution slightly in excess of 2 c.o. was 
placed in the culture tube, and the organisms were stirred into an even sus- 
pension. One cubic centimeter was injected ; therefore, one culture made two 
doses. Of the group of 56 guinea pigs, 16 were injected with Br. melitcnsis, 
16 ivith Hr. abortus, and 24 with Br. suis. These groups were subdivided into 
groups as follows; four, six, two, and four for each of the Br. melitcnsis and 
Br. abortus; and five, nine, four, and six for the Br. suis. The groups of four, 
four, and five in the case of each organism were given 100 mg. of sulfapyridine 
daily, orally, beginning one and one-half hours after the injection. The groups 
SK, six, and nine in each organism were given 200 mg. of the drug by mouth 
daily beginning six days after the injection. The groups two, two, and four 
were given 100 mg. of sulfapyridine subcutaneously suspended in distilled 
"'atev. In the groups four, four, and six no drug was given, and these animals 
served as controls. The drug was given once daily in a single dose in all 
imstancos by mouth, except as indicated above. The treatment was terminated 
at the end of three weeks in all groups. During the three weeks’ period of 
treatment 15 animals died; therefore, the autopsy report contained 41 animals. 

e oral administration of the drug was accomplished with case by giving a 
|ro\en piece of the tablet rather than the powder. The animals receiving the 
< U'S beginning one and one-half hours after the injection were for the purpose 
0 ( etermining its preventive value, while from the gi’oup in which the drug 
Af after injection we hoped to determine its curative effect, 

the treatment period all the animals were killed except half of 

oix, six, and nine. These were kept living for twenty-one days 
wh°th ^^otermine by comparison with the other members of this group 
the' oocurred a flare-up of any hidden or latent injection. During 

peno( of treatment all animals looked fairly normal except for a small 
cent t lat appeared sick, some of which died. The greatest mortality rate 
“"Wodm the Br. sms group. 

sectirasT abdominal organs were noted for obvious pathology. No 
of T study -were made. In some of the animals gross evi- 

siirface^ of form of small ahscesslike lesions on the 

fi'lliesion^ There U’as also seen in some animals toxigh, exudative 

tines Th intestines and liver, liver and abdominal wall and intes- 

^'ostca spieen in all animals were Aveighed and Avere found in 

exceed the normal AA'eight. The aA'crage Aveight in the treated 
fij ^ ^Pieen A\'as 1.19 Gm. and of the liver 29.32 Gm. In the control 
hee/ Aveight of the spleen Avas 1.12 Gm. and of the liver 30.46 Gm. 

^pifen fro^m ^^fnsion agar cultures Avere made from the sectioned liver and 
^^nimal. In a fcAv instances cultures from the heart's blood 
^ttenloda ^ t^^ese Avere not completed. Since doing this Avork Ave 

sjmposiun^ on “Brucella Infection and Hodgkin’s Disease” at Duke 
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Umversity Medical School, participated in by Porbns, Poston, Gunter, ami 
. I’epoi’t that the primary seat of involvement in experimental guinea 

pig infections with these organisms is found in the lymph glands. In oiir ani- 
mais we did not notice any lympliadenopathy. 

The cultures were examined after one week’s incubation at 37° C. ami 
evidence for positiveness was made by naked eye examination ami Gram- 
stained smears. Table I summarizes these findings. 


Table I 


IBEXTIFICA- 

1 suis 

1 MELITENSIS 

1 ABOBTUS 

TIOK HARK 
OF ANIMALS 

LIVER 

.SPLEEN 

heart's 

BI.OOP 

LIVER 

SPLEEN 

HEARTHS 

BLOOP 

f.IVEK 

SrLEKK 

HDf.T'S 

Kf.O0P 

Blue 

(100 rag.) 

- 

- 

- 

- 

t 

- 

' 

I 

+ 


Hod 

(200 rag.) 

- 

- 

1 

1 

1 

1 

1 

1 

- 

. 

- 

Control 
(No drug) 

1 

i 

1 

t 

+ 



4 

■f 

( - 

* 


1 

1 + 


+ 

- 


- 

4 



- 



- 

4 


' 

♦ 



Purple 
(100 mg. sub- 
cutnneoualy) 




- 

- 


- 

- 



“HOLD OVEKS" 


Bed 1 

1 + 1 

■I 1 

+ 

^ 1 




(200 rag.) ! 

1 i 

1 





1 ■ 1 


Check indicates negative or positi\’0 culture findings and also each check unilct 
(ivei column represents one guinea pig. 


IN VITRO TESTS 

In order to determine the bactericidal (lethal) effect of sulfapyihliac 
mixed in broth cultures with the organism we followed this techniQue; 

A forty-eight-hour beef liver infusion broth culture was prcpaiTci and a 
portion of this diluted 1 TOO. One-tenth cubic centimeter of this diluh^" 
placed in each of five flasks containing 100 c.e. of beef liver infusion I)n>n. 
To the first of these 100 mg. of sulfapyridine were added, giving n concen® 
tion of the drug of 1 ;1,000. A sterile 100 mg. per cent solution of snifapj^n m 
was prepared and to the second flask 10 c.e. were added, giving a 
centration of 1 TO, 000 ; to the third flask 1 c.e. was added, giving a coiieentr-l- 
tion of 1:100,000; to the fourth flask 0.1 c.e. Avas added, giving j 

centration of 1:1,000,000; no drug was added to the fifth flask nhich 
as a control. Immediatelj'’ after mixing the organisms and drug, I'nm P 
Avei'e made, using 0.1 c.e. of the dnig-organism mixture and beef h'cr _ 
agar as the pour medium. This Avas repeated at intervals of fen 
twenty-four, fortj^-eight, and seA'cnty-tivo hours. After seven days imm 
of the pour plates counts Avere made with the results shoAvn in Table 
counts shoAA-ecI that the drug in 1 :1,000 and 1 :10,000 concentrations 
or complete bactericidal poAver against Br. melitensis and Br. sur?. 
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In our ill vivo teats the drug seemed to show best results in Br. suis infec- 
tions and poorest results in B>\ ahortus. In the animals held over for twaitr- 
oiie days longer without treatment for evidence of latent or hidden infection, 
we found heavy infections in both Br. suis and Br. abortus animals and negative 
pathologic and cultural evidence with Br. nielitensis animals. 

The in vitro tests showed that in the 1 .-1,000 and 1 :10,000 coneentratiom 
against Br. suis the drug resulted in complete destruction of the organism 
In the 1 :100,000 concentration against this organism definite bactericidal effect 
was noted, while the 1 :1, 000, 000 dilution showed only feeble destructive power. 
These findings are in agreement with tlie in vivo findings, since it was in Br, 
suis infection that best results were noted. Against Br. melitensis the 1:1,000 
drug concentration showed complete bactericidal power ; the 1 :10,000 near!}- 
complete killing power ; the 1 :100,000 concentration definite destructive power; 
and the 1 ;1, 000, 000 concentration showed no killing power. The effect of tb 
drug against Br. abortus urns different when compared with the other two 
organisms. This organism was far more resistant; the 1:1,000 concentration 
showed a defiiiite baetei'icidal effect only and the remaining dilutions showed 
less effect as the drug concentrations were reduced. In other words, the drug 
had far less killing power against Br. ahorhts when compared with its Idihn? 
powei’ against Br. suis and Br. melitensis. Therefore, it appears that in the 
thez'apy of these infections tlie ch'ug is more potent against Br. suis infection, 
less potent against Br. melitensis, and least potent against Br. alorius. 

SUMMARY 

1. Three groups of normal health}^ guinea pigs were each injected nitiiiir. 
suis, Br. melitensis, and Br. abortus. 

2. The dose of organisms used was one-half of a beef liver infusion a^u 
slant enlture. 

3. Each main groirp of injected animals was divided into four 
and each subgroup was treated as follows ; one subgroup was gi'' en ^ 
of sulfapyi-idine daily by raoutb, beginning one and one-half horns a 
tion; one was given 200 mg. of the drug daily by mouth, 

after injection; one was given 100 mg. of the di-ug subcutaneous}, 
six clays after injection; and one was not given any drug aiu 
control group. 

4. All treatment was terminated twenty-one days after injection, 

5. At the end of tins treatment period all animals were 

half of each of the groups receiving 200 mg. These were held \ (Piu-ing 

days longer to determine whether a flare-up of the infection occin 

the no drug period. _ in 

6. The drug used for the in vitro tests was a 100 mg. pei pjjjveTsib' 

distilled water. This was suggested by Dr. Robert Hoyt," o ‘j: jaPs- 

of Minnesota, who reported that he found a 100 mg. per oen 

factory for general use. _ _ aga^- 

7. The medium used throughout was beef liver iniusi ,{,.itional s«h' 
This medium was selected because it seems to possess certain ni 

stances promoting growth of these organisms. 
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8. The cultures used in these experiments were obtained from Dr. Huddle- 
son, of Michigan State College. 

9. IVe feel that the drug in the method used does not control or cure 
Brucella infections in guinea pigs, in spite of the fact that based on body 
weight the amount given was far greater than the usual (80 grains a day) 
therapeutic amounts given human beings. AVe believe that the drug lias cura- 
tive value against at least two of the types of Brucella infection (Br. suis and 
Br. melitcnsis) when given frequently enough to maintain a constant blood 
level. 
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CHANGES IN THE SEDIMENTATION RATE AND NONFIDAMENT- 
PILAMENT RATIO FOLLOWING CLINICAL IMPROVBSIENT IN 
PATIENTS WITH LOW-GRADE CHRONIC ILLNESS 


A Statistical Analysis of 323 Cases 


Merritt H. Stiles, M.D., Philadelphia, Pa. 


A STUD! of patients with low-crade chronic illness, in which chronic in- 
I fection - ’ • - - 


appeared to play an important part,' it was reported that (a) prac- 


tha 8 *''' Patiants showed an increased nonfilament-filament ratio ; (b) more 
Siam showed an increased sedimentation rate; (c) the nonfilanient- 

aaient ratio and the sedimentation rate were higher in patients with severe 
those with moderate or mild symptoms; and (d) in acute 
nonfiiament-filaraent ratio rvas increased relatively more 
was the sedimentation rate. Tlie present study was made to determine 
the ^ extent of the changes in tlie nonfilament-filament ratio and 

ree Tate which rvere associated Avith clinical improvement or 

'®y in a similar group of patients. 

clinical data 

made on 323 patients with chronic or frequently 
chronic ^ many of which rvere probably secondary to lorv-grade 

Avere grouped according to severity of illness, 
'''denial ° y* Tecurrent, moderately severe, or severe symptoms. An ad- 
toms p^*°.***’ ''"''"c'ed patients Avith more or less acutely increased symp- 
eiinin.,1 analysis of a similar series of patients as to age, sex, and 

-^‘'I'agnosishave been reported.' 

lea for publication. November 28 , 1939. 
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Following definite clinical improYement, wlietlier spontaneons or follow- 
ing treatment, the blood studies were repeated. Improved patients were 
grouped as sjmiptom free, or as having mild or moderate symptoms. Patients 
were also grouped according to the degree of improvement, from miH to 
symptom free, from moderate to mild, or from severe to moderate being con- 
sidered as one stage ; from moderate to symptom free or from severe to niill 
as two stages ; and from severe to symptom free as three stages of improve- 
ment. The group of patients with acutely exacerbated symptoms was not 
included in this analysis because the nonfilament-filament ratio and the sedi- 
mentation rate did not conform to relationships found in other groups.’ 


METHODS 

Sedimentation rate determinations and complete blood counts were made 
on all patients. Except for iionfilament-filament ratios, hematologic data will 
not be discussed because the changes were inconstant or infrequent. In mak- 
ing differential counts nentrophiles in which two or more lobes were united 
only by a filament of chromatin were recorded as filamented cells, otbers were 
classified as nonfilamented. The ratio of nonfilamented to filamented neutio- 
philes (referred to as nonfilament-filament ratio) was expressed in percentage, 

^ nonfilamented cells x 100 

i.e., nonnlament-filaraent ratio = — yi '• 

filamented cells ■ <0 

In determining the sedimentation rate oxalated blood ivas drawn ip 
the 200 mm. mark on a Westergren tube. At the end of one bonr the hog 
of the column of clear fluid vvas recorded in millimeters.'’ 


Table I 

Chakges in the Sedimentation Rate and Nonfilament-Filament Ratio in pwmsvs 


Showing Clinical Improvement 


FINDINGS 1 

i 

PATIENTS ' 

RANGE 1 

mean 

STANDAKD 

deviation 

EF.HOr- _ 

Original 

Nonfilament-filament ratio 

299 

10-100 

29.75 

14.34 

0.83 

1.1'5 

Sedimentation rate 

200 

2-99 jnm. 

21.15 

18.05 


Following improvement 
Nonfilament-filament ratio 

299 

4-24 

10.2c 

1 5.18 1 

5.85 1 

0.3 

Sedimentation rate 

200 

1-35 mm. 

6.425 


Table I shows a compari.son of the sedimentation rates and non 
ment ratios, both originally and after definite improvement. The mem’ 
ment'filament ratio of 299 patients was 29.7 originally and 10.3 jm- 

improvement. Although some of the patients showed higher ratios 
provement than did others original^, the difference between the 
before and after improvement was 18.3 times its standard erioi- 
sedimentation rate of 200 patients was 21.15 mm. originally an 
following improvement. The difference between the two mean va ues 
times its standard error. number of 

As noted previously, patients were classified accordhig 


stages of improvement (Table 11). The reduction in the 22.4 

filament ratio was 40.7 in patients with three stages of impio^o 


in 
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those with two stages, and 12.0 in those with one stage. The mean sedimenta- 
tion rate was reduced 35.7 mm. in tliosc with three stages, 18.4 mm. in those 
with two stages, and 7.5 mm. in those with one stage of improvement. 

The relationship between improvement in clinical and laboratory find- 
ings was less constant in patients with only one stage of improvement, two 
patients in this group showing slightly higher nonfdament-filament ratios 
after improvement, and seven showing cither no change or a slight increase 
in the sedimentation rate. 

The differences between the mean gains shown by the various groups 
were all statistically significant. 

Table II 


Beutionship Between Ciianges in the Sedimentation Kate and Nonfilament-Filament 
Ratio and the Degree op Clinical Impro\t:ment 





1 rllANOE IN VALUES 

DEGREE OF IMPPAVEMENT 

PATIENTS 


MEAN 

standard 

STANDARD 



range I 

DEVIATION 

ERROR 

1 stage 






Konfilament'filament ratio 

137 

+3 to -29 

-11.08 , 

4.97 

0.425 

Sedimentation rate 

2 stages 

94 

+3 to -29 mm. 

- 7.81 

0.94 

0.715 

^onfi]aInent•filaInent ratio 

113 

-1 to -49 

-22.38 

9.33 

0.88 

Sedimentation rate 
^ stages 

Konfilament-filament ratio 
Sedimentation rate 

69 

0 to -69 mm. 

-18.44 

13.88 

1.67 

39 

26 

-17 to -75 
- 5 to -94 

-40.69 

-35.69 

12.18 

22.1 

1.95 

1 4.34 


CONCLUSIONS 

Clinical improvement in patients with low-grade chronic illness is ac- 
companied by statistically significant improvement in the sedimentation rate 
01(1 nonfllament-filament ratio. 

The degree of improvement in the sedimentation rate and non-filament- 


filament 


ratio varies significantly with the degree of clinical impi'ovement. 
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V’^' ^'*TTi Rate and Nonfilament-Filament Ratio in 
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bronchiectasis ASSOCTATED WITH MONILIA SIMUtATOC 

PUUIONARV TUBERCULOSIS'^ 


A Clixicai^Pathologic Study 


E. Robuht Wiksu, M.D., AViutk ITavex, Pa., axd E. W. Blxby, JLD., 

WiiAvES-Bahiu;, Pa. 


.0 etiol..,-, 

from 1 “ 

1 pommi r ^ ^ ^ (^-scTiplion by Laennec to the present clav. Resardedas 

j availableAhemod. 

tint! f substance lias shown the condition to he more prevalent 

inrri - ^ ie\cd, and bolli medical and .snr,^dcal interest has correspond- 

ithont tlie me of such radio-opaque substances the diagnosis 
^^'bronicif.Y, complications, and verisimilitude to other pul- 
1 , has frequcntl.v led to ciTor.s in dinprnosis. Infection of the 

Jionerioctatie dilations by nearly all the microorganisms found in pulmonar,v 
soase is a most, a logical sequence of events and hns been the subject of several 
papers and discussions Iiy many men. Tlio following is submitted as a peculiar 
ection in a Mell-dofincd ease of broneliiecfasis, erroneously diagnosed as pul- 
monary tuberculosis. 


on woman of .TO yenr.s, entorecl tlie -Wliite Haven Sanatorium 

CE TT R l' R ' ‘baRiio.sis of piilinonnrv tiiborfiilo.'sis in the .service of oiicofa= 

JOTO tl f' feet tliat lier father JiaiJ diori of carcinoma of the stomact' p 

toto' f i *'*’*^^^ "‘'® 'legntivo. Her past historv iiieluderi an attack of iiiflacMcio 

nJl’ rm pleurisy without em..«ion and bronchitis previous to 3936, aad numerons 

oroan t history of whooping cough or of niiv contact with tubercnlosis. 

present ilinc.ss began in April, 19.SG, with a pulmonary hemorrhage of 8 ounces. After ap- 
pro-ximafoly three months' rest at home, the patient went to a private sanatorium from 
July to Octohor, 393fi, but returned to work as a .stenographer on Hovemher 1 of tW 
same year. She did well until kfarch 7, 193S, when .she had a second severe and protractcif 
lemorr lage o approximately 24 ounces. A few days afterwards x-rays of the chest were 
taken and sputum tests were made. Although no tubercle bacilli were found in the spatum, 
the patient was diagnosed as having pulmonary tuberculosis on the basis of the histor.v, 
c mica ei i ence, and x-ray findings — a perfectly reasonable assumption. Her accoan 
the cough of which she complained was interesting. She was cpiite definite in her stateniea 
that t e many colds” with which she was afflicted began in April, 1935, a year before 
first hemorrhage. She had coughed ever .since that date; her spntmn was an odorte^a 
yellowish green fluid, and varied in amount from 1 to 4 ounces daily. Pespde mo"- 
testSj no tubercle boeilli were (leirionstriited. 


•From the Medical Department of the Wiite Haven Sanatorium, AVhite Haven, Fa- 
Read before the Luzerne County Medical Society', 'Wilhes-Barrc, Pa.. November, Ir 
Received for publication, November 3D, 1333. 
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Upon admission the patient was a rather sickly appearing pale woman. The right side 
of her chest, somewhat smaller than the left, did not expand freol}'. Tho quality of the 
percussion note increased from impairment in the upper part to distinct dullness at the 
base where there was a suggestion of a pleural rub. The whispered voice was increased 
throughout the entire right side of the chest ; the breath .‘-ounds were bronchial in character 
and coarse rales, especially at the base, were present. The left side of the chest was a 
trifle Ml and expansion was good; tho percussion note was impaired in tho upper part 
where the whispered voice was somewhat increased and the breath sounds were broncho- 
lesicular in character. Otherwise the left side of the chest was negative. The cardiac 
point of maximum impulse was found in the fifth intercostal space inside the midclavicular 
line. No cardiac murmurs were heard. The fingers were not clubbed, nor w’ere the nails 
curved. The blood pressure upon admission was 116/80, the red blood cell count was 
4,400,000, the white blood cell count was 10,200, of which 68 per cent were polymorphonu- 
clear cells and 30 per cent limiphocytes. The hemoglobin was SO per cent and the Wasser- 
niann test was negative. Hepented sputum examinations were, and continued to bo, nega- 
tive for Koch’s bacillus. The urinal vsis was negative. Examination by Dr. Joseph C. 
Donuellj-, of Philadelphia, revealed infection of the loft maxillary sinus. The x-ray report 
of April 15, 1938, read as follows: 


"The left lung is essentially normal. The shadows over the lower por- 
tion of the right lung are evenly increased in density, and there is a distinct 
atrophy of the right side of the chest indicative of a bronchial occlusion. 
The etiological factor is not clear, but if the sputum be negative, I 
would he suspicious of a benign growth. A pneumonogrophy and a bron- 
choscopic examination may throw some further light on tho condition.” 
(Fig. 1.) 


The last sentence in this report strengthened our determination to use some radio- 
opaque substance to determine the presence or absence of a condition we had previously 
suspected from a study of the history, clinical findings, and x-ray films on tho case. 

P'odol was introduced into the trachea br the intercri’cothvroid route on May 16, 1038, 
and the x-ray report read as follows; 


"The iodized oil has entered the bronchial branches of the right 
lower and I believe the right middle lobe. It has collected in pools in 
cylindrical dilatations along the bronchi. The changes are those of a 
bronchiectasis involving particularly the lower lobe and I suspect there 
IS also some involvement of the middle lobe.” (Pig. 2 and Fig. 3.) 

^Wame ^ ® temperature, 101“ F. upon admi'^^sion to the White Haven Sanatorium, 

under the influence of bed rest. Her pulse, 108 when the patient was first 
fame under a like freatnient. She weighed 94 pounds when she first 

(119 pound^^ Haven Sanatorium and gained 25 pounds in the next six months 

fells were of bronchiectasis was thus made, a number of yeastlike 

•^culture sputum during the continuous search for the tubercle bacilli. 

sputum ^ Rlucose, powdered raw potato, peptone, and agar was inoculated with 

rio«eiv re<‘c ‘^fill^ivation wms carried on at room temperature. An organism which 
culturar (Castellani) was identified by morphologic, structural, 

Ibe m • The cells, either round or somewhat oval in shape, varied in 

a\jstri/f septate and conidia were formed both by budding near the joints 

^ riraiued hyphae. The culture characteristics were tested in 

different f up of peptone, powdered raw potato, and water; to this were added 

"'f'litfite— a tubes dextrose, maltose, lacto.se, galactose, levulose, dextrin, and 

^fparate sugar to each tube; aqueous acid fuchsin (0,5 per cent) was used to 
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defermiiio the formation of acid during the growth of tiie fungus in these tubes during the 
next two or three weeks at room temperature. Gas and acid formation were observed in 
the tubes containing dextrose, Icvulose, nialto.«e. and galactose in three successive cultures 
during the next ten weeks. The organism was identified as Monilia albicans (Castellani). 

Our inability to discover any evidence of thrush in the mouth or pharrax was con- 
firmed by Dr. if. .1. Hess (D.D.S.) of White Haven; who cleared the mouth of all objection- 
able or suspicious elements. The gums were thoroughly healed before work was begun 
upon the sputum, and the patient was instructed to use a strong mouth wash before ei- 
peclorating — a precept which we are certain she rigidly followed. 



Fiff. 1. 


COMMENTS 

Because of the generallj' accepted opinion of medical men because 

is one seen onlj^ by those engaged in tropical medicine and possiblj a 
of the little space devoted to the subject in even the best te-xtboo 's 
of the lung — fungus infection of the respiratory tract has received it ^ 
to the present time from the medical profession of the tempeiate zone.^ dis- 
literature within the past fifteen years, however, has aroused inteies^^ 
ease, and has placed among diagnostic possibilities a 
only simulate espeeiall3^ the more chronic diseases of the uiio, 
the prognosis when seen as a complication and may even cause 
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Classification of the micvoorgranisnis inchided in the snl),iect of myeo% 
is in a state of almost liopeless confijsioji. Almost any ojie of the aiUharitfe 
seems to mention the classification proposed by anotlier authority only to di&r 
from it and to propose his own classification in its stead. One authority, inded, 
goes so far as to suggest the scrapping of all classifications thus far proposed 
and to include all fungi under the general heading of hlastomyces. Nor do they 
agree as to methods. Castcllaui, for example, altliough admitting the occasional 
failure of the procedure, lays slrc.ss upon tlie aloility of the microorganisms to 
ferment the various sugars and to jiroducc acid in the different solutions as a 
means of identification. Dodge, on the other hand, scouts the idea and sew 
to rely solely upon tlie morpliology of l))e microorgani.sni in question. Even the 
biological relationship between monilia, oidia, toruia, and yeasts is not a settled 
thing among various anlhor.s, although almost without exception they dassiff 
the monilia among fungi imperfecta. 

Irrespective of classification, however, all authorities agree that fungin 
infection of the lung is 5)o.ssii)le and divide the cases into three types. In fht 
mild typo of infection the general condition of the patient is not nnieh impaired. 
There is little or no fever; the sputum is generally scanty and nnieopnrnknt ia 
cliaracter; a forv rales may bo heard but usually examination of the diest is 
negative. In the intermediate type there is evidence of a mild catarrhal bron- 
chitis; a slight fever i.s usually found; llio cougli, differing in character in d'^* 
ent patients, is usually paroxysmal and, as a rule, is most severe in the morning 
and the evening. Dyspnea is not infrequently one of the symptoms.^ In tie 
severe type the patient loses ^Yeight. the fever is hectic, the sputum is lat er 
profuse, and at times hetnorrhagie; niglit .sweats and a marked ancniia 
often found. Cliest examination reveals areas of dullness, fine rales, an eu 
dences of plcnritis ; in short, the picture of the scvci’e type closely resenih os “ 
of pulmonary tuberculosis, for which it may be readily mi-stakern 
nosis naturally varies with the virulence of the infection. The mild type 
clear up spontaneously or after several weeks or months may develop m o 
intermediate or the more severe type; it n.snally yields to treatment. 
mediate tjT^e is more stubhomi, and the response to treatment is o 
The therapy must be continued, as such cases may readily develop jo 

type. The severe type is often difficult to combat, and cases of ^ 
mjmotic infection of the lung arc not wanting (Stovall and Greeley, orr 

Tlie x-ra.y film in this disease also closely' resembles that of 
tuberculosis. There may he peribronchial thickening, nodules, m 
pleural thickening, areas of consolidation, and even fibrosis sliown 
(Balvst, Hazard, and Foley). The apices usually remain clear even m 
advanced cases, the disease being essentially a basal one been 

Little is known of the pathologic findings in man, as few to 

reported. In the ease cited (Warr) both right and left lungs 
the chest wall; there were numerous cavities on each side, an m ^,,(3 
were consolidated and easily torn. The ent surfa^s f np.-bearing 
translucent. Both lungs were greatly reduced in size with h t e < - 
in either. Potassium iodide seems of value in the trea men 
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especially of the first and second types. Castellaiii advocates the administration 
of 15 grains of potassium iodide in milk or water tlirce or four times a day over 
a period of three to four weeks. Other medication has also been lauded. Balog 
and Grossi favor the use of insulin, Stovall and Greeley gave gentian violet 
intravenously. Thymol also has its advocates. Vaccine treatment has been 
proposed, and Kotkis, AVaehowiak, and Fleislier, for example, reported complete 
disappearance of sjnnptoms in one ease and marked improvement in another. 
Balog and Grossi arc of the opinion that vaccine treatment is the sole therapy 
capable of restoring the injured myocardium in moniliasis. Craik reports the 
successful use of alkalies, adrenalin, and potassium iodide. The roentgen ray as 
a therapeutic means has been used by Sebmidt and Howe. "Warr classes alkalies 
and iodide by mouth, and autogenous vaccines and ultraviolet rays as energy 
providers. 

SUSniARY 

A case of bronchiectasis in conjunction with MoniHn albicans has been re- 
ported, together with a brief discussion on mycotic infection of the respiratory 
tract. We are of the opinion tliat mycotic infection of the respiratory tract is 
of more frequent occurrence than i.s genorallj' believed, and that careful search 
of eases closely shmdating pulmonary tuberculo.sis in t)te absence of tubercle 
bacilli in the sputum will reveal this condition, cs])eciallv where the lesion is 
of the basal type. 

Ill conclusion, may m-c say that wc do not wish to leave the impression that 
I'e believe that Monilia was in any way responsible for the bronchiectasis, 
rather that the bronchiectasis otVei-cd a veiy favorable soil for the growth 
0 t e fungus when once it had reached the lung. Another point worthy of 
^lote IS that hronchieetasis and moniliasis, both pre-eminently basal affections 
0 t e lung, individually closely simulate basal pulmonary tuberculosis. The 
TiT diseases certainly more than doubles the resemblance. 

0 act that the specimens were not obtained directly with the bronchoscope 
not militate against the results as all possible moans were taken to eliminate 
ral contaminations. If this failure is a fault, then it is one shared bv all cases 
found in literature. 

history of the case to date is also interesting, 
patient determined hy all the usual tests (including animal inoculation) that 

Ha S'uffering from pulmonary tuberculosis, she was removed from the 

^^natorium on I^ovember 19, 1938, to a hospital in Wilkes-Barre, where her 
^ijiuses were thoroughly drained. Ten bronchoscopic drainages were 
t'liilafjf) 1 ^ same hospital. She was then transferred to the Pennsylvania Hospital, 
blie of^he' ^i^tter part of June, 1939, where Dr. John B. Flick removed the lower 

a VP ^ Because of the many and dense adhesions present, the operation 

an ^ and difficult task, but the patient withstood the operation well and 

empvpn recovery until August 1.1, 1939, at which time she developed an 

.w‘ L was instituted and a recent letter from Doctor Flick reports 

m good condition. 
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PRBIAEY ili[ALIGNANT TGAIORS OF THE SPLEEN WITH EEPORT OF 
A CASE OF lABIPHOSARCOMA* 


Charles W. Bonney, jM.T)., Philadelphia, Pa. 


T he infrequency of priinai'y malignant tumors of the spleen affords sufficient 
reason for reporting single eases as they occur in the practice of indiu na 
surgeons, or as they are found on the autopsy table by pathologists. 
tion of the literature shows that vciy few surgeons have removed moic an ^ 
tumor of this kind; and in this connection it may be staled that - 1 

reported is the only one to be found in the records of tlic Jeffeison i e lea 
lege Ho.spital. 

In 1929 Tasker Howard,' of Brooklyn, found 115 cases I'ccoroe 
literature and added another case that had occurred in liis own piac ' 
the publication of Howard’s paper, I have succeeded in finding 2 
authentic cases-'-- which, with the one here repoiled, brings the to a 
cases to 140. }],e 

Because of the rarit.y with which those cases occur, and also e 
complex structure of the spleen, classification of the lumois u^s pj 

Growths called carcinoma have been reported, but the histo o^ic . 
the spleen renders the development of a primary epithelia giou 
unless it is of the fetal inclusion type. _ ^ 

"Various names have lieen applied to tumors of the jias not 

and even at the present time it would seem that a definite c ^5 as- 

been firmly established. For instance, as late as 193 j, any of ti'^’ 

sociates studied a tumor, which, they stated, could not le p a e satiated 

classifications previously made. Because of its resemi) ance u^eventiat*!'' 
reticular sarcoma of bone marrow, they finally decided to ea 
reticular sarcoma. _ q,at a pi'>' 

Without reviewing the various classifications, it may ja the 

mary malignant neoplasm may take origin from the ^ endotheh'''' 
splenic capsule; from the reticular stroma of the sp een, 

' Presented in Abstract at the Ex-Internes and Class Reunions Clm 

College Hospital. May 31, 1930. , ,oo„ 

Received for publication, December, 1, 193 J. 



bonnet: primary malignant tumors of spleen 


631 


cells ill the avails of the blood vessels ; from the reticiilo-cndothelial cells lining 
the splenic sinuses ; and from the lymphoid tissue surrounding the arterial vessels 
as an intcrriipted sheath, known as the splenic nodules or IMalpighian corpuscles. 
The endothelial and lymphoid types arc apparently the most common, the latter 
being termed Ijinphosarcoma. Vascular grou*tIis known as malignant hemangi- 
oma, hemangiosarcoma, and liemangio-endothelioma are also of relatively fre- 
quent occurrence. 


The cafe tliat I am now reporting is that of a man, who at the time I operated upon 
him, January 5, 1028, was .qs years old. His history prior to the development of the splenic 
tumor is not' without interest, in that it shows a susceptibility to disease of the reticulo* 
endothelial system. On two occasions, first in 1009 and again in 1D21, enlarged hTnph 
nodes were removed from the inguinal and cervical regions, respectively. In the interval 
of twelve years betw’een the two operations, and also after the second operation, no evidence 
of enlarged lymph nodes was noticed in an3' part of the bodj*. 

Unfortunately, no record of microscopic examination of the inguinal nodes removed 
in 1909 was obtainable. Dr. Baxter L. Crawford, who examined the discrete cervical 
nodes removed in 1921, stated that the histologic picture was one of malignanc}' rather than 
of chronic inflammation. The possibility of IjTnphogranuloma was suggested, but it was 
definitely stated that the lesion was not typical. 

Late in December, 1927, the patient consulted me again, complaining of digestive 
di''turbance, weakness, and high abdominal pain. He stated that approximately’ six weeks 
efore his visit, he noticed a swelling, which had increased rapidly in size, in the left 
part of the abdomen below the edge of the ribs. He also stated that he had lost several 
pounds in weight during the preceding month, 

^ Examination revealed a large left-sided abdominal mass, distinctly nodular, and 
p amly splenic in origin. There was no fever, and blood examination, with the exception 
® a plight anemia of the secondary 131)6, failed to .show any abnormality’. X-ray ex- 
amination showed nothing significant, except the shadow of the splenic mass. 

Hq, performed on January 5, 1928, in the JofFcrson Medical College 

80 V ' spleen w'as very adherent to the diaphragm and had enlarged 

fol^^*^ direction of the stomach that it had obliterated the space between the 

colty G^'strosplcnic omentum. It was, however, removed without any especial difE- 

The pathologic report submitted by Dr. Baxter L. Crawford was as follows: 


Specimen con.sista of a spleen which measures 18 by’ 13 by’ 8 cm. 
and Weighs 755 Gm. The external surface of the greater part of the 
spleen is nodular, and the nodules vary in size, and are grayish red in color 
*n sharp contrast to the red color of the splenic tissue. These nodular 
area'i are extremely soft and in some places seem to fluctuate. On section 
IS seen that the greater part of the splenic pulp has been replaced by 
u es of soft gray’, homogeneous tissue, which are discrete and sharply* 
® ine at the margins. They do not appear to have invaded the splenic 
larger nodule.s the tissue is soft, yellowish gray* in color, 
large areas show necrosi.s. The small nodules are sharply defined, 
P<^®rly white in color and soft in consistency. 

g Formalin and Zenker’s fixations. Routine technique. Histology: 
ions show the tumor masses to be composed of cells which vary some- 
in size and shape, but which for the most part are round with rather 
stro^' staining nuclei and with a small amount of fibrous tissue 

There are numerous small blood vessels in this stroma. The 
argins of the tumor are sharply circumscribed, and although there is a 
' ^tion of the tissue, no definite capsular formation is observed. 
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“In the adjoining splenic tissue tlie follicles are numerous, large, 
and irregular in shape, iilany possess largo germinal centers. There 
seems to ho a considerable proliferation of the colls of the follicles. The 
pulp of the spleen appear.s practically normal. 
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Fig. 1,— Photomicrograpli of a section of the sP’^en ^ slight invasion 

tumor is above, the normal splenic Ossue below and to the leu 
the spleen along the inferior portion of the section, 

“There is no doubt that the lesion in the spleen is a ^.^jl 

plasm, but there i.s some question as to the origin and ° 
forming the growth. Becau.se of the multiplicity of t ‘O jyinphoid 

marked hyperplasia of the follicles, it is considcrec o ygjjtical as 
cell origin, even though in the tumor masses the ceils aic n 

to the size and lymphoid typo of cell. tissue. 

“In the larger nodules there is e.xtonsive ° „ but noth- 

“ Sections were also .stained to demonstrate the reticulum, 
ing unusual was showm in that structure. 

“Diagnosis: Lymphosarcoma of the spleen ( 'ig- • 

•j Il'ich to 

The patient made a good postoperative recovery an vv . i..,.,nn 


ive recovery and went oat ^ to 

few weTks! He remained i“n fairiy good health until autoum_ ^X^tiug. 'f 5- 
complain of weakness, pain in the thorax, and so ^ December 30 he 

became unsteady. These symptoms increased rapidly, and 
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Fig 2.— rhotomlcroRraph of 
the tumor la above and 


a section of .the liver (xlOO) showing invasion b>' the tumor; 
to the rlsht. the normal liver tissue below and to the left 





i »; 

i--' 

■ •.■■■■ 


/■ t 


f’llcrosraph of a section of the lung (xlOO) showing generalized invasion by the 

tumor. 

hiUted to the h 

catheterize^] n ho had complete retention of urine and had to bo 

less of sp ^ 15, 1929, there was complete paralysis of the lower extremities 

soles of the feet to the level of the timbilicus. The paralysis 
llie 'levelopinejj^^ control of both bladder and rectum and ivas soon followed by 

A„ m 5‘^^Krenous areas over the sacrum and on the loner extremities. Death 
Autr 1929. 

^'■’llowin;' Hiiniii-^r same day by Dr. Crawford. Abridging his report, the 


^'hy be made: In the liver innumerable grayish nodules of variable 
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Size and consistenej' wore found fFio- <>1 'Pi 
l«ft lung (Fig. 3), one i„ the 'n'' 

cord was removed, a n.n.ss of fnm gravis}, tLl , , '' ^ 

and upper lumbar portion.s (Fig. 5). ^ ‘ ■‘’“'■'■'’“"'ling its lower ttoeb 



is- i. Photomicrofrraph of a |cc»on of the kUlncy (XlOO) showing invasion by the tomor, 

especially above and to the left. 



^ 4 

o^ a section of the metastatic growtl, removed from the 
(XxOO) showing Its cellular stnicture. 


:pin3l oor'^ 


structure of nodules removed from all three of these organ., 
that of the neoplastic ti.s.sue dissected from the spinal cord, wa.s quite siniilnr to t « 
histologic structure of the splenic tumor previously examined -- - - 

multiple metastatic sarcoma was made. 


! 5 . 

to t* 

Therefore, a diagnosis ( 
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It is noteworthy that there was no involvement of IjTnph nodes in any part of the 
body A few of the mesenteric and TCtroperitoneal nodes were slightly enlarged, but 
microscopic examination showed only hyperplastic changes. 


With regard to early sjTnptomatology, it may be staled that malignant 
tumors of the spleen usually grow rapidly and tliat they are characterized by 
local pain, tenderness to pressure, and gastrointestinal disturliances. Very rapid 
loss of weight has occurred in some eases. 

Changes in the blood are inconstant, but Howard,' Ph’ank,'^ and McNee,^® 
making independent observations, have called attention to the fact that in 
Ijinphosarcoma the picture may simulate that of pernicious anemia. In some 
cases, however, slight secondary anemia has been the only abnormality detected 
until late in the course of the disdase; and even in some far-advanced cases 
the changes have been insignificant. 

The growth may invade adjacent structures by direct extension and give 
rise to serious complications. Thus, fatal peritonitis has followed perforation 
of the colon caused by neoplastic invasion of that structure. The pleura has also 
been involved by extension of the growth through tlie diaphragm. 

iletastascs will affect the clinical picture according to the site in which they 
occur. For example, in the case of my patient, pressure upon the spinal cord 
produced a transverse myelitis, wliieh accounted for the paralysis of the lo:ver 
half of the body, with its accompanying TU’inai*y dysfunction and infection, and 
the development of gangrene over different areas of the paralyzed region. 

Prom the surgeon’s standpoint, malignant tumors of the spleen will re- 
quire differentiation principally from benign tumors, cysts, and abscesses. In- 
aretion ^Yitllout abscess formation should also bo taken into consideration. It 
Moud seem that the majority of these tumors arc nodular, but others, particu- 
some of the endotheliomas, are smooth. Absence of the normal notches 
fonnat’"^ ^■titcrior border of an enlarged spleen should arouse suspicion of tumor 


tiire ^ is bad. In the 23 cases that I have collected from the litera- 

iire, splenectomy was performed in 15. In two other instances the condition was 
the^^ inoperable when the abdomen of the patient was opened. One of 
^ hours after operation ; the other lived for four and one- 
^onths. Of the nine who survived splenectomy, five are known to have died 
disch periods varying from a few wrecks to eighteen months after their 

‘•lonths^h iiospital. In three of the five remaining cases only a fe\v 

that 1 R ■ between operation and publication of the ease reports, so 

patient ^ h ®intement as to the ultimate result could not he made. The fourth 
a mass''' ° remained free from reciuTcncc for nearly four years, developed 
tatie flank, but it was questionable -whetlicr tlie lesion wus metas- 

'i^he fifth primary carcinoma of the colon. The patient refused operation, 
one of h and one-half years after operation. The case was 

pnfiA ^^"^^‘Cndothelioma. Death occurred in the six cases in which op- 

undertaken. 

nant tiv ^ believe lymphosarcoma to be part of a generalized malig- 

vhieh will attack other structures in the reticulo-endothelial sys- 
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tern simultaneously -with, or subsequently to, its lieginning in the spleen. Fur- 
thermore, endothelial tumors have been followed by metastasis in a very short 
time after their removal. In a few cases, hoAvever, including both types of tumor, 
there has not been any reappearance of the disease for several years after ex- 
tirpation of the .spleen ; consequently, splenectomy is advisable, provided that 
there are no signs of involvement of otlicr organs when the patient first came un- 
der observation. 

I am greatly indebted to Dr. Baxter L. Crawford and Dr. Carl J. Bucher, of the Pathologi- 
e.al Department of the Jefferson Medical Colleso and Hospital, for their cooperation in the study 
of tlie case herein reported. 
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A COMPARISON OP THE HINTON, KAHN, KLINE, AND JIAZZINI 
TESTS FOR SYPHILIS* 


Edwakd L. Breazeale, B.S.A., Robeut A. Greene, Ph.D., and 
Harry B. Harding, B.S., Tucson, Ariz. 


IT HAS lieen the practice of this laboratory to perform the Hinton, Kahn 
t standard, and Kline diagnostic tests on all blood specimens snbmittced for 
serologic examinations. Tlie specificity and sensitivity of those tests have been 
established by many comparative studies and by several nationwide evaluation 
studies. 

Mazzini' has recently described a slide te.st for syphilis which is claimed to 
be high in .sensitivity and specificity, and which has many desirable features from 
the standpoint of performance. Giordano- and his co-workers have confirmed 
Mazzini 's findings. 

Since it appeared that the Mazzini test might bo a valuable addition to our 
present procedure, this investigation was made to determine wliat agreement 
TO might secure with the four tests. 


PROCEDURE 

When specimens were received, the sera were separated and inactivated in 
sn c ectrically controlled water bath at 56* C. for tliirty minutes. TIte Hinton, 
'a n standard, Kline diagnostic, and Mazzini tests were employed in the exam- 
thL'l'^ specimen. Tlie Hinton and Kahn antigens were prepared in 

and ^ were checked against “standard” antigens for sensitivity 

' *P®aificity ; the Kline antigen was purchased from Laklotte and the Mazzini 
th "7* ^Rtnished by Mr. L. Y. Jlazzini. In the performance of the tests, 

in'm the originators was strictly followed. The results are given 

m tabks I and II, 


DISCUSSION 


(S3 93^ * ^ show a complete agreement of all four tests in 2,818 sera 

eatlie » relative agreement in 2,858 (95.26 per cent). In an 

STeed I Reported that the Eagle, Ide, Kahn, Kline, and Laughlen tests 
noted V fl ^ examined. Lack of agreement was 

J in sera which gave doubtful or weakly positive reactions, 
bock of ®Wdy agreement was slightly lower than in oiir comparison of 1937. 
Positive usually occurred in sera which gave doubtful or weakly 

stroni>l,. several cases, however, one or more of the tests gave 
L' PR®Rue reactions, while the others gave negative or doubtful ones. 

Rscelved'fn^^'^l^*' laboratory, Tucson. 

“ for publication, December 4, 1939. 
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Table I 


Complete Agreement op Hinton, Kahn, Kline, and JIazzini Tests 



NUJtBEB OP specimens 

PER CEKT 

All negative 

2,184 


All doubtful 

. 17 


All weakly positive 

309 


All strongly' positive 

308 

10.27 

Total 

2,818 

93.93 

Results not agreeing 

182 

6.07 

Complete total 

3,000 



Table II 

Relative Agreement of Tests 



number of specimens 

PER CE.KT 

All negative 

2,184 

72.80 

All shelving partial (±) or com- 
plete (+) reactions 

674 

22.46 

Total 

2,858 

95.26 

4.74 

Results not agreeing 

142 

Complete total 

3,000 

100.00 


We feel that this lack of agreement is due to tivo factors: (1) 
percentage of specimens from treated, latent, and congenital cases, n 
specimens were chiefly from clinically diagnosed syphilitics or from ^ 

negative groups. With the expansion of the Venereal Disease Contio 
an increasing number of specimens come from knoivn treated or suspec e 
genital cases. Mazzini^ and Maltaner” have shown that in such 
suits of various tests may vary widely. A comparison with the < 
supports this idea. 



All tests negath'c 
All tests doubtful 
All tests positive 
Results not agreeing 


52.3 
1.7 

14.3 
1.7 


1939 

% 

72.80 

0.56 

20.57 

C.07 


(2) With the expansion of the Venereal Disease Control i0o ‘ J 
specimens are submitted for the laboratory diagnosis of results in 

percentage come from cases of chronic, undiagnosed illnesses. r 
increase of nonspecific, or “false positive,” laboratory tests. ratory 

Much has been written about the specificity of the vaiious a ^^.jj 

for syphilis. Evaluation studies have shown that the inoie non- 
give betiveen 99 and 100 per cent negative reactions among {^, 0^11 

syphilitics, and that they will detect approximately 80 to 90 tests iTiH 

syphilitics (all types, latent, treated, etc.). In secondary sjp i 
detect almost 100 per cent of the eases. In such groups, ^jje pnit*^^ 

well within the limits of sensitivity’' and specificity’ recommen e 


States Public Health Service. 
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Table ni 

Distribution of Reactions in 382 Specimens Wiiebe Results Were Not in Complete 
Agreement 


(land 1+ leactions called doubtful; 2-1- and stronger called po5»itivc; Hinton tost reported 
as ±, or +; other tests as ±, 1+, 2+, 3+, df) 



HINTON 

+ 

+ 1 

.. 

KAHN 

+ 


IvLINE 

+ 

+ 



.M.VZZINI 

+ 

+ 

74 

43 

C5 1 

lit) 

89 

27 

72 

77 

33 1 

44 

GS 


40.7 

23.C 

35.7 

36.2 

48.9 

14.9 

38.6 

32.3 

18.1 i 

24.3 

37.3 

38.4 


Table TV 


Distribution of Reactions in 3,000 Specimens 



HINTON 

KAHN 

laiNE 

MAZZINI 

Negative 

2,25S 

2,250 

2,250 

2 9.9.R 

Duubiiui Or we.'iklv nositivc 

3(19 

415 

403 

394 

Positive 

373 

335 

341 

378 

Total I 

3,000 

3,000 1 

3.000 

3,000 


5Iany diseases other than sypliilis have been credited witli the responsibility 
of nonspeeifie serologic tests for syphilis. Among these are yaws, tuberculosis, 
malaria, leprosy, infectious mononucleosis and numerous otiicr diseases (particu- 
larly higli febrile conditions). Recently, Krag and Lonberg'* have stated “af- 
fections of the respiratory passages arc the most frequent cause of nonspecific 
reactions.’’ 


Tlie question of nonspecific reactions is complicated liy the fact that in some 
eases it is not possible to eliminate sj'philis definitely, and tlint the sera of non- 
S.T1 ilitics may contain “reagin” at times. Judging from our experience, non- 
specific reactions occur, and chiefly among presumably nonsyphilitic individuals 
10 are suffering from clironic, undiagnosed illnesses. At first, those were dis- 
misse as laboratory errors, but after an extensive scries of checks ^Yith other 
3 oratories, wc liave come to regard titem as nonspecific. 

Tables Y and VI give in detail some of the reactions given by the tests in 
sjTihilities and in presumalily nonsyphilitics. Tliese cases, where there 
^ Isck of agreement, are tlie only ones included, except for the presumably 
The diagnosis and comments arc those furnished by the 
.sieians who submitted the specimens. 

ilazzp results given in the preceding tables, the Kline and 

hoia^* employed as “screening tests'" in a series of 1,012 specimens 

college students. Tlie results are indicated in Table VII. 
'll so ^o^^eraent in this scries was 99.51 per cent; relative agreement was 

per cent. 


some r ^ Hinton tests wei’e applied to the ten specimens which gave 

^eac ion to the Kline or llazzini tests. The results are given in Table VIII. 

teen dayT recliecked iiathiu a period of from seven to four- 

^^setions ' ^ ^‘^^lov’ing sera gave negative Hinton, Kahn, Kline, and Mazzini 

6, 7, 9, and 10. The others gave the re- 

‘s Shown in Table IX. 
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Table V 


Keactioxs of the Hixton', Kahx, Klixe. Axn ^Iamixi Tf.sts ix Sera of Kkowk 

Sytuilitics 


LAB. XO. 

nixTox 

KiVHX 

imiNE 

JtAZZIXl 

REilAFvKS 

‘JlilMO 

+ 

2+ 


1+ 

Congenital 



4+ 


1+ 

Treated 

3397.0 

+ 

2+ 


1+ 

Treated 

32087 


1+ 


4+ 

Congenital 

32150 


± 

1+ 


Treated 

32.304 

* - 


2+ 


Congenital 

32331 

+ 

1+ 


3+ 

Treated 

32422 

+ 

2+ 


4+ 

Congenital 

32423 

+ 



4+ 

Congenital 

32900 


— 


2+ 

Treated 

j^jr^ooo 






1+ 

Treated 

.39303 








Congenital 

.39972 

+ 



4+ 

Treated 

40210 

— 

± 



Congenital 

40320 

40G23 




± 

4+ 

Treated 

Treated (prostitute) 

41051 

+ 

± 

3+ 

4+ 

Treated 

41224 

+ 

+ 

2+ 

4+ 

Treated 

41437 



2+ 

4+ 

Treated 

41080 

41707 

+ 

2+ 

+ 

3+ 

3+ 

Treated 

Old case, untreated 

417S5 

+ 

- 

— - 

2+ 

Treated 

425:!1 

± 

- ^ 

- • 

2+ 

Treated 

42048 

+ 

- 

2+ 

3+ 

Treated 

43o71 




1+ 

Treated 

43805 



» — 

3+ 

Treated 

43930 

43219 

43922 

+ 

+ 

+ 

± 

-- 

3+ 

3+ 

3+ 

Congenital 

Treated 

Old case, untreated 

44231 

+ 

+ 

2+ 

3+ 

Treated 

44942 

44004 

+ 

+ 


+ 

2+ 

34 

2+ 

Treated 

Priniar)-, untrea ed 
Primary, untreiitcd 

45344 

47949 

49099 

49744 

50902 

53520 

54144 

54102 

54G7S 

50113 

+ 

+ 

+ 

+ 

+ 

1+ 

3+ 

2+ 

3+ 

2+ 

2+ 

+ 

2+ 

1+ 

2+ 

2+ 

2+ 

2+ 

3+ 

3+ 

3+ 

3+ 

2+ 

1+ 

2+ 

Treated 

Treated 

Treated 

Treated 

Treated 

Treated 

Congenital 

Congenital 

Primary, untreated 

Old case, untreated 
Consrenital 

59917 

09209 

09973 

70588 

+ 

+ 

2+ 

1+ 

2+ 

4+ 

2+ 

2+ 

2+ 

1+ 

XI 

Treated 

Treated 

70770 

74040 

74071 

+ 

1+ 

1+ 

1+ 

2+ 

2+ 

1+ 

1+ 

Congenital 

Congenitju_____— — ^ 


At the time this article Avas written, further 
completed. 'With the exception of specimen No. 8, there is gooc le* 
that the reactions by sera Xo.s. 1, 2, and 3 are nonspecific. 

Tables III and lY show that the Kline, Kahn, 
proximately the same number of negative reactions, anc ^pgeted, 

o-ave f CAver negative and more positKe i-eactions. This is o i 


CAmr, 


iCAA’er negaLive auu mutt; puaiwiv. 

since the sensitivity of the Slazzini test is of the same oi 
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Tadld YI 

NoNSPECinc Reactions in Presumabia' Nonkypiiilitip Individuals 
(X o History or Clinical Sysiptoms or Syphilis) 


LAB. NO. 

niNTON 

KAHN 

KLINE 

MAZZINI 

REM ^RKS 


+ 

2 + 

2 + 

1 + 

Normal* 

27579 


_ - 

— 

2 + 

Normal 

2S835 

+ 


2 + 

+ 

Influcnzat 

2SS44 

+ 

2 + 

2 + 

— 

Endocarditis 

39402 




4 + 

Sinusitis 

40237 

+ 

± 


± 

Siniisitist 

41069 

+ 


. - 

2 + 

Normal 

41555 

+ 

3 + 

+ 

+ 

Undulant fevert 

4300S 

+ 

+ 

2 + 

3 + 

.Taundicel 

43773 

+ 

+ 


2 + 

Normal 

46520 


+ 

+ 

2 + 

Chronic ear abscess 

5835.) 

+ 

3 + 


3 + 

Tularomiaf 

59323 

+ 

1 + 

3 + 

3 + 

Normal 

60344 

+ 

-- 

3 + 

3 + 

Normal 

60353 

+ 

2 + 

2 + 

2 + 

Normal 

60362 

+ 

1 + 

1 + 

3 + 

Normal t 

C03T1 

+ 

1 + 

1 + 

3 + 

Normal t 

603S0 

+ 

2 + 

3 + 

4 + 

Norinalt 

60389 

+ 

1 + 

4 + 

4 + 

Normalt 

C91T3 

+ 

- 

1 + 

3 + 

Rocheck (No. 00344) 



1 + 


2 + 

Rcclieck (No. 0035.3) 

69191 

- - 

1 + 

2 + 

3 + 

Reclieck (No. 59323) 

71259 

+ 

2 + 

2 + 

2 + 

Normalt 


+ 

2 + 

2 + 

- - 

Normalt 


-- 

1 + 

+ 

+ 

Psoriasis t 


In connflVl?,« uesignatcs specimens irom healthy individuius. The«!o were suumitteci 

tic At thf** physical examinations of students, food handlers, civil service applicants, 
tubsfrOMeriJi.. ill’® , examination there was no clinical evidence of illness. In\ ustigations made 
H ^ i^e^’ealed no evidence of ayphllls 

tests. ' that another specimen, submitted at a later date, gave negative reactions to all 


Table VII 


_ _ Kline and Mazzini Te.st.s on Sera From College Students 


NUMBER 

OF SPECIMENS 

PER CENT 

Kline negative 

Kline an! Ar po.'’itive (complete agreement) 

Klire l>oth positive (partial agreement) 

ana Mazzini not in agreement 

1,028 

98.05 

9 

0.8G 

3 

2 

0.29 

0.20 

Total 

1,042 

100.00 


Table VIII 

Kline, and Mazzini Reactions on Sera of College Students 



HINTON 

KAHN 

KLINE 

MAZZINI 

0 

+ 

1 + 

3 + 

3 + 

3 

+ 



3 + 

3 + 

4 

+ 

2 + 

2 + 

2 + 

5 

+ 

1 + 

1 + 

3 + 

G 

+ 

1 + 

1 + 

4 + 

7 

+ 

2 + 

3 + 

4 + 

8 

+ 

1 + 

4 + 

4 + 

0 

+ 

2 + 

4 + 

4 + 


+ 

+ 

2 + 

2 + 

2 + 

2 + 

2 + 
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exclusion test. Table IV shows a good relative agreement between the Kline, 
Kalm, and Hinton tests. 

Table V confirms the rasuHs of Mazzini^ and Giordano^ as to the scnsitiriij 
of the itiazzini test, and also sliows, as have Mazzini^ and Maltaner,' that mssy 
persons luiown to iiavc syphilis may give po.S!tive reactions Avitli one or more tests 
and negative reactions with otiicrs. It is interesting to note that in sneh esses 
a less sensitive test may often give a positive reaction, while a more sensitive 
test may be negative. 

Table V also shows the advantage of the use of a system of mnltiple tests, as 
suggested by PieveeS‘ The use of sueJi a system lias been criticized by several 


authors on the grounds that conflicting results are of little value to the phy- 
sician. After all, he is the final .iudge of the laboratory report and most in- 
terpret sucli results in the light of clinical evidence. Although Table YI shmvs 


few cases which are presumaldy “false positive,” or nonspecific reactions, there 
are many instances where clinically diagnosed cases of syphilis give similar 
conflicting results with the various tests. Prom tliis e.vperienee, we feel that the 
use of a multiple test system is warranted, and tliat conflicting results from 
several tests should irot necessarily be regarded as a limitation of any particnar 


laboratory lest. 

It is our opinion tlial as the Venci'cal Disease Program continues to expan , 
there will Im an inci’casc in the type of re.sults given in Table Vj nn'i * ™ 

appreciation of this fact will load to a better understanding between tie a 


oratory and the clinician. 



SUJWABY 

These results confirm the ftnding.s of Mazzini and Giordano as to the sp 

ity and sen.sitivity of the Mazzini test. Jiiuanstfe 

Since the Mazzini test is more sensitive than the Kline and va ^ 
tests and the Hinton test, it gave a lower incidence of negative reae lo 

higher incidence of positive findings. , ^ -eement of 

The Kline, Kahn, Hinton and Mazzini tests gave a relativ e aA 
approximately 95.26 per cent, and an absolute agreement of 93.9 
an additional series of 1,042 specimens from college students, t 
Klazzini tests gave a relative agreement of 99.8 per cent and a com 

ment of 99.51 per cent. _ . . g„tioiied. 

The occurrence of nonspecific (“false positive”) reactions ! ,, jjggjjosd 
The occurrence of conflicting results of various tests in e nnea 

cases of syphilis is discussed. • i t t sv'stcm- 

The results, in our opinion, justify the use of a 
In our opinion the Mazzini test is an excellent test for t le 


nosis of syphilis. 


ilio antte'” 
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BACTERIOLOGIC DIAGNOSIS IN GONORRHEA OF THE JIALE* 


Axel Gronau, St. Louis, jMo. 


BACTERIOLOGIC study of 221 patients with genitonrinarj" infections is 
presented, and a comparison is made l)etween the efficiency of the smear 
met od and the cultural method as a means of diagnosis. These patients were 
repeatedly examined over a period of eight montlis. A total of 819 bacteriologic 
examination consisting of smear and culture, were made on 
6 patients, of whom 160 were definitely pi'oved to liave gonorrhea by bac- 
enoogic examination as well as by clinical evidence. Sixty-one patients M’ere 
mimed to have some genitourinary infection other than gonorrhea and, ■while 
e actual cause of the infection was not established, at no time were gonococci 
found either by smear or culture. 


METHODS 

smears consisted of uretliral discharge, sediment of 

heted secretion, obtained after massage. The material was col- 

thft «i distributed with rolling or streaking motions over 

glass slide. 

Pfocedwre; Eucker’s staining method, which we modified by em- 
used chloride as a fixative and acetone as a decolorizing agent, was 

one mi that mercuric chloride in 1 per cent solution applied for 

u e to the smears would preserve the details of the cells e.speciaUy well, 
and CO In attempting to grow gonococcus the work of McLeod 

liie sn / Leahy and Carpenter,^ and Carpenter,^ was taken into account. 

M'cre the same as those for the smears, were 
file material^ ^forile swab. The swah was then placed into 1.5 c.e. of broth, and 
- — ^ ou the swab wa.s suspended in the broth. For technical reasons it 

DactcrioloB^’ and Immunolosj’. AVashington University School 

•*<liool of Me^cinp by a special allotment of fund.s to the Washington Univer- 

n'^clved for n. It- ^ United States Public Health Service. 
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lYas not possible to plate out tlio material at once, but tlie broth suspensions mte 
exposed to room temperature for one and one-half to two hours liefore being 
cultured. Only in a very few eases was the glans penis cleaned, since in most 
cases there was not .sufficient time to do it. By proper manipulations a large 
number of contaminations could be avoided, so that the contaminants grorag 
on the plates would not interfere with the growth of the gonococcus. Cultures 
were taken only after the patients had .slopped treatment for four to five days, 

A 5 per cent rabbit blood chocolate agar was used, with hormone hrotiiasa 
base. The hiood was added to tlio agar, kept at a temperature of between 10' 
and 8,5° C. The final agar concentration in the medium ivas 1.7 per cent. The 
chocolate agar plates ivcre ke]il in the icebox. The.v were not used when older 
than three day.s, since it was found that only a high amount of moisture would 
guarantee satisfactory growth. 

Some of the broth .sn.spcnsion ivas placed on the medium by means of tk 
swab and was then streaked out with the loop. Incubation ivas effected at 36 C. 
for about forty hours undei- 10 per cent carbon dioxide tension. 

After forty hours’ incubation the plates were inspected, and colorless, 
opaque colonies with irregular edges wci‘e touched with a drop of a 1 p® cent 

watery solution of para-amino-dimethyl-anilinc-monohydrochloride (Eastwan 

Kodak), iH'epared frash as .soon as the solution sliowed some precipitate. 
solution ivas kept in tlio refrigei-aior. If no suspicious colonies 
mere inspection, tiie entire plate was flooded w'itli the solution for a moment, an^ 
then the excess solution was poured off. Gonococcus colonies gave a 
idase reaction; the colonies turned pink in about ten seconds, and in tie co ^ 
of some minutes gradually became black. Gram-stained jn’oparations 
giving a typical oxidase reaction were invariably found to consist o 
negative diploeocci. The oxidase reaction does not interfere witi tm 
teristic staining properties of the gonococcus. _ j, 

will give the oxidase reaction. 


Besides gonococcus, other organisms 


With 1**® 


most of the memhei-s of the Noi.sseria group will give this 
exception of the meningococcus, ivhose colony cannot he veiy we 


from the gonococcus colony on a chocolate agar medium, and which also b’ ^ 
oxidase reaction very similar to that of the gonococcus, 


the other members oft 


Neisseria group can be easily recognized from the gonococcus ' {fjom 
1 — „ ii oxidase reaction that is somewha 


iffth 


characteristics ; they also give an 
that of the gonococcus. 


Qgfflsionall' 


While diphtheroids do not generally give the oxidase reaction^ 
colonies of gram-positive rods, ivhich ive assumed to be diphtheioi ^ 
to change their color when the oxidase stain was applied to t 
besides being gram-positive, they could be differentiated casi 3 grayi'^* 

coccus, giving an absolutely atypical reaction, and turning to a c julde 

black after fifteen to twenty minutes. 'When these colonies j,p any oi 

wdth the loop, the underlying medium w-ould generally not ime 
the dark color, -whereas the medium under gonococcus eo onics, < „pj]ococca* 


the 


oxidase reaction, would also be .stained black. Purtheimoie, 



GRON’AU: BACTERIOLOGIC DIAGNOSIS IN GONORRHEA OF MALE 


645 


colony is pushed aside, a distincilj' positive oxidase reaction may l)e obtained 
by applying the oxidase stain to that place of tlie medium wlicre the gonococcus 
colony had been before. This -we found did not occur with diphtheroids wliich 
gave the atypical reaction just mentioned. 

In 41 cases where colonie.s on the basis of their morpliologic oliaracter and 
on their property of giving a typical oxidase reaction were thought to be gono- 
cocci, the suspected colonies were isolated in pure culture and fermentation tests 
on an ascitic fluid agar sugar medium, as well as sodium hydroxide solubility 
tests, were done. In every case the tests gave the reactions cliaracteristic of 
gonoeoccris. Besides, as a furtlicr control, all the 41 cultures were transferred 
to a 7 per cent horse blood agar plate and incubated at 23° to 24° C. for forty- 
eight hours, hut without the adjustment of carbon dioxide tension. "Witli the 
exception of two strains the organisms failed to grow. 

On the basis of these preliminary finding.s in a subsequent routine pro- 
cedure, all colonies, which resembled gonococcus colonics by inspection, by 
typical oxidase reaction, and .showed gram-negative diplococei were considered 
to be gonococci without using fermentation tests as a moans of further identifi- 
catioii, provided these organisms were derived from the genitourinary tract of 
a male with a typical history indicating gonorrheal infection. 

We are aware of the po.ssibility that this method might fail to differentiate 
meningococci from gonococci ; but in view of the rarity of meningococcal infec- 
lon of the male genitourinary tract, 'vve thought it justifiable to give out a report 
positive, without going through the very time-consuming procedure of first 
8roi\mg the organisms in pure culture and then running fermentation tests, 
ron mg our previously stated criteria of gonococcus were satisfied. 

MF.THOD OF REPORTING 

^ was reported as when gonococcus colonies were 

Sm^ when no such colonics were found. 

^iploer*^*^^'. ^ reported as wlien intracellular gram-negative 

-occi gonococci were foiindj as “±” when gram-negative diplo- 

"onococei were found exti’accllularly ; as “0” when such or- 
s were found neither intracellularly nor extraeellularly. 

^ RESULTS 

examinations, employing both culture and smear mctliods 

Stain 1 patients, 

^ culture agreed in 722 instances, or in 88.16 per cent, 

btain 


Cnitute = 16.73% 


Stain 


Stain „„ 2^85 = 71.43% 

Mlture disagreed in 97 instances, or in 11.84 per cent. 

Sta,n 0| 

Cultufe +1^0 = 3.66% Stain 

Slain +1 

Culture = 1.59% Stain 

Culture 


+j5 = 0.61% 

u-e 
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The presence of gonococcus was revealed liy either smear or culture method, 
or bolli methods, in a total of 385 instances of the 819 examinations. Therclatue 
efhciency of the smear or culture method for detection of the presence of gono- 
coccus may be calculated from the following figures, taking the number ISa as 
100 per cent deficiency; 


Stain 

Culture 

Stain 

Culture 


137 74.05% 


13 


7.03% 


Slain 

Culture 

Stain 

Culture 


0 


:} 


•30 = 16.22% 


2.70% 


-Difference 13.527c 


Thus, we see that there is a decided .superiority of 13.52 per cent of the 
cultural method over the smear method. In other words, in 13.52 pei cent 
the culture method detected gonococci, when the smear method failed to do 
so. In addition, in 7.03 per cent the culture method definitely leveale gono- 
cocci when the smear method was doubtful. 


Three of the 5 


stain + occurred during the first two months of 

...... ... .... . 0 tniclin.,s oecunea uu i 

our investigation, when we were not as f.amiliar with tlie grow i 

gonococcus as we were later ; and it. is believed that in these instances ^ 

of the gonococcus to grow' might have been due, pcrliaps, to too ioiio s f 

the medium wdth a subsequent loss of moisture. _ , 

As we Imve already stated, the report “±’' referring to 

“gram-negative diploeocci, resembling gonococci, situated 

Thus, in reporting a smear as “±,” it was necessary in the ^vei'c 

Avhether the extracellular organisms 'were gram-negative, tlien w e le 

diplococei, and finally wdiether they resembled the gonococens. « 

an easy matter to arrive at the I'cport “±,'’ there is a consicer. . 

smears wdiere the decision is difficult, and the personal equation ei^^ gfjjphylo- 

other phase of the -work. In many smeai’s Avhere the cultiue cocci, 

cocci and diphtheroids only, the smear showmd besides giam in 

that were not definitely gram-positive or gram-negative, assoenn g^aphylo- 

diplococeus formation. The decision -whether these organisms ai . 

cocci, which just did not stain as AVell as the otliers, or w le 

regarded as being possibly gonococci, is entirely a matter pei 

and even the same observer looking at a given smear to aj ma 

ferent decision tomorrow. see 

Taking the total of 819 smears and cultures as 100 per cc 
in 62 instances (7.57 per cent) the smear was reported as positive 

instances (1-59 per cent) the diagnosis was settled by the s 


X lA -m'AVpd to 

culture. In 49 instances (5.98 per cent) the culture p were «' 

These 49 doubtful smears occurred on 43 theW 

o-arded as being affected -mth some genitonnnary infect . , j,jea. The othe 
and on whom at no time a definite positive finding had icen 
32 patients had clinical gonorrhea confirmed on cnlt«ve- 

bi who at a later date exhibited a “±” smear along with a ne.a 
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It was atfiist difUeult for us to correlate the “+” findings of the smears with 
the simnlfaneous negative findings of the cultures, since it may have been pos- 
sible that the suspicious organisms found in the smear were gonococci, which 
just would not grow' under the conditions to which they were subjected bj’ our 
methods. However, when more data were available, it was felt that in judging 
whether the organisms responsible for the ‘‘±” report of a smear were gonococci 
or not, the deciding factor should be the cnltui'c, in the sense that if no gonococci 
were found on the culture, the suspected organisms in the smear should not be 
assumed to be gonococci. This assumption seemed to be justified by the follow- 
ing reasoning; It was very unlikely that in the case of a doubtful “±” smear 
and a negative culture we would deal with a strain of gonococcus that would not 
grow under our methods, since a positive culture was obtained in every ease 
where the.se patients .showed a definitely positive smear on admission. 

IVe further undertook a follow-up study of the patients who exhibited a 
.stain + 

culture 0 fte irlta that if the suspicious organisms in the “+” 
smear were gonococci, the sjuiptoms of the patients might again exacei'bato and 
culture and stain become positive. The findings of tiiis study are as follows: 

In the largo majority of patients there were several reports of negative 
smears and cultures preceding tlio “±” smear. Five patients were found un- 
satisfactory for any analysis, eitlicr because tlie.v did not return or because they 
showed themselves to bo exposed during the time of observation. Twenty-six 

patients, of whom 12 have been definitely dismissed as cured, showed only 
slam 0 . + 

culture 0 ™d*i'gs after the g report. Fourteen of the 2G patients 

hat e not been dismissed at this time, and show repeatedly a cS.ture 0 

gftcf flio i 

® culture 0 ^[ost of these liave been piit through provoca- 

uieaaiires as massage, introduction of sound, permission of alcohol and 
''s, without either culture or stain becoming positive. Three of the 14 pa- 
cu s not yet dismissed had, we believe, reinfections. For a period of two and 

ac half to three months after the g r'®Po*'f. during w'hich these patients 

"'ere repeatedly, no positive or “+” findings occurred. These patients 

with permitted to stay away for twenty-eight days ; they returned 

prophybi.r™**^ patients admitted exposure without 

stain^"*' patients was there a ^ finding after the 

culture 0 report. 

“a the*' H'at thi.s method of analyzing the significance of a “±” finding 
"■c thoiwht^i studies is very imich open to criticism. However, 

Ite " aume additional information might thus he gained. 

'a'aminatr™'" "■'e sec that in only 5 instances of 819 hacteriologic 

siuiultan' of 0.61 per cent, where the stain was positive and 

'*>11 the aiiltiirc was negative, did the stain detect something important 

aalture did not reveal. 
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CONCLUSIONS 

1. A total of 819 liactei-iologic examinations, employing simultaneously cul- 
ture and smear methods as a means of diagnosis, were carried out on 221 pa- 
tients. 

2. TJio culture and smear methods agreed in 88.16 per cent and disagreed 
in 11.84 per cent of the eases, taking liio 819 examinations as 100 per cent. 

3. In 185 instances the p)'c.senee of gonococci was revealed by cither smear 
or cnlture, or both mctliods. Taking the nnmlrcr 1S5 as 100 per cent efficiency 
in detecting gonococci, ive find that the culture was able to dotoet gonococci in 
13,52 per cent, when the smear definitely failed to do no . In addition, in I 
per cent, the euituve definitely revealed gonococci, when the smear was douhtfiil. 
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EXPERIMENTAL THROMBOCYTOPENIC PURPURA IN THE 


GUINEA PIG*' 


Maurice E. Leonard, 1\LD., and Erne.st H. Falconer, M.P- 
San ]''rancisco, C.alif. 


S INGE Wevlhof first gave an accurate clinical description of ^ 

cytopenic purpura, it has been known that a marked reduction of t ic 
lating blood platelets i.s a eharactcrislic feature of the condition. 
students of tliis disease believe that other factors must be in operation to 
the clinical picture, and it has been assumed that some change in the capi 
must be the ultimate cau.se of tlic leakage of blood through them. played 


This study was planned as an attempt to e.slimate the relative i 
by the blood platelets and the capillaries. Our approach to the pro 
follows: (1) by pi'oducing thrombocytopenia, and (2) by prodnciUe 

capillary fragility. _ _ investigators 

Experimental Production of Throinhocijtopenia. — Nnineions^^^ 
have studied the effects of various .substances upon blood platelets. pj,oJuce 
Duke- was apparently the first, in this country to attemp 

lie used beiw-ol. Lcrw . 

school, sm FraarW'’- 


thrombocytopenic purpura, and for this purpose 

■'From the Department of Slecltclnc, University ot California Medical 
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in 1914 reported the results of an experiment in which lliroinbocytoponic pur- 
pura was produced in "uinea i)igs followiii" injections of an antiplatolet scrum 
which was capable of selectively dcstroyiinr circulatiiiji platelets. Ledingham 
and Bedson/ and Bedson, after stiulyiii" the proi)erties of this serum, 
concluded that it contained a specific antibody capable of lyzinjr and ap:"lutinat- 
ing blood platelets in vivo, without affecting: the other formed elements of tlie 
blood. Tocantins'' ® studied the throinbocytopeiiie purpura produced in dogs 
with an antiplatelct scrum, and more recently Troland and Lee-^ produced 
thrombocytopenic purpura in rabbits with an extract obtained from the spleen 
of patients with thromhocytopenic purpura. 

Production of Increased Capillarif Frnf/ilitn . — Our problem 
was to find a method for producing capillary damage that could be maintained 
over long periods, tliat would in it.self not cause juirpura, and that could be 
controlled to some extent. AVe employed vitamin C deficiency as the method 
tliat best fulfilled these conditions. Our attempt was to produce vitamin C de- 
pletion without reaching tlic point of definite clinical scurvy, A^itaniin C has 
l)eon regarded by many as an important factor in t!ie hemorrhagic diseases, from 
iwth the ctiologic and therapeutic .standpoints.”' In recent yoai-s capillary 
fragility has been employed extensively as an indirect measure of the degree of 
vitamin C storage.®®’^^ 


jn antiplatelct serum was prepared in the following manner; One hun- 
were obtained from guinea ]>igs by cardiac puncture, 
le lood was collected in an equal volume of 3.8 per cent sodium citrate in 
orma salt solution. Tiic platelets were extracted from tlie solution by frae- 
centrifugalization, and after being suspended in 10 c.c. pliysiologic salt- 
ution, W'cre injected intravenously into a rabbit. Tliis procedure w’as carried 
at intervals of five to seven days, until the rabliit liad received from three to 
SIX injections. At the end of this time tlie blood was wiliidraAvii from the rabbit 
> cai iac puncture, stored in the refrigerator overnight, and the scrum sepa- 
collected in sterile bottles. Because it was found tliat the anti- 
lost potency in a relatively short time, all subsequent sera ivere 
P n ized according to the technique of FIo.sdorff and jMudd,*“ 

determinations were made witli standardized Sahli instru- 
equal 13.8 Gm. of hemoglobin per 100 c.c. of blood. 
^ leucocyte counts were made with standard pipettes and a 
^lates^B^ ^^^unting chamber, all instruments being standardized by the United 
chamb Standards. Platelets xvere counted directly in the counting 

andEcL^ 1:100 in the standard red blood cell pipettes with Eeeso 

Ihe ^^dd.^ A period of ten minutes was allowed to elapse from the time 
V'as placed in the counting chamber until the count was begun, 
ifie da^S'l wms measured by the Dalldorf technique,®^ employing 

^^domeii' instrument. AVe used the skin over the lower portion of the 

teadmf>s'\\V^^^ carefully shaved at least twenty-four hours before the 
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Twelve young guinea pigs, jveigliing between 200 and 300 Gm., vere ckn. 
Six were segrogaied and placed tipon a diet consisting of baked skimmed Bilk, 
30.0 per cent; butter fat, 10.0 per cent; rolled oais and bran, 56.0 per ee»{; 
sodium chloride, 0.5 per cent ; Osborne and Mendel salt mixture, 1.5 per cat; 
dried yea.sl, 1.0 per cent ; and cod-liver oil, 1.0 per cent. This group vas desig- 
nated as the scurvj' (S) group. 

Six animals were placed upon a diet consisting of barley, alfalfa, salt, aad 
greens (lettuce and cabirage) supplemented with 2 e.c, of orange juke daily. 
This was designated as the control (G) group. 


Table I 

Effect of Diet ox Weight, Bi.ood, axd Cavii.t.auv Fuagiuty of Bvwea Pigs 


1 

TWO GUQl'PK or SIX 
OnXEA PKiS EACTI 

AKIMALS OX ADEQUATE YITAMIX C 
1>^£T 

AXI.MAI.S O.V VITAMI.V C BOTntXt 
DIET 

XUMBEa OF 

I DETERMI- i 
1 XATIO.V.S i 

STAXDARD 
UEVIATJOX i 
± F.E. 

ME AX 
± P.E. 

XG-MDER OF 

DETERIII- 

XATIOXS 

STAXDARD 

DEVIATIOX 
± P.E, 

MEW 
i T.Z 

mtsss 

73 + 0.65 
5,370,001) i 
dG, 0C0 
pCOOtoSO 
460,000 + 
17,693 

It la cm. _ 

WeigAt in grnms 
Hemoglobin peTcontnge 
Erj’throc 3 ’tcs 

Leucocj’tes 

Platelets 

CapiUarj’ fragilitj' 

40 ! 

.^4 

oo 

3I^ 

1C> 

114 + 8.0.5 
4..tC + 0.36 
! 310,000 + 

1 20,400 
2130 + 178 
107,500 + 
7,100 

0 - 5 at 

371+77 

1 74 + 0.4D i 
15,040,000 + 

1 33,000 

1 0100 + 240 
' 473,000 + 
!),730 

15 cm. 

20 

30 ; 

37 ; 

30 

47 

10 

57 + 5.3 ' 
5.93±0.4i 
500,000 1 
30,400 
4050 + 372 
! 178,000 + 
12,500 

3 - 35+ 1 


EXPERUnjNTAL 

JSfeef of Diet on the Weiffht, Blood Picture, and Capillar!/ Fra!/H«!f «/ 
Guinea Pigs . — The results are shown in Table I. There was a definite 
of vitamin C deficiency on growth. TJiese animals were at the age when rapi 

growth is expected, and, altliougli the vitamin C deficiency aniroals shove k)® 
increase in weight, it was neither as uniform nor as great as that sho'ivn J 
animals receiving vitamin C. 

The values for hemoglobin, erythrocytes, leucocytes, and p a 
were statistically similar in the two groups, whereas the capiHa^'J j 
showed considerable difference. The rdtamin C deficiency animals s 
distinctly greater capillary fragility when measured hy the Dalldoi n 
The effect of the deficiency Avas more marked on the capillaries than o 
formed elements of the blood. , 

Effect of Antiplafelct Serum on Guinea Pigs With Vitamin 
With High Vitamin C Diets . — Six guinea pigs, three with vitamin 
and high capillary fragilitj^ and three on diets high in Autamin p ® 
capillary fragility, were chosen. The animals were given antip a 6 ^.^,j.gjved 
intraperitoneaUju Four received 0.2 c.c. and two of the the 

0.3 c.e. The results (Table II and Fig. 1) were strikingly similar 
injection of antiplatelet serum, the average platelet count was 6 , ^ 
millimeter in the vitamin C deficient animals and count 

in the control animals. Twenty-four hours after the injection P 
had faUen to 70,000 and 40,000 per cubic miUimeter, respectiveiy. 
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associated with the appearance o£ purpura, increased hleedini; time, and poor 
clot retraction. The clot was so soft and friable that twenty-four liours after 
the previous skin puncture, the clot could bo wiped away and persistent oozing 
would follow. Forty-eiglit hours after the injection, the platelets began to in- 
crease again, reaching by tlie fifth day 380,000 per cubic millimeter in the vita- 
min C deficient animals and 400,000 per cubic millimeter in the controls. A 
second injection of the serum (0.2 e.c.) again produced a rapid drop in plate- 
lets; this was followed by the appearance of purpura. Tlic platelet drop was 
very marked within six- hours after the injection, but was maximal at twenty- 
four hours. 



Two of the animals (control) died, one forty-eight liours and one fifty-two 
Srs after the injection. Necropsy showed bleeding into the internal organs 
serous membranes.^ Death was apparently due to exsanguination. In all 
survniug animals the purpuric lesions disappeared in from three to five days. 

Ejfect of Normal Babbit Serum on Guinea Pigs DcfirAent in Vitamin G . — 
1 Older to determine whether normal rabbit serum had any effect upon blood 
P Welets, injections ranging in dosage from 0.2 to 1.0 e.c. were given to five 
^annals with vitamin C deficiency. The data are shown in Table III. There was 
variation in the platelet levels and no evidence of a bleeding 
of ‘i'^flnitely indicates that (1) the platelet-destroying property 

will ^ not inherent in the rabbit serum; (2) normal rabbit serum 

not alter the capillary permeability sufficiently to cause bleeding. 

: I’if increasing Doses of Antiplatelct and Normal Rabbit Scrum on 

ini r”* ^ Guinea Pigs. — Two vitamin C deficient animals were given 

ions of antiplatelet serum in increasing doses, ranging from 0.05 e.c. to 
suit was given normal rabbit serum, in the same manner. (Re- 

“5 are shovui in Tables IV and V and Pig. 2.) The smallest dose (0.05 c.c.) 


Table li 


animal 

AMOU.XT i; 

c.c. 

IXTEKVAL 

AI-’TEB 

injection 

nATEmrs 


0.2 

Before 

2d hr. 

500,000 

08,000 

s-n 

0.2 

48 Jir. 

2 days 

4 days 

0 (lays 
24 hr. 

4S hr. 

•'1 days 

120,000 

182,000 

204.000 

32.000 

80.000 

202.000 


0.2 

Be fore 

24 lir. 

0.02,000 

02,000 

S-I2 

0.2 

.‘1 days 

4 days 

0 dar.c 

24 hr.' 

175.000 

278.000 
4-4,000 



4S hr. 

142,000 



.2 (Inys 

282,000 


0.2 

Before 

24 hr. 

504,000 

80,000 

S-B3 

0.2 , 

48 hr. 

2 days 

4 diiys 
u days 

24 hr‘ 

104.000 I 

210.000 I 

408.000 
12,000 r 


1 

4S hr. 

2 days | 

02,000 SS’ 
224,000 P 


kemauks 


J3iitii-e body covered ryitli poteddae snd par- 
punc spots. Blooding time prolonge.] 
|jNo fresh pefechiae 
Pefcvliiae fading 
I ctecliiae gone. Ecchynioses fading 

|B!i(ire skin covered with fresli petecliiaD 
Pctochiac starting to fade 
iPetccliiac gone 


Entire body covered with purpuric spots. 
One on btick d cm. in diameter 

[Hpuiorrliagic i^potg fading 

Eccliymose.s fading but. still visible 

Spots futlcd 

Entire body covered with fresh spots aii3 
pin-point pefechiae. Bleeding time pro- 
hmged 

i’eteviiiae fading. Bleeding time not pro- 
longed 

\‘fpcduac gone. Eech_vntoses sti ll visible 

iody covered with purpurie spots twil 
fine potechinc. Bleeding prolonged. Ani- 
mal lively 


and 

over 


ng prolonged, 
small bright 
entire body 


till visible 
one 

Pin-point pcfcchine 
red ecchrmotio spo*-' 




'T or ANTiPi.ATEr.r.T .Seuum ox Goixea Pjg.s ox Hmii Vitami-x C.Iktakf- 


C-11 

0.3 

Before 

0 hr. 

24 hr. 

48 lir. 

550,000 

48.000 

40.000 

Ear bled foi- nne hovir after puncture 
Blood still oozing from ear _ 

Animal dead. Organs exsanguinated, 
eliymoso.s into* pericardium, lungs, ® ’ ’ 
renal cortices, and wall of stomacu “ 
bowel. Stomach tilled with blood oiot — . 

C-12 

0.3 

0.2 

Before 

0 hr. 

24 hr. 

2 days 

3 days 

4 days 

0 days 

7 hr. 

24 hr. 

48 hr. 

4 days 

700.000 

90.000 

50.000 

120.000 
110,000 
180,000 

408.000 

72.000 

60.000 

244.000 

548.000 

140 bleeding 

Skin coyered with pctccbiae and ecenj 

Ifo fresh purpura . -Uj 

Peteebiae fading. Eccli3'n!Oses still 
Purpura fading 

Ecchvmoscs gone 

Ear bled excessively from puncture 

Skin covered with fresh petechiae 
Peteebiae fading 

Peteoliiae gone 

C-13 

0.2 

Before 

0 lir. 

24 hr. 

48 hr. 

50 hr. 

800,000 

04.000 

56.000 

I 

Ear bled profuselj- from puncfuie 
dozing at site of former 
covered with petechiae ond < o 
chj'motie areas 
loribund 

dead. Bled into skin, serous nnm • 
lungs, pancreas, liver, ston!aclL_a_^_ — 
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Table III 


Effect of Normal Rabbit Serum on Guinea Pins "With Vitamin C Deficiency 


ANIMAL 

AMOUNT IN 

C.C. 

interval 

AFTER 

INJECTION 

PIATELETS 

REMARKS 

N-1 

0.2 

0.4 

Before 

G hr. 

24 hr. 

G hr. 

24 hr. 

580.000 

400.000 

428.000 

400.000 

365.000 

No evidence of bleeding 

N-2 

0.2 

0.4 

Before 

G hr. 

24 hr. 

G hr, 

24 hr. 

585.000 

046.000 

542.000 

570.000 

520.000 

No evidence of bleeding 

K-3 

0.2 

0.4 

Before 

6 hr. 

24 hr. 

G hr. 

24 hr. 

620,000 

012,000 

034.000 

510.000 

570.000 

No evidence of bleeding 

K-4 

0.8 

Before 

G hr, 

24 hr. 

408.000 

400.000 

480.000 

No evidence of bleeding 

N-5 

1,0 

Before 

0 hr. 

24 hr. 

ttl 

No evidence of bleeding 


Table IV 


Effect of Ikcreaseb Amounts of Aktiplatklet Serum on Guinfa Pkis With 
Vitamin C Deficiency 


AN’nm 

AMOUNT IN 
o.c. 

INTERVAL 

AFTER 

INJECTION 

PI.ATELETS 

REMARKS 

S-IG 

0.05 

0.1 

0.2 

0.3 

Before 

G hr. 

24 hr. 

G hr. 

24 hr. 
Before 

0 hr. 

24 hr. 

G hr. 

24 hr. 

740.000 

700.000 

254.000 

252.000 

100.000 
308,000 

94.000 

88.000 

90.000 

70.000 

No evidence of bleeding 


0.05 

Before 

G hr. 

400.000 

370.000 


S-I7 

0.1 

0.2 

24 hr. 

G hr. 

24 hr. 

6 hr. 

24 hr. 

304.000 

222.000 

56.000 

40.000 

34.000 

No bleeding 

Prolonged bleeding time. Fine 
petccUiac scattered over entire 
body 


^0 280000^'^^^^ -was followed by a drop in the platelet level (from 570,000 
^''olloiv* niillimelcr), hut this was not regarded as being significant. 

^* 1111 ) 10 ”'' ^^jeetiou of 0.1 C.C., the platelet level dropped to 75,000 per cubic 
level^^ doses produced no further significant decrease in the plate- 

^'lecdin ^ required to produce purpura and increased 

^‘'*0 tiine. 
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PolloBRug injections of serum from a normal r'lliLU n ^ 
cant change in the level of ])lood platelets Thnvn ™ ™ 

368,000 10 650,000 per „„„ie (T„Me V ILllirSi™"'”"'? 

«.o proOaOin,. oO po„„a. roriallo.., . ll^- “ 

Apparmitly the maximum effect of the antiplatelet serum cannot be ex 
- edecl by increasing the dosage, hut is juiiereiit in the potency of the sernn, 

Tabae V 

ErPEor OP Lvceeaseb Amounts or .Yok.ui, HABorr SmcAr o.v Geevea Pig IVuh Tnnn.v 

C PEFiriEKCV 


aniaial 

AMOUST IX 

C.C. 

interval 

after 

IN.IECTION 

PLATELETS 

remarks 



Before 

020,000 



0.03 

0 hr. 

000,000 




24 hr. 

050,000 



0.1 

0 hr. 

014,000 




24 Iir. 

550,000 

No evidence of bleeding at any 

S-15 


Before 

368,000 

time 


0.2 

0 hr. 

400,000 




24 lir. 

450,000 



0.3 

0 hr. 

400,000 




24 hr. 

400.000 



Table VI 

Eftoct of Anwplatelet Sebum Diluted With Nohmal Eabbit Sebum ox Platelets or 

N'ormal Guinea Pigs 


anijial 

AAIOUNT IK c.r. 
ANTI- NOR.MAL 

PLATELET RABBIT 
serum SERUM 

- interval 

AFTER 

INJECTION 

PLATELETS 

remarks 

P-1 



M 

No bleeding 

Sivin covered ivitb peteebiac 
Blcedinsr time prolonged 

P-2 

0.2 + O.S 

0.4 + 0,6 

Before 

24 hr. 

24 hr. 

250,000 

00,000 

28,000 

A feiY scattered peteebiae behind (in’ 
ears , 

Numerous petechiae and severe 

1 cbvmoscs 

P-3 

0.5 + 0.5 

Before 

24 hr. 

4S hr. 

480,000 

44,000 

Dead 

Skin .and mucous membranes corered 
with petechiae and ecclipwofcs 
Bleeding time prolonged 

Peritoneal caiafy fitted trith fi j 

The serous inenibrancs were 
with ecch>Tnoses . — ' 

p'i 

0.7 + 0.3 

Before 

24 Ur. 

536,000 
24,000 i 

I 

Skin covered with pctcehiiie and 
clij’inoses 

Bleehng time prolonged — _ — ^ 


TTc 

Bffcct of Antiplatelet Serum Diluted ^Yith Normal NaWit Sennit- 
attempted to find whether dilution wonld result in loss of potency and " 
the admixture of normal serum would result in changes in the antiplatelet pW 
erties of the antiplatelet serum. Four normal guinea pigs were given nuecfw 
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of mktures of antiplatelet serum and normal rabbit serum. The total volume 
of serum injected was 1 c.e., of which the antiplatelet portion ranged from 0.1 
to 0.7 c.e. There was no difference between the response to the mixed serum 
and that which had been observed using the straight antiplatelet serum 
(Table VI). IVlien the proportion of antiplatclct serum reached 0.2 c.e., there 
followed within twenty-four hours a marked platelet drop (from 250,000 to 
60,000 per cubic millimeter) associated with hemorrhagic phenomena. 



Fig. 2. 


DISCUSSION 

tliat^* ^ difficult to draw definite conclusions when dealing with experiments 
pear '™‘^®ti'ollablc variables. However, wo feel that certain facts ap- 

sistent enough to warrant attention. The most striking and con- 

the bl * 1 °***^ apparent relationship between the blood platelet level and 

cubic rn’ll™" Generally, when the platelet level fell below 70,000 per 

■uan th ' ^ condition was produced similar to that commonly seen in hu- 

'■Uic poor” purpura, i.e., prolonged bleeding time, normal clotting 

iatcrnal”'^ I'ctraction, and bleeding into the skin, mucous membranes, and 
u low was not always the ease, as instances were observed when 

''opiditv of ” count was not associated with purpuric manifestations. The 

latbi" 7)1 I ° platelet level, as w-ell as the absolute number of eircu- 

smalf dose^*^ "f important factors. This may explain -why very 
cause bleed' “'Plough capable of producing throrabopenia, were unable 

This ^ 

addition predicated upon the assumption that a capillary lesion, in 

cucc of a ** I’^clet deficiency, is necessary for purpura to occur. The pres- 
'cas shown '} assumed when an increased capillary fragility 

c''ahiatinn. t],o Dalldorf technique for estimating capillary fragility. In 
"'c consider Pluyed by the capillary lesion in thrombocytopenic purpura, 

c at the capillary bed in vitamin C deficiency might be very per- 



« the oh L.™oe,™kt COKICAH 

pS: ttr u, :S';;r '» »«."« *«.« . . 

»"faa!. As h„s boon fonnd to H.l "I *” 

i-anted. Unfoi-timately, Ave h.ave no Pi'emise w.as not Avar- 

heUvoen vitandn C deficiency capillarv Vn mathematical comiatioii 

OEPorimonis ane ooncornod, liicre apU,, to'bfC 

itot it dLTidTatrttaMhVi vn^' “ T “I'®”-'- '“Sili'S 

present in Uiromboevionenic noVn . change which we assume tofe 

disorder with Antami'n 0 dno ^ different order. Treatment of this 

lesion must be present befm-c original conception that an anatomic capillarr 

passage of blood through the wlTrof th!V””l‘’"'''I' ^ 

state of the canillarjes Jo n •' i ^ '‘c.s.sels is determined by the functional 

associated with i ' -Ji degree of dilatation. This vasodilatation, mhen 

A> X cm 111 ““"^“■■’1* Pl.TtoIot doflcioncT, may bo tl.o mcotai bv 

taniine libe nati' ” w ^ liberating some substances possihiv of a liis- 

nX 1 tc tolr r ''r’‘ «'" ''■'■potbesio, l..,t OAp.;i,-b.n 

Pay to tovosl.gatc the moebanhn, „{ capillavy dilatation. 

SUMMARY 

strovinf*' produced that is capable of selectivelyde- 

SZZ f The production of pnrpnra is 

platelets 01 ( 1 +^ fi ^ ^ fitiantitative reduction in the number of cireitlafing 
tt Z I ! platelet level, 

on mtiYinic ^ m serum on animals with anatomically intact capillaries and 

Gests th<^+ fZ ^ (vitamin C deficiency) is the same. Tliissug- 

mnrp m- flf i^i factor is functional rather than anatomic and could he 

conillpT. ^ un ^ by physiologic means. The In-pothesis is advanced that 

nri'liyio- ^ ^ ^hatioii ill addition to a platelet deficiency is necessarv before licni- 
orrhage can occur. 

C does not protect guinea jugs against experimentally produced 

tJiromboeytopemc purpura. 
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THE DEPRESSOR EFFECT OP POTASSIUSI SULFOCYANATB BEFOBE 
AND AFTER BILATERAL SPLANCHNICOTOJIl^ IN N 0 R 3 IAL 
AND HYPERTENSIVE DOGS'" 


Loyal Davis, M.D., and M. Herbert Barker, M.D., Chicago, III. 


T N ANOTHER paper have reported our experiiRental and clinical ex- 
* periences with the admiuistratioii of potassium sulfoeyanate to patients ratt 
essential hypertension and to dogs with liypertension produced hy the Goldhlatt 
ischemic method. 

It has been shown that a certain number of patients with essential li.vper 
tension react favorably to the administration of potassium sulfoeyanate ii tb 
individual dosage is carefull.v controlled by blood cyanate level detcminations 
Accompanying the fall in the systolic and diastolic blood pressures, there is: 
decrease in the blood scrum proteins; the blood chol&sterol falls; the sedinicnta 
tion rate increases markedly and the hematocrit leading decrea.ses. These favor 
able reactions to the oyanates in patients have been confirmed in the experiraenta 
laboratory by administering tlie drug to normal and hypertensive, dogs. 

In another group of patients with essential hypertension, the response t( 
llie C3’'anates may lie poor, and attempts to obtain a more favorable effect 
increasing the level of the cyanales in the blood are followed by sjTnpfo™® o 
ejmnate toxicity which require that the administration of the drug he .stoppo 

"VYe have also reported tliat after removal of tlie splanchnic nerves supw 
diaphragmaticalty in those patients witli essential hypertension who ” 
sponded poorlj^ to cjmnate therapy, a cei'tain number definitelj" 
favoralily to'the drug. The blood pressure levels, both s,YstoIic and diasto 
blood cholesterol, serum proteins, hematocrit, and sedimentation rate accu 
reflect this conversion to a satisfactorj' response. 

As yet no one has been able to explain satisfactorib’’ the effect of pota^ 
sulfoeyanate in the treatment of essential lijqiertension. Claude 
other earlier investigators lielieved that sulfoeyanate exerted its ® 
it -was a direct muscle poison and abolished muscular activity, a theojj 
disproved. Westphal and Blnm- suggested on purely theoretiea g\ 

cholesterol, as well as protein cleavage products, decreased the 
the cell membrane of the smooth muscles of the arterioles. Sue i 
thej’’ believed, would favor an excessive retention of pressor su s a^^^ jjj.fjj.j3: 
cell normalty present for the maintenance of tonus, and thus persis 
hyTiertomis would result. Thej'' further stated that the salt action 0 
ion might aet upon the eholesterol at the cell membrane to pro uee 
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in the permeability of tlie arterial nuiselc cells, thus allowing an escape of the 
retained pressor substance whicb would result in a lowering of arterial tension. 
Although this e.xplanation has never been accepted fully, some support is af- 
forded by Gellhorn^ who observed that weak solutions of cyanate ion permeated 
the isolated striated muscle of a frog so slowly that no contraction occurred, but 
that when that same muscle containing cyanatc ion was transferred to a cyanate- 
free solution, withdrawal of the ion was so rapid that actual contracture was 
produced. Thus he concluded that the ion had definitely increased the per- 
meability of the muscle cell membrane. 



F'S. 1- 


I pressure response of a normal Cos (weight. 17 2 kg.) to an Intravenous injection 
of 0.25 Gra. of potassium sulfocyanate. 

In an effort to learn something of the method of action of pota.ssium sulfo- 
* finate, a series of acute experiments were carried out upon six dogs with ex- 
penmental i.sehemic hypertension, twelve normal dogs, and four normal dogs 
potassium sulfocyanate had been administered over a sufficiently long 
establish a high blood cyanate level. In all of the hypertensive 
cyanat**' seven of the normal dogs, and in all of the normal dogs with blood 
^ f pressure tracings were taken before and after bilateral re- 

dial^ ° ^ inches of the thoracic sympathetic trunks and ganglia above the 

siire ^ section of the greater and lesser splanchnic nerves. Blood pres- 

potas ■ inade with a cannula in the carotid artery, and injections of 

•connected were made into the femoral vein. A traoheal cannula 

exper ^ <»^ygcn tank and an automatic respirator was used in each 

openin»^”i! successfully combated the respiratory difficulties which attend 
record 'of cavity bilaterally. In some of the early experiments a 

^e outflow from the coronary artorj'- was made. 

^cre un'f acute experiments can be stated briefly because they 

orm when the dosage did not exceed the tolerance for the particular 
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the" drug the dog to the potassium ion « 

which resulted iu death. We u^ere never ^bir 

hibit these reactions. If the aniimJ \ inU ' ° which animahvonldex- 

tion, death occurred piwpr 

to the potassium icn inuIZ f \y^ T T 

pressure, was proved iu several auio^nll J \ sharp rise in the blood 

without such an effect Oeeisionoll • ^ injection of sodium sulfoej-anate 

potassium ion orrsllw t the pressor effect of Ik 
ion oieishadowed the common depressor effect of the eyanates. 



intravSoushnj?ctfon’wf and coronarj' outflow of normal dog t'xeisht. 
outflow, coincident with faU S'pressure'^*^'*"” sulfocx'anate. Note sudden increase m core . 


The usual prompt fall 371 blood pressure following injection of potassium 
sulfoyanate intravenously' in small doses (0.013 Gm. per 1 kg.) makes it diffi- 
cult to^ regard the effect as based upon anything other than a vasodilator 
mechanism (Fig. l). The increased coronary outflow (Pig. 2) would seem to 
corroborate this view. Any explanation for the action of the eyanates as a 
piotoplasmic toxic agent would not appear logical in the presence of such 
prompt response. Pig. 3 ^ illustrates the beginning of a blood pressure 
lowing an injection of potassium sulfocyanate ^Yhich is quickly overtaken 1)3 
pressor^ action of the potassium ion and evidence of a beginning cardiac ar 
rhythmia. Pig. 315 illustrates tlie move definite depressor i-esponse in this same 
animal to a similar dose of potassium sulfocyanate after the splanchnic nerrf 
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were sectioned. This ■would seem to point definitely to the effect of the removal 
of the vasoconstrictor mechanism in the vdsceral area supplied by the splanchnics. 
Similar results ■were obtained upon dogs ■which had been given cyanates over a 
period of several days in order to establish a blood c\'anatc level. It was noted, 
however, that it required a smaller dose of the drug to produce a similar quanti- 
tative response in the blood pressure in tliese animals. 

Fig. 4 (il and B) illustrates the response of the blood pressure in a hyper- 
tensive dog in •which a partial ischemia of both kidneys had been produced 
several months previously by the application of Goldblatt clamps to the renal 
arteries. This particular animal had been fed potassium sulfocyanate for several 
weeks and had been proved to be responsive to the drug, as evidenced by a fall 
m the mean arterial pressure and significant changes in the blood chemistry. 
Before this experiment was carried out, cyanatc administration had been stopped 
and the blood pressure had returned to its previous high level. Pig. 47? shows 
the increased response after splanchnicolomy to tlic same dose of potassium 
sulfocyanate as was injected in obtaining the tracing shown in Pig. 4A. Again 
the promptness of the response to injection of the cyanates spealcs for a direct 
vasodilator action as against a general toxic depressor effect. 

SUSniARY 

^ From the results of acute experiments carried out upon normal dogs, 
ischemic hypertensive dogs, and normal dogs with elevated blood eyanate levels, 
It would seem logical to believe that the effect of the intravenons injection of 
potassium sulfocyanate produces its depressor effect as the result of a general 
J^odilatation. This effect can be increased by' removal of the thoracic synnpa- 
etie trunk and splanchnic nerves supradiaphragmatically. These experimental 
0 servations lend support to the observation made clinically’ that in many’ in- 
antes patients who respond poorly’ to eyanate therapy may’ become sensitive 
ollowing a bilateral splanclinicotomy, 
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THE ACID-BASE BALANCE AND WATER CONCENTRATION OP 
THE BLOOD DURING THE TOXEMIAS OF LATE PREGNANCY* 


Fred W, Oberst, Ph.D., Lexington, ICy., and E. D. Plass, MR., 

Iowa City, Iowa 


NUMBER of repoTt.s on the acid-base lialance in the iilood during the 
toxemias of late pregnancy have appeared recently.’"'^ Althougli tlierc is 
some variation, depending upon the type and severity of the toxemia, it is 
generally agreed that the acid-base values are within the accepted range 1®'' 
normal pregnant women, except shortly after a convulsive seizure, when the 
bicarbonate and pH values are abnormally low, and during coma, when tlic’^e 
is an acidosis caused by uncompensated alkali deficit (Van Slyke, area 3). 

For the purpose of this study, the toxemias of late pregnancy are divided 
into three clinical gvoups: (1) chronic cardiovascular renal disease (esseutia 
hypertension, arteriolar sclerosis), (2) toxemia without convulsions, and { ) 
toxemia with convulsions (eclampsia). This classification has been empk.ia 
in the clinic for some years and has proved to be satisfactorily simple. * 
representing each of these tlu’ce groups were studied to determine the wa 
concentration of the whole blood and the acid-base balance of the plasma f 
metJiods similar to those employed in investigating the blood changes in norma 
women during late pregnane}'.®’ ■ 

JIETHODS AND MATERIALS 

The analytical methods and necessary calculations were 
previously®’ in studies of normal pregnant women, similar precautions 
observed during collection and analysis. Determinations included tie 
content and specific gravity of plasma and whole blood, the cell volume 
hemoglobin content of whole blood, and the concentration of the impor 
acidic and basic constituents of plasma. 

RESULTS 

Chronic- Cardiovascular Banal Disease . — The clinical data on the u 
tients in this group are presented in Table I ; the blood chemical n > = ’ 
Tables I-A and I-B. 

Comparison with the average values noted in the blood of norma 
women®’ ^ shows little variation, although the hematocrit 
elevated and the water in the cells is below normal. By reason o as 

sion of the chlorides, the average total acid is in the lower range of no 
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is the average total base, because of the diminished sodium content. Both 
variations niaj- be explained by tlie lowered concentration of sodium chloride. 

Toxemia Without Convulsions . — Data on the fifteen patients in this group 
arc presented in Tables II, II-A, and II-B. 

The water content of the plasma is .slightly higher than in the hypertensive 
patients, but the cell water value.s arc similar. The total bases and the total 
acids are both within the ranges found in normal pregnant tvomen. 

Toxemia With Convulsions . — Data on the seven patients with convulsive 
toxemia are presented in Tables III, III-A, and III-B. 

The cell volume, the hemoglobin, the specific gravity of whole blood and 
Iila.sma, and the water content of the jilasma are within the ranges found in 
normal pregnant women, whereas the water content of the blood cells is sig- 
nificantly reduced. 

The average values for total acids are in the lower range for normal preg- 
nant women. Evidently the reduced acidity is caused by a diminution of the 
bicarbonate rather than by a lowering of the chloride concentration. This change 
more than compensates for the slight increase in the sulfates. 

The average values for total base are slightly lower than in normal preg- 
nant women, a finding which is contradietoiy to the observations of Standcr, 
astman, Harrison, and Cadden.* The plasma pH values are generally lower 
t an those for normal pregnant women, especially when the blood is drawn 
shortly after a convulsion. 


DISCUSSION 


The re.sults generaliy confirm observations previously reported and supiiort 
e contention of Kydd, Oard, and Peters' that changes in the acid-base balance 
°hl women suffering from the toxemias of late pregnancy are prob- 

(h ^ V of the disease, and that therajiy should logically be directed at 

c m icf of the symptoms rather than at the correction of the slight, and pos- 
^ alkali deficit by the administration of alkalies, 

late “ recognized component of the clinical syndrome of the 

alth manifest in the majority of the patients studied, 
imrel't varied markedly. The amount of edema appears to be 

pro[ ? water content of the plasma or whole blood, or to the plasma 

"■hieh"] bitter observation appears to be contrary to earlier work, 

cilcma ^ p"^*^ **''^*^ plasma protein concentration diminishes with increasing 

binding Eisenman, and Lee® have pointed out that the base- 

Protein varies with the albumin-globulin ratio, 
'a ede le.ss as the ratio diminishes. It is well recognized that 

‘^action ^ "^i °f the total ]>lasma protein is largely caused bj’ a re- 

bad to Such a change would lower the ratio and consequently 

a''8m)icnt'"l'**^'''"'''*^ value which is too high. Assuming the correctness of this 
chscrvafio'n. ^'^'^bigs here recorded are in reasonable accord with previous 
too liiWi'°('h it is obvious that if the recorded proteinate values arc 

ooil iiul' 'ocorded values for total acids both in normal pregnant women 
bo more 'mai 1- would also he too high, and that the variations slioiilcl 

Sweater latter group where the reduction of the A/G ratio is 
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Table I-A 

Chronic Cardiovascular Eenal Disease 


(Specific gravity, water and liemoglobin concentrations) 




SPECTFIC GRAVITY 


WATER 


HEMOGLOBIN 

CASE 

NO. 

CELL 

TOLUilE 

(%) 

PLASSIA 

WHOLE 

BLOOD 

CELLS 

PER KG. 
PLASMA 
(GM.) 

PER KG. 
WHOLE 
BLOOD 
(CM.) 

PER KG 
CELLS 
(GM.) 

PER 

100 C.C. 

WHOLE 

BLOOD 

(mM) 

PER KO. 
CELLS 

(mM) 

PER KG. 

WATER 

(mM) 

18 

■CTil 

1.0126 

1.0388 

1.078 

1^00 

812 

654 

8.26 

10.15 

29.30 

22 

37.S 

1.0132 

1.0323 

1.0G2 



668 

8.93 

21.88 


•iSa 


1.0199 

1.0345 

1.055 

913 

820 

685 

7.35 

17.31 

25.25 

43b 

37.2 

1.0180 

1,0441 

1.087 


818 

665 

■«1« 

17.90 


56 

51.0 

1.Q158 

UUHUM 

1.083 

912 

776 

654 

9.41 

17.02 

26.02 


39.5 

1.01S7 

1.0411 

1,075 

012 

807 

656 

8.17 

19.24 

29.28 

(4a 


1.0197 

1.0507 

1.081 


778 

664 

0.95 

17.70 

26.63 

74b 


1.0158 

1.0443 

1.082 

032 


(572 

S.22 

17.66 

26,30 

74c 


1.0171 

1.0436 

1.081 

021 

814 

608 

8.14 

18.36 

27.46 

79 

11.5 

3.0175 

1.0437 

l.OSS 

001 

786 

651 

9.15 

■^nl 


81 

iKimn 

1.0180 

1.0412 

1.069 

916 

793 

657 

s.cs 

17.70 

2G.D6 

91 

42.7 

1.0126 

1.0427 


018 

798 

648 


■gnrH« 

31.75 

Avg. 

42.9 

1.0166 

1.0423 

1.077 

015 

802 

6(>2 

8.5D 

18.62 

28.14 

Normal 

preg. 

nant 

35.4 

1.0154 

1.0370 

1.078 

015 

827 

674 

7.00 

18.31 

27.23 


Table I-B 

Chronic Cardiovascular Eenal Disease 
Acid'Ba^c Equilibria in Plasma 

(Concentrations are reported in terms of milliequivalents per kilogram of water.) 



[uco.]- 


[IIPO,]*- 

+[n,ro,]- 

[so,]-- 

TOTAL 

ACIDS 

[Ha]* 

[ca]** 

[K]* 

[ng]* * 

TOTAL 

BASE 

P« 

20.2 

12.8 

2.17 

0.5 

144.3 

145.3 

4..37 

5.48 

2.3 

157,5 

7.26 

28.3 

18.1 

2.74 

1.3 

158.2 

151.2 

5.10 

5.14 

2.0 

163.4 

7.43 

S0.3 

34.G 

2.01 

0.3 

151.8 

153.7 

4.87 

4.67 

2.0 

163.4 

7.38 

28.7 

15.3 

2.12 

0.9 

155.0 

150.8 

4.SC 

4.28 

2.0 

161.9 

7.39 

25.2 

18.3 

2,5G 

0.9 

155.5 

148.9 

C.35 

4.26 

2.0 

161.5 

7.38 

24.6 

14.7 

2.32 

0.7 

147.1 

151.9 

4.97 

5.61 

1.0 

164.4 

7.19 

25.2 

13.1 

2.51 

0.7 

143.6 

144.1 

4.75 

5.12 

2.1 

156.1 

7.36 

25.5 

13.7 

1.89 

0.7 

146.0 

148.1 

5,02 

6.33 

2.2 

162.6 

7.32 

20.3 

17,3 

1.92 

0.8 

158.3 

156.7 

5.C6 

5.78 

2.2 

170.4 

7.48 

2S.4 

17.8 

2.98 


156.0* 

144,8 

4.GG 

5.12 

2.4 

157.0 

7.48 

22.S 

14.2 

1.97 


149.4* 

155,1 

4.50 

7.65 

2.3 

170.0 

7.441 

25.6 

15.4 

2.29 

0.8 

151.4 

150.1 

5.01 

5.40 

2.13 

162.6 

7.37 

24.G 

15.8 

2.35 

0.55 

155.5 

151.6 

5.15 

5.10 

2.35 

104.1 

7.39 


J tDetermt^ assumed for [SOi] - 

and corr 


corrected to electrometric values by subtracting 


is J values for plasma pH show no marked variation, but there 

Tables ™ those -women with convulsive toxemia (eclampsia). 

TII-B show that the lowest values were obtained shortly after 
Wmiites 7 example, in Case SO, where the blood sample -was drawn three 
I'b a ."'i (seventh) commlsion, the pH was 7.04, whereas in Case 

Patient ^ obtained several hours after the fifth attack, -svhile the 

“s still comatose. In these instances the low pH was associated with 
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Table II-A 

Toxemia WmiouT CON^^JLSIONS 


(Specific giavity, M'atcr iind hemoglobin concentrations) 



— 

SPECIFIC OII.WITY 

WATER 

HEMOGLOBIN 

CASE 

NO. 

CELL 

volujie 

(%) 

PLASMA 

WHOLE 

BLOOP 

CELLS 

PER kg. 
PLASMA 
(CM.) 

PER KG. 

WHOLE 

BLOOD 

(OM.) 

PER KO. 
CELLS 
(GM.) 

FEU 

100 C.C. 
WHOLE 
BLOOD 

(MM) 

PER KG, 
CELLS 

(mM) 

PEPv KG 
WATER 

(mM) 

23 

28 

34 

46 

4S 

49 

67 

72 

73 

77a 

S3 

S9 

90 

95 

96 

35.0 

35.0 
39.2 

35.5 

32.0 
2G.5 
35.8 

42.0 

44.0 

41.5 
30.7 

42 0 

27.5 
4G.0 

29.0 

1.0100 

l.OlGo 

1.0078 

1.0095 

1.0142 

1.0149 

1.0122 

1.015S 

1.0120 

1.0130 

1,0098 

1.0192 

1,0184 

1.0121 

1.0125 

1.041Q 

1.0330 

1.0395 

1.0244 

1.0345 

1.0352 

1.038.3 

1.0410 

1.0431 

1.0410 

1.03S9 

1.0440 

1.0300 

1.0450 

1.0291 

1.09.3 

1.05S 

1.0S9 

1.04S 

1.079 

1.091 

1.050 
1.07S 
LOGS 

1.051 
1.090 
l.OSO 
l.OSO 
1.088 
1.005 

914 

908 

010 

927 

924 

924 

930 

020 

027 
014 

028 
014 
010 
90S 
028 

808 

820 

800 

826 

844 

842 

835 

807 

703 

810 

827 

SOI 

855 

783 

854 

048 

004 

057 
672 
080 
628 
009 

058 
(533 
070 
602 
053 
713 
041 
CSl 

8.34 

7.S1 

9.02 

7.85 

0.20 

5.9S 

(5.05 

8.40 

S.54 

8.44 

7.0S 

8.82 

4.25 

10.12 

(5.12 

20.08 

21.10 

21.12 

19.45 

17.05 

20.05 
17.10 

18.70 
18.20 
18.80 

17.70 
10.42 
14.22 
20,21 
19.75 


Avg. 

30 9 

1.0132 

1.037S 

ImCBiM 

010 

821 

002 

7.50 

18.90 


Xormal 

preg- 

nant 

33.4 

1.0154 

1.0370 

1.078 

015 

827 

074 

7.00 

18.31 

27.23 


Table II-B 

Toxemia ‘Without Convulsions 
Acid'Baso Equilibria in Plasma 

(Concentrations are reported in terms of milliequivalcnts per kilogiam of water.) 


[PPvO- 

TEINATeI' 

[IIPO^]- - 
+[HjPoJ- 

[so.]-- 

TOTAL 

ACTDS 

[Ka]* 

[ca]‘- 

[K]* 

[Mg]** 

TOTAL 

BASE 

pii 

1G.4 

2.47 

0,4 

15(5.0 

149.5 

5.50 

4.71 

2.2 

161.9 

7.24 

10.7 

2.56 

0.6 

153.7 

144.5 

4.20 

0.30 

2.G 

157,7 

7,42 

IG.G 

2,43 

0.4 

150.7 

167.3t 

0.43 

4.70 

2.5 

isi.ot 

7.37 

14.8 

2.47 

0.3 

153..3 

147,7 

4.98 

4.90 

1.9 

159.5 

7.20 

10.5 

2.26 

0.9 

150 5 

156,4 

4.98 

5.44 

3.9 

168.7 

7.30 

IG.O 

2.04 

0.2 

159.5 

150.7 

5.42 

5.03 

2.5 

109.7 

7.30 

10.0 

2.95 

1.5 

150.0 

147,0 

5.39 

5.72 

1.9 

160.0 

7.35 

16.4 

2.S2 

0.7 

153.2 

161.2 

5.00 

6.28 

1.9 

174.4 

7.42 

15,0 

2.50 

1.0 

154.3 

152.7 

5.00 

5 18 

2.1 

105.0 

7.37 

15.2 

2.03 

0.7 

155.2 

15S.S 

5.19 

5.60 

2.0 

171.6 

7.41 

17.2 

3.10 


147.21 

14G.0 

4.04 

7.20 

2.3 

100.2 

7.28 

14.2 

2 56 


152.01 

147.G 

4.00 

5.34 


159.7* 

T.lOf 

IC.G 

2.27 


152.21 

151.0 

5.00 

5.45 


163.7* 

7.28-1- 

18.1 

3.80 


151.61 

140.9 

5.10 




7.44H- 

15.0 










10.1 

2.08 

0.7 

154.3 

151.2 

5.12 

5.54 

2.2 

164.3 

7.33 

15.8 

2.35 

0.55 

155.5 

151.6 

5.15 

5.10 

2.35 

104.1 

7,39 



'alue o?o corrected to electrometric values by subtracting a deter- 

tA va'iw « o1 r" “'""""‘I + +. 

tNot In t , assumed for [SOO - 

in the overaBs. 
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a mai’ked reduction of the bicarbonate. While no determinations for iacfic 
acid were made, it seems probable that these observed clianges toward the add 
side were due to an accumulation of lactic acid developed in the organism as a 
result of the convulsive seizures, as emphasized by Stander.“- 

SUMMARY 

The acid-base balance in the blood has been studied in thirty-one women 
suffering from various forms of the toxemia of late pregnancy (nine hnwrira- 
sive, fifteen nonconvulsive, and seven eclamptic patients). In general, the find- 
ings confirm the work of previous investigators by demonstrating a slight alkali 
deficit, without anj^ significant cliange in the hydi’Ogen-ion concentration, e.'ccepf 
in eclampsia, where a convulsive seizure is followed by a marked reduction in 
the bicarbonate and an associated, proportional lowering of the pH. 

On the basis of accumulated evidence, it would appear that the alfcicd 
acid-base relationships of the blood in patients with pregnancy to-vemia are of 
minor importance, and tliat any serious metaliolie disturbances accompanying 
this disease entity must be sought in some tissue other than the blood. 


REFERENCES 


1. Stander, H. J., Eastman, N. J., Harrison, E. P, H., Jr., and Cadden, J. Ta H'' Acid-R® 

Equilibrium of tlie Blood in Eclampsia, J. Kol. Clicm. 85; 233, 10-.. „ 

2. Stander, H. J., Eastman, N. J., and Harrison, E. P. H., Jr.: The jojn, 

of the Blood in the Late Toxemias of Pregnancy, Am. J. Obst. in 

3. Stander, H, J., and Eastman, N. J.; The Hydrogen-Ion Concentration of tiie 

Eclampsia, Am. J. Obst. & Gynec. 20: S22, 1930. . .-.t) , Vnmlibriuni 

4. Muntwyler, E., Limbach, N., Bill, A. H., and Myers, V. C.: The ryl^ijs of 


the Toxenn.is ot 
Abnorntt' 


at the Blood in Pathological Conditions. I. Changes Observed in 
Pregnancy, J. Biol, Cliem. 90: 007, 1931. . 

5. Kydd, D. M., Oard, H. C., and Peters, J. P.: The Aeid-Bnso EqmUbnam m 

Pregnancy, J. Biol. Chem. 98: 241, 1932. , i n PretmaBf.b 

0. Oberst, F. W., and Plass, E. D.: Water Concentration of the Blood Purm„ = 
Labor, and the Puerperiuin, Am. J. Obst. & Gynec. 31; 01, l.wo. 

T. Oberst, P. W., and Plass, E. D.:^ The Acid-Base Balance in the Piasma anu 
of Normal Nonpregnant, Pregnant, and Puerperal Women, J. L. 

26; 513, 1.940. ^ ^ , . ,j,i Base Eqali- 

8. Peters, J. P., Waheman, A. M., Eisonman, A. J.. and Lee, L. : J. Ciit' 

brium of Plasma in Health and Disease. X. The Aeulosis o x P 
Investigation 6: 517, 1929. . ■p^.lnmnsia, 

9. Stander, H. J. : Studies in Anestliesia, Ano-vemin, Anhydrcima lu 1.. 

tain Deductions Concerning the Treatment of Eclampsia, Am. J. 


633 19^6 

10. Stander,’ H.J.’: Clinical and Experimental Studies on the Toxemias 
J. Obst. & Gynec. 13; 551, 1926. 


of PregnsnCT, 


.ini’ 



EFFECT OP DIET ON ARTERIAL AND VBNOVS GLUCOSE TOLERANCE 
CURVES IN RIIEUHrATOID ARTHRITIS*" 


K. R. Andrews, JI.D., and R. 0. Muether, JI.D. 
St. Louis, jVIo. 


OHRONIC rheumatism is tlie center of considerable investigative work since 
^ it is one of the chief diseases causing partial or total disability in man. 
Rheumatoid arthritis is a type of chronic arthritis which is especially important 
economically since it attacks the young adult, as a rule, and converts an economic 
' asset into a liability.^'* Considerable investigative work has been done in an 
effort to explain the pauses, as well as changes, that occur in the body of the 
patient afflicted with this disease. Tlic poasibility of some derangement in the 
nietabolie or endocrine system of the body has been considered as a possible 
' etiologic factor however, chronic infection seems to interest the greatest 
number of investigators.^-*^ 

Regardless of etiology, certain alterations in body economy are said to 
exist in the rheumatoid types of arthritis; there is a loss of muscle bulk, dimin- 
■ ished circulation, and gastrointestinal stasis. Certain alterations in the cliem- 
of the body are also said to occur. A diminution in the blood content of 
: |itnmins B and C has been reported,®* and there is said to be a diminished 
. ^®lcrance for glucose.^* 

Pemberton and others have shown that the arthritic person docs not remove 
^I'om the blood as promptly as the normal individual. Because of the 
. reduction in carbohydrate metabolism, many investigators recommend 

“^^^^ohydrate diets for the rheumatoid arthritic patient and have reported 
^f’e relief from pain when patients are placed on a high fat, low carbo- 

V'Mratediet. 

^'^Perienee of our clinic has been similar to that of Pemberton and 
tor T' majority of the patients studied had a decreased tolerance 

plai ^clt that this diminished tolerance might also be ex- 

^ impairment in the glycogenic function of the liver. If this is the 
a in the carbohydrate metabolism would be expected with 

<loue^ '^‘'‘^'i^oRydrate rather than a high fat diet. Since glucose tolerance tests 

of the blood sugar after the blood lias 
alulitv muscles, it was thought tliat a bettor idea regarding tlie 

®‘niu]*ta ^'cmove glucose from the blood would be obtained by the 

thc^U estimation of both arterial and venous Idood. In this way the level 
■ sugar could be ascertained after the blood has passed through the 
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liver but not through the muscles. If the arterial blood .sugar is iiigli, tlio abilily 
of the liver to remove sugar from the blood is impaired. On the other. band, 
if both tlie venous and arterial blood sugars are high and tend to approxiniafe 
each other, the glycogenic function of both liver and nniselo is impaired, since, 
when muscle function is good, tlie <Trteriovenous difference siwuld he marted. It 
has been reported by Sweeney, and confirmed by others,*® that a high carboliy- 
drate diet improves carbohj-drate utilization in normal individuals. It was felt 
that it would be of value to determine whether; (1) diet had the same effect on 
the glucose tolerance of arthritic patients as that of normal individuals; (2) im- 
provement followed one of the two diets used, whether it was due to improved 
liver or muscle function; (3) what the effect of the respective diets on the well- 
being of the patient might be. 

PROCEDURE 


Patients with typical rheumatoid arthritis were selected for the studj "'ft 
each patient showing varying degrees of muscle wasting and joint invoheraent 
of from two to twelve years ’ duration. Each patient was carefully examined or 
foci of infection. Blood nonprotein nitrogen, sugar, cholesterol, uric aci , 
Wassermami, and gonococcal complement fi.xation determinations were stu le . 
Complete blood counts were done and chest x-ray studies were made. 

Eleven patients, eight males and three females, were found to he suitable 
for this study; all had normal values for tlie above determinations. Each pa 
remained afebrile during tlie study and only occasionally received codeine ^ ^ 
salicylates as symptomatic treatment. Three normal subjects, two fema 
one male, were also selected for the same study and acted as 
selected were hospitalized and placed first on a high fat, low carbo } la 
for two weeks ; then on a high carbohydrate, low fat diet for ^ arbob.v- 

two weeks. At tiie end of this period the patient remained on a ig i a* 
drate diet but was given 10 units of insulin before each meal for a 
of two weeks. At the end of each period complete arteriovenous at 

tests were run on each patient, the arterial and venous bloods bein^ 
the same time. The various diets were equicaloric and 0 gw. 

amount of protein. The high carbohydrate diet contained from 
of carbohydrate and from 40 to 50 6m. of fat, while the high a 
from 200 to 225 Gm. of fat, and from 70 to 80 Gm. of carbo ij tlie 

The glucose tolerance test was run over a three-hour peiiod.^ ^ 
collection of the fasting specimen of blood, a solution from fi*® 

dextrose was taken by month. Specimens of blood were o 
cubital vein after thirty minutes, sixty minutes, two hours, ® tk 

The arterial blood was collected from the finger tip blood am 

venous puncture, since it has been shown that cutaneous an 
identical in sugar values.” 

RESULTS . T. 

Table I represents the results obtained in the thiee j fgUoriag a 

It will he noted that a lowering in the lilood sugar curves oce after 

high earhoh 7 drate diet. The glucose tolerance curve was 
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the patient had been given insulin, pins a high carbohyclrate diet, than it was 
when tlie patient was on a high carbohydrate diet, but the elevation was less than 
ivhen the high fat diet was taken. 

In the patients listed in Table II only venous sugars were obtained. It will 
be noted that the venous levels following a high fat diet reached almost diabetic 
proportions; however, following a high carbohydrate diet, the curves were con- 
siderably flattened. 

Table 1 


PATrEyr 

DIET 

HO. % 
SUGAR 

PASTIXO 

TIH 

30 

E — MINE 

00 

TES 

120 

ISO 

AVG. DIFF. 
AT 30 MIN. 
(MO. %) 

M. il. 

High fat 

Arterial 

80 

200 

142 

78 

124 


P-20 yr. 


Venous 

70 

1G5 

118 

69 

114 

35 


Low fat 

Arterial 

83 

128 

106 

69 

101 




Venous 

74 

113 

S8 

58 

85 

15 


After insulin 

Arterial 

94 

185 

99 

117 

106 




Venous 

81 

140 

88 

98 

89 

45 

P. G. 

High fat 

Arterial 

HE!]H 

145 

156 

115 



F--21 yr. 


Venous 

09 


mmM 

87 

49 

46 


Low fat 

Arterial 


151 

150 


■m 




Venous 

73 

121 

in 

74 

so 

45 


After insulin 

Arterial 

85 


164 

115 

106 





Venous 

73 

138 

234 

94 

84 

32 

_ jK. A. 

High fat 

Arterial 

Bnng 

133 

138 


83 




Venous 

SO 

116 

85 

85 

76 

52 


Low fat 

Arterial 

85 

112 

IOC 

mssM 

88 




Venous 

82 

110 

80 

87 

78 

26 


After insulin 

Arterial 

82 

140 

110 

110 

■RnB 


— 


Venous 

76 

123 

105 

96 

80 

17 


Table II 



R. L. R. 1 

32 YR.— FEMALE 

37 

J. L. B. ! 

YR. — MALE 

28 

R. B. B. 

YR, — hale 

:• TISIE 

iiion 1 

' LOW 1 

AFTER 

HIGH 

1 LOW 

1 AFTER 

HIGH 

LOW 

I AFTER 


FAT 1 

, FAT I 

'insulin 

FAT 

FAT 

INSULIN 

FAT 

FAT 

IlNSULIN 


VENOUS BLOOD 

MG. % 

VENOUS BLOOD 

MC. % 

VENOUS BLOOD 

MG. % 


99 

06 

87 

85 

75 

71 

103 

81 

81 


187 

185 

147 

151 

107 1 

154 

183 

112 

134 

120 ^ 

208 

129 

223 

170 

160 1 

165 

188 

134 

156 



118 

171 

76 

71 ! 

134 

189 

103 

125 


iS7 

75 

112 

52 

64 ; 

113 

132 

67 

61 


the c'niit venous blood sugai-s were determined simultaneously in 

listed in Table III. The tolerance is much diminished follow- 
t'lfeet of ° ™P™ved following a high carbohydrate diet. The 
'liminntioir'''"' individuals and points to a definite 

’■f'eals a d r' Comparison of the arterial and venous blood sugars 

i'isli cathol*^ flattening of both the arterial and venous curves following a 
tlieei'>lit*°'^-''*''*^'^ "ili' “ greater effect on the arterial curve. In four of 
there occuiTed an increase in the arteriovenous difference fol- 
high fat diet. 

>ous litr, 1 " ®i*lRined by plotting the average values of both arterial and 


blood 


®Rgars so that an idea of the effect of diet and insulin might be ob- 
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Table III 


PATrENT 

H. B. 

31 yr. 
Male 

DIET 

High fat 

Low fat 

Insulin 

MG, 

SUGAR 


TIME — MINUTES 


PASTINC 


MMil 

12Q 

180 

hi? 7 . 

Arterial 

Venous 

Arterial 

Venous 

Arterial 

Venona 

95 

92 

97 

89 

108 

79 

200 

154 

160 

140 

148 

138 

210 

109 

ISO 

138 

102 

334 

140 

307 

160 

3 OS 
169 
121 

328 

94 

130 

89 

OS 

7.0 

■ 

V. B. 

3C yr. 
Male 

High fat 

Low fat 

Insulin 

Arterial 

Venous 

Arterial 

Venous 

Arterial 

Venous 

108 

73 

86 

82 

S3 

78 

142 

134 

132 

128 

lot; 

154 

383 

145 

124 

318 

380 

175 

144 

325 

310 

100 

164 

351 

9T 

95 

85 

SO 

99 

97 

2v 

If 

9 

C. M. 

29 yr. 
Male 

Higii fat 

Low fat 

Insulin 

Arterial 

Venous 

Arterial 

Venous 

Arterial 

Venous 


178 

158 

138 

331 

344 

123 

■W 

142 

lOi) 

338 

103 

108 

154 

"iir' 

305 

no 

301 

1G0 

12S 

2S 

21 

25 

A. M. 

2S yr. 
Male 

High fat 

Low fat 

Insulin 

Arterial 

Venous 

Arterial 

Venous 

Arterial 

Venous 

SS 

78 

97 

88 

88 

80 

2JS 

354 

353 

314 

392 

374 


174 

123 

is 

71 

392 

15S 

.. 

32S 

98 

78 

73 

319 

92 

1 

N. B. 

28 yr. 
Male 

High fat 

Low fat 

Insulin 

Arterial 

Venous 

Arterial 

Venous 

Arterial 

Venous 

90 

80 

95 

SO 

92 

91 

386 

140 

174 

143 

186 

158 

210 

356 

138 

300 

169 

145 

140 

120 

12S 

99 

315 

100 

1 

i 

B. H. 

27 yr. 
Female 

High fat 

Low fat 

Insulin 

Arterial 

Venous 

Arterial 

Venous 

Arterial 

Venous 

75 

71 

78 

75 

90 

88 

144 
338 
ISO 
358 

145 
140 

220 

199 

200 
188 
215 
200 

239 

194 

364 

ISO 

230 

3.04 

192 

3S5 

140 

118 

]S9 

3S0 

li) 

17 

12 

sT 

S. .7. 

32 yr. 
ifale 

High fat 

Lou’ fat 

Arterial 

Venous 

Arterial 

Venous 

88 

81 

89 

85 

~l8S~' 

358 

345 

138 

223 

390 

123 

ns 

393 

180 

109 

300 

162 

112 

95 

92 

7 

B. J. 

26 yr. 
S’emaie 

High fat 

Low fat 

Arterial 

Venous 

Arterial 

Venous 

75 

71 

88 

80 

342 

320 

167 

103 

ISO 

ISO 

189 

179 

180 

173 

94 

83 

147 

324 

98 

SS 

10 


tained at a gJanee. TJie flattening of both arterial and venons curves m 
mal individual following the high carbohydrate diet is striking- Fo 
sulin, the curve resembles that obtained by a higli fat diet. It v'ih iJ® 
the arthritic person tends to have a higher blood sugar following a car 
test meal than does the normal individual ; nevertheless^ the response 
carbohydrate diet, as well as to insulin, is similar to the effect pi® diC 
normal individual. Following a high carbohydrate diet, the artciia cn^ 
arthritic person approaches that of the normal, indicating an impro^ 
tion of sugar by the liver. 


DiscmsiON .ioroirho- 

The result of our work demonstrates that a diminished jukI 


hydrates exists in rheumatoid arthritis, as was 


reported by 
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Others. Pollowiiig a tiro ii-eelcs’ eourse of insulin, these patients have a deewasei 
tolerance to glucose, as well as a diminution in arteriovenous difference similar 
to those exhibited bj* our normal controls. This only adds to common bimvkhe 
that insulin is diabetogenic when given to a person without diabetes over a long 
period of time. Various explanations have been offered to account for ilie 
diminished tolerance to glucose: (a) di-sturbance of pancreatic fnnetion, (1)] 
diminished circulation causing a slowing in the removal of sugar from the IW, 
and (e) hepatic dysfunction. Prom the evidence submitted, it would seem that 
tlie most important role is played by the liver. Tliis is .shoum by (1) theirapiove- 
nient following the high carbohydrate diet, (2) a decrease in arterial Hoed 
.sugar levels following a carbohydrate test meal, and (3) no loss in glycogenic 
function of the muscles. The evidence presented does not, we believe, aid ma- 
terially in the detennination of the etiology' of this disease. Chronic infection 
maj^ produce metaholie changes similar to those seen in these patients. But 
other conditions, such as avitaminosis and endocrine disturbances, may iikew 
produce a similar picture. 

Although insulin seemed to decrease tlie tolerance to glucose, an improve- 
ment in appetite of all patients was noted. No definite gain in weight an no 
effect on the course of the artliritis were demonstrated. None of the patien 
studied complained of an increase in pain while on the high carbohy drate 
There was no evidence of increased pathologic activity within the joint utiBb 
this regime. The opposite was true, however, in that the patients 
sense of well-being and frequently- ashed that they be kept on a lug ®nr)o . 
drate diet. 

STBIMARY AND CONCLUSIONS 

1. The effects of a higli fat diet, a liigh carbohy'drate diet, and a h'ch 
hydrate diet with insulin on the tolei’ance to dextrose was observe 
normal persons and in eleven patients with rheumatoid arthritis. 

2. Simultaneous arterial and venous true sugar tolerance 

tained on three normal persons and on eight with arthritis. Venous cii 
were run on three persons with arthritis. . ^ 

3. The tolerance to glucose was improved in all persons with aith 

the normal person after a high carbohy'drate diet. ^ 

4. Insulin decreased the tolerance to glucose in all patients stu i 

5. The evidence submitted suggests that the decreased f„;]cfion 

in the individual with arthritis is due to decreased glycogenic 

rather than to pancreatic dysfunction or circulatory stasis. 

6. There was no evidence of increased pain or incieascd 
person with arthritis while on the high carbohy'drate regime- 
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Influence of Protein on the Acidity and Pepsin 


M. J. Matzner, M.D., C. ^\’'ind\ver, M.D., 0 . Gawron, B.S., M.A., and 
A. B. SoBEi., Ch.E., Ph.D., Brooklyn, N. T. 


' I '-HE purpose of the present series of investigations is to study sj'stemafica!! 

the effect of proteins, carliohydrates, and fats on the aciditj’ and pepsi 
activit}’’ (at constant pPI) of the gaslidc secretions. 

The hitherto available data on the simultaneous study of the pepsin activifj 
pH, and free and total acidity are scarce. This is especially true for the peps' 
method of Anson and Mirsky' and the hydrogen-ion determination hy the moi 
reliable potentiometrie methods. There arc no data available for studying tii 
influence of the three main food classifications into Avliieh diets may he d 
vided in conjunction with the sensitive doulile histamine test proposed k 
Rivers, Osterberg, and Vanzant.® 

The report presented here gives the results of the protein study. The p« 
teiir used was gelatin. It was selected because of its purity, availability oasec 
administration, and solubility in the gastric contents. 


METHODS 

All observations Avere made on patients aaJio gave clinical and x-raj e\ 
of peptic ulcer. 

The procedure for carr.ying out the test meal Avas as folloAvs : j], 

presented himself in the fasting state. A Rehfnss tube Avas q 

stomach, and the fasting contents Avere AvithdraAvn. Five-tenths 
histamine hydrochloride Avas then injected hypodermically, an 
afterAvards 120 c.c. of tap Avater Avere given orally. Five to ten cu m 
samples of gastric juice Avere then aspirated at fifteen-minute an' 

hour. At the end of the hour the entire stomach contents aacic 
0.5 mg. of histamuie hydrochloride Avas again injected. .(vas t 

120 c.c. of tap water Avere given orally. When the effect ,yatc 

were 
tient Ava 


j-juw — •• — o“’ — ^ , “jon p of 

be determined, a suspension of 15 Gm. of U.S.P. gelatin m 1- c- 
Five to ten cubic centimeter samples of gastiic ju 


Avas given, 


aspir 


----- ^ ^PllG 

i-ated at successive fifteen-minute inteiwals for one noui. 


told to expectorate his saliva throughout the test. ^ ^ 

After collection each sample Aims placed in the The 

in most instances Avere free from mucus and did not requiie ^ 
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and the' free and total acidity wore determined witliin two hours after collec- 
tion of the last sample. Pepsin determinations were done the following morning 
on a portion of the gastric juice diluted with 0.1 normal hydrochloric acid and 
, kept in the refrigerator overnight. Pepsin values were found to bo constant 
under these conditions. 


The pH determinations were made with the Beckmann glass electrode. Free 
and total acidities were dcterinincd in the usual manner hy titration. Values 
ate expressed in terms of millieiiuivalcnts (meq.) per 1,000 c.c. These are 
numerically equivalent to what is commonly referred to as free and total acidity. 
1 ! The pepsin content was determined hy the method of Anson and Jlirsky' follow- 
ing the procedure outlined hy llullins and Flood.’ Pepsin values arc expressed 

■ r 1 as milligrams of pepsin (1 :4,000) per cnhic centimeter of gastric juice, as sug- 

■ I’ gestedhy Helmer, I'mits, and Zerfas,’ and Mullins and Flood.’ In carrying out 

the pepsin estimations, all dilutions were made with 0.1 normal hydrochloric acid. 


hfluence of Protein on the pll, Pepsin, and Free and Total Acidity of 
’ Gastric Juice During a Modified Bonhle ITistaminc Test . — In testing the effect of 
the protein on the gastric .secretions in vivo, a group of 16 patients with peptic 
■ ulcer were given the double histamine test without the protein (water group) 
after the first hour, and a separate group of 19 patients with peptic ulcer were 
Biven the double histamine test with the protein after the first hour (protein 
group) . 


Table I presents the mean values of pH, pepsin, and free and total acidity 
m these two groups. The significance of the difference between the mean values 
wre evaluated by the statistical methods of Fisher’ as applied to small samples, 
ropresents the frequency with which the difference between two means may be 
no to chance alone. When P is 0,05 or less, the difference between the means is 
considered significant. 


diff * ®oen in Table I that during the first hour no statistically significant 
for between the mean pH, pepsin, and free and total acidity values 

le two group.s. During the second hour, when one group received protein 
|n .11 ition to water, statistically significant differences can be noted between the 
total* ■ V acidity values for the first forty-five minutes. The 

acidity values slioiv no statistically significant changes during this period. 

(he 'll**** ™ ^be form of gelatin when introduced into the stomach raises 

aiark least thirty minutes and noticeably for forty -five minutes, 

aoti ** 1 pepsin and free acidity of the stomach for thirty minutes and 

roa j for forty-five minutes, but has no effect on the total acid concentration. 

Profein on pll. Pepsin, and Free and Total Acidity in Vitro. 
botli 'll t-he various constituents of the gastric juice depends 

Parcl • '^™'aal and secretory mechanisms, in vitro experiments testing the 

"ei'e ^ 1 ** effect of protein in the foim of gelatin on acidity and pepsin 

out. The results are presented in Table 11. 

Iroc aeWit (Bolatin) markedly reduces the 

'“lal aeidif 'lefinitc increase in the pH and a slight increase in the 

J ' allies. These findings are due to the acid-combining properties of 
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the protein on the acid side of the isoelectric point and to the base-combining 
power on the alkaline side of the isoelectric point. The presence of the protein 
has no effect on the pepsin values, as determined by the method of Anson and 
Mirsky.^ 

The possibility that pepsin may be destroyed when the pll of a pepsin solu- 
tion is raised by addition of the protein and incubated at 37° C. for an hour 
was then investigated . It was found that raising the pH from 1.3 to 4.0 by the 
addition of the protein and thereafter incubating at 37° C. has no effect on the 
peptic activity, as determined by the Anson-lMirsky method. 

TABIiE II 


Influence of Peotein (Gewtin) on the Aciditv and Pepsin in Vitro 



The possibility that the pepsin digestion products of the protein would 
reduce peptic activity was also investigated. It was found that pepsin activity 
remained constant when the protein is digested at a pH of 3.0 for one hour at 
[ C. This is in harmony with Northrop 's experiments'^ which show that the 
•gestion of gelatin by pepsin takes place very .slowly and then not to any 
great extent. 

DISCUSSION 


From the results obtained, it is to be seen that protein in the form of 
ge atm significantly reduces the hydrogen-ion concentration and pepsin, but not 
. ^ concentration of the gastric juice. This reduction of the hydrogen- 

lon concentration in the stomach is similar to the in vitro reduction of acid by 
The amount of reduction depends upon the quantity of acid present 
t e amount of protein added, as shown in Table II. 
in of the protein on total acidity in vivo is also in harmony with the 

Vitro findings where (as seen in Table II) the presence of gelatin in small 
^^ncentrations causes only slight variations in the total acidity. In the in vivo 
tio gelatin was given in a concentration of 12 per cent. This concentra- 

thc^ Tiiekly reduced by the addition of fluid from the gastric secretions, so that 
In present in the stomach is considerably less than 12 per cent, 

p . ^°^3l acidity this would mean an increase by only a few milli- 

acid^^ 1)000 c.c. In line with this, no significant differences in the total 

^as noted between the protein and control groups. 

vitro experiments performed, the mechanism by wliieli the 
concentration is lowered in the stomach, in the presence of protein in the 
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form of gelatin, cannot be ascribed to any competitive retardation of peptic 
activity by the protein or to the destruction of pepsin when the pH is raised bv 
the protein or to the inhiliition of peptic activity by the digestion products of tbe 
protein. The factors that are possibty re.sponsib]e for the lowering of the pepsin 
content of the gastric .juice following the administration of the protein 
may be either a lowered volume rate of secretion of pepsin or a retardation in the 
rate of eonvex’sion of the pepsin precursor, pepsinogen, to pepsin. 

SUJIMARY 

1. The influence of protein (in the form of gelatin) on the acidity and 
pepsin of the gastric juice of patients suffering from peptic ulcer was investi- 
gated by means of a modified double histamine test. 

2. The hydrogen-ion concentration, the free acid, and the pepsin were re- 
duced. The total titrable acidity’’ was not appreciably influenced. 

3. On the basis of in vitro experiments the reduction of the hydrogen-ion 
concentration and free acidity of the gastric juice may be ascribed to tlie acid- 
combining power of the protein. 

4. The reduction of the pepsin content of the stomach, on the basis of in 
vitro experiments, cannot be ascribed to the protein per se, but possibly to a 
reduced secretion of pepsin or a retarded conversion of pepsinogen to pepsin. 

We are indebted to Dr, C. A. Flood, of the Columbia College of Physicians and Surfco .s 
for his helpful suggestions regarding the technique of pepsin estimations. 
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A CRITICAL SURVEY OF A PIIENOLPIITIIALEIN TEST FOR 
GASTROINTESTINAL LESIONS* 


Nathaniel E. Reich, SLD., Brooklyn, N. Y. 


IN VIEW of the need for a simple test to determine tlic presence of gastro- 
^ intestinal lesions quickly and accurately, AVoldman' devised a procedure based 
upon the urinary excretion of peroral plienolphthaloin when a break exists in 
the mueosa of the digestive tract. 

The patient in a fasting state is given 0.1 Om. (1.5 gr.) of white phenol- 
phthalein dissolved in 10 e.e. of 95 per cent alcohol, diluted with 20 c.c. of water. 
Specimens of urine are obtained two and four hours later and tested immedi- 
ately for the presence of free phenolphthalein by the addition of a 10 per cent 
’ aakition of sodium hydroxide. Woldman assumes that the appearance of a pink 
color indicates that free phenolphthalein has actually passed through a break in 
the continuity of the gastrointestinal mucous membrane into the blood and is 
filially excreted in the urine. Normally, it is excreted as conjugate phenol- 
phthalein which fails to give this specific reaction. Prolongation of the test 
hejond four hours did not aid its diagnostic efficieuey. Occasionally, the uri- 
iiary pigments in very dark or highly colored urine presented a problem be- 
‘ ffis masking of the faint pink color reaction of the indicator. Greene^ 

■' Mggosted an improvement on the test by the addition of suspensions of the 
ijuroxides of zinc, caleium, or barium to remove the pigments in the urine and 
“t the same time produce the necessary alkalinization. Comparative tests run 
^ concomitantly on such urines showed a more visible pink with these suspensions. 
^o\ie\cr, it required from two to three times the amount of these alkalies to 
alkalinization. Therefore, whenever the test is employed, it is 
'icO-sted that one of these alkalies be made available for highly colored urines. 

tf'o advantages of the test are enumerated its usefulness in 
form ^'nontgenographic diagnosis is doubtful or impossible to per- 

in,iv i "* organic lesions of the gastrointestinal tract in diseases which 

fi’oin ^ referable to the digestive system, in differentiating functional 

innn disease, and its simplicity, rapidity, and inexpensiveness. Wold- 

Poss’l'l amazing accuracy for a laboratoiy test of its kind, ’^'ith a 

' c error of less than 3 per cent for both positive and negative findings. 

P^’oved to have several serious disadvantages in our hands. The 
therefor"^ ? much greater than tliat reported, and, 

proved ^osGs much of its specificity. In a series of 46 persons Avith 

— ^'"'^t^ointe.stinal lesions, 22 failed to give a positive reaction, resulting in 

tho 

"I Mclici 
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Hospital, oa .... ... 

° r)i\ision. Dr. j, Hamilton Craw'forcl, director. 


serx'ice of Dr. 

Iton Cra> 

* publication, December 23 , 1939. 

GS7 


C. H. Greene, and the Long Island 


688 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


48 per cent error (Table I). A group of 105 nongastroinlestinal control palients 
gave 25 false positive reactions, resulting in 24 per cent error (Table II). Upon 
repetition of the test on individuals Avith false positive reactions, practically tk 
same results were obtained. The total error for both positive and negative find- 
ings was 38 per cent. These findings closely^ approximate the fairly uniform 
results obtained bj^ other investigators (Table III). 

Table I 


Eesults of the Phenolphthalein Test IN Patients With Gastrointe.stinal Lesions 


DIAGNOSIS 

CASES 

1 RESULT 

■ POSITIVE 

NEGATIVE 

Peptic ulcer 

12 

7 

5 

Hematemesis 

7 

5 

2 

Carcinoma of stomach 

9 

4 

5 

Carcinoma of colon 

4 

1 

3 

Ulcerative colitis 

5 

2 

3 

Tuberculous enteritis 

3 

2 

1 

Amebic dysentery 

1 

0 

1 

Diverticulitis of colon 

2 

1 

1 

Acute ulcerative gastritis 

1 

0 

1 

0 

Typhoid 

2 

2 

Total 

46 

24 

~l2 ^ 


Table II 


Results of the Phenolphthalein Test in 


Patients tViTHOUT 


Gastrointestinal Lesions 


DIAGNOSIS 


CASES 


POSITIVE 


Normal persons 
Gall bladder disease 
Clvronic glomerulonephritis 
Resolved pneumonias 
Nongastrointestinal 

Malignancy (e.g., breast, lung, 
bone, etc.) 

Cirrhosis of the liver 
Cardiovascular disease 
(not decompensated) 

Blood dyscrasias 
Arthritis 

Pulmonary tuberculosis 
Asthma 

Gastric neurosis 

Upper respiratory infection 

Diabetes 

Total 


10 

9 

3 

14 


1 

2 

1 

4 


5 

4 


1 

2 


25 

5 

7 

11 

5 

1 

5 

1 

105 


7 

2 

1 

2 

1 

0 

2 

_0 

26 



In view of the fact that the tests wore performed exactly as 
Woldman, guarding against contaminations, and testing ^^pjgjgy )« 

following their collection, so that fi'ee phenolphthalein could to 

formed from the conjugated compound on standing, causes weie 
explain these wide discrepancies. Especially was an explanation so 
presence of the many false positive reactions. Nothin, Kime 1 , rii^- 

lieve that this is due to tlie fact that certain cathartics 
barb, senna, and cascara) impart a brovvm color to the urine u I ,jjj “ 
on the addition of alkalies. Furthennore, urorosein and uroeij 


similar color in an alkaline medium. 
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Table III 



1 1 

1 TOTAFa 

PATIENTS AVITU KNOWN 0.\S- 
TnOINTESTINAI. LESIONS 

CONTROL PATIENTS 

Gastrointestinal 

WITHOUT 

LESIONS 

AUTHORS 

1 KO. OP 1 
rATIENTsI 

NO. 

CASES 

% rosi-' 

TIVB 

99 NEOA-i 
Tire 
(false) 

NO. 

CASES 

9o POSI- 
TIVE 
(FALSE) 

% NEGA* 
TI\’E 

Kremor, 1). N., Shoro^ 

P. P., and Wiesel. 1 
B. 11.19 1 

137 

23 

50 

1 

1 

44 

114 

21 

79 

Suttenficld, t). F.so 

90 1 

12 1 

17 1 

83 

1 78 1 

23 

77 

Notkin, L. J., Kirsch, 

E., and Albert, S.3 

105 ] 

13 ' 

70 1 

30 

j 02 ; 

37 

63 

Le Vine, E., and Kirsner,' 
J. E.21 

115 

44 ^ 

1 

62 

38 

I 71 

46 

54 

Slutsky, B., and Wil- 
lielmj, 0. M .22 

14 

1 

30 

1 

64 

6 

j 50 

' 50 

Steigmann, P., and 
DjTiiewicz, J. 

200 

56 

78 

22 

144 

73 

ST 

E?kh, N. E. 

151 

46 

t 52 

1 4.S 

105 

1 24 

__ 76 


•Extcrimentally inrUiccR ulcers in dogs. 


In an early oxlianstivo study Pleig' proved that phcnolphtlinicin is a stable 
compound ivhieli docs not lireak domi in the gastrointestinal tract into phenol 
and plithalic acid, and when given by mouth in larger doses, passes into the 
tirine in its free state ivliich may be discovered by the addition of alkali. Von 
amossy,' who discovered the cathartic quality of phenolphthalein in 1902, found 
>at more than 85 per cent of ingested phenolphthalein is eliminated in the feces 
0 t e dog and that a minimal quantity of free phenolphthalein is recovered from 
e urine, the remainder appearing as conjugated phenolphthalein. 

Pantus and Dyniewicz' indicated that after small medicinal doses free 
P lenolphthalein is usually absent from the urine, but that the larger the dose, 
ai frequently docs free phenolphthalein appear in the urine. The same 
St' ' extensive studies on the elimination of phenolphthalein, demon- 

(019 ®nven students receiving approximately tlio same dose 

• - m.) as that used in the test, eliminated the following percentages of free 
aiill'” II'U total dose ; 0.1, 0.37, 1.06, respectively. Again, these 

slad'™* Meovered free phenolphthalein in 8.5 per cent of the urines of medical 
lies'll ^ ^ nf the patients at tlio Cook County 

Prcs^' Sastrointcstinal lesions. Since free phenolphthalein shows its 

I'om alkaline solutions in dilutions as high as 1 ;12,000,000 

a'»rce ™ liters),® oven the excretion of traces, which most investigators 

**■ ™ normal persons, or in those without 

gf tl ,5 ^ ° organic gastrointestinal lesions. The oeeurrence of these traces 
specific urine is tlie most important cause for its failure as a 

wversc number of negative controls. Fantus and Dyniewiez® 

rek™. narlicr conception by concluding that tlie smaller the dose the larger 
lesser a P'^eTcutage of free phenolphthalein appearing, probably because the 
its urin catharsis permits inci-eased absorption. This may account for 

“ej presence even with tlie smaller dosages. 
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More recently, Steigraaiin and Djmiewicz'’ believe that there is a ccrtahi 
minimnm of conjugated phenolphthalein below which no free plienolplitlialcin 
appears in the urine, and this amount is 5 mg. per 100 c.c. Therefore, in cor- 
roborating previous investigations,^® the amount of conjugated phenolphthalein 
governs the absence or presence of free phenolphthalein. Hence, any condition 
which will promote an increased formation or circulation in the blood of the 
conjugated form will lead to the appearance of the free form in the mine. 
This also contradicts Woldman’s assumption that free phenolphthalein depends 
entirely upon the presence of an ulcerative lesion. While increased intestinal 
absorption may play a role, the appearance of the free form depends so greatly 
upon the amount of the conjugated form that it is wrong, in their opinion, to 
attribute any' special diagnostic importance to free phenolphthalein in the nrinc. 

Patients ■with jaundice show practically 100 per cent free phenolphthalein 
present and would therefore appear to present a contraindication“' “ to the test, 
since conjugation and excretion in the bile of the phenolphthalein do not oceuv 
in a diseased liver and it is consequently excreted in the urine in the free form. 

All observers agree that cardiovascular-renal disease and the blood d\s- 
erasias give a high percentage of positive results, probably due to greater nnicosal 
permeability. According to Steigmann and Dyniewicz,® in tliese cases the free 
phenolphthalein appears when the conjugated form is in a concentration loner 


than 5 mg. per cent. 

It was more ditificult, to explain the presence of negative tests in patients 
with gastrointestinal lesions in which a positive test was expected. All peKons 
tested had acute gastrointestinal complaints and all diagnoses were corrobora 
by laboratory and roentgenologic findings. Tlie patients with gastrointes ^ 
disturbances, all taken from the acute wards, suffered from peptic 
and colonic malignancies, ulcerative colitis, amoebic dysentery, typioi 
gastroenteritis, diverticulitis of the colon, intestinal tuberculosis, and 
sis. It is possible that some of the carcinomas were not ulcerated an a 
no avenue of absorption, or that the other ulcerative lesions deie 
protective antiabsorptive process. Eoivland'® suggests that this is due o 
food or an adherent exudate on the ulcerations. Kremer, Shoi e, an 
are of a similar opinion. It may be that the dosage is the important ac ^ 

1.5 grains of phenolphthalein may give a negative test repeatedly, v ^ 


gives a positive test regularly in the normal person. 

Other objections are those assoeiated with the gastrointestinal 
which the test is capable of producing (Table IV). 
alcoholic solvent (10 c.c. of 95 per cent alcohol) in cases inad- 

of the upper tract, notably hematemesis and gastric ulcer, ^ is co 
\dsable. It has a tendency to produce temporary gastric distress • 
the possibility of further bleeding. Clark’® commented produce 

taken upon an empty stomach in concentrations above I P fg]. 

o-astric irritation and causes an initial secretion of gastiic j 
lowed by an inhibition persisting for as long as in 

ing increased gastric secretion is, of course, especially i ‘ and 

ulcer. Other vehicles for the phenolphthalein were oi 
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D.Miiemcz,® after a comprehensive stud}’ of solvents, to be unsuitable because of 
insolubility or marked irritability, making the use of an alcoholic solvent im- 
perative. 

T..\ble IV 


Toxic Effects of the PnEXOLPiiTHAtA:iN' Test 



CASES 

PEUCEN'T.VGE 

Nausea 

41 

30.0 

Vomiting 

9 

0.5 

ALQominul cramps 

16 

11.7 

Diarrhea 

11 

8.0 

Laxative effect 

72 

47.0 

Anorexia 

20 

13.2 

Shin 

0 

0 

Pyrexia 

5 

3.0 

Kidney manifestations 

0 

0 


Many of our patients complained of nausea and a few vomited; the vomit- 
ing may have been due in part to a superimposed psychic factor. Indigestion 
of subsequent food or anorexia was a source of annoyance for another group 
of patients. The most serious digestive derangement, however, was diarrhea. 
iUthough IVoldmaii states that a small dose of 0.3 Gm. is without laxative 
effect, Fantus and Dyuiewicz' record these effects in practically all of their 
normal individuals, even with approximately half as large a dose as that em- 
ployed in the test (0.06 Gm.). Some degree of laxation occurred in almost 
half our patients, while others® report it in as high as 80 per cent of their 
patients. Abramowitz® has indicated that the laxative action of phenolphthalein 
IS further enhanced when the drug is ingested in an alcoholic solution. Gunn^® 
pointed out that after its solution by bile and alkali in the intestine, phenol- 
phthalein produces purgation liy mild inltation of the small bowel and especially 
t e large bowel. Some of it may be absorbed and re-excreted into the intestine 
so that its purgative action may last for a few days. Such was the case in 
our gi’oup of patients, especially those with typhoid, ulcerative colitis, or gas- 
rie tnalignancy. It was even more pronounced where diarrhea existed pre- 
'•ousU. Loose movements persisted anywhere from one to three days and 
loT® ^ sudden rise in temperature, ranging between 101° and 

F-, notably with lesions of the lower bowel. Abdominal cramps lasting 
*^c\eial hour.s also occurred, especially if diarrhea was present. This was un- 
ou tedly due to the irritant effect of both the solvent and solute as previously 
^ eribed. Kcwmian,^^ in enumerating seventeen types of atypical skin lesions, 
and ulcerative colitis, as well as other evidences of phe- 
toxicity, mentioned that even small amounts used for “pink icing 
for coloring of candies, and in pink month washes and dentifrices” 
"'ay cause these lesions. 


such notice any skin manifestations in any of the cases, although 

scril fixed erythematous and multiforme types have been de- 

f AYise and Abramowitz,*® Newman,'^ and others. Eruptions 
Xo / although not very frequent, should be w'atched for. 

doses irritation or the constant slight albuminuria after small 

uo^t Hydrick/® were noted. However, this 

^ '^cn confirmed by Abramowdtz,® Fantns and Dyniewnez,^^ and others. 
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111 a coraprehensii'e survey of all plieiiolplithalein reactions reported up 
to 1935, Abvamowitz® stated the advisability of first testing a patient for sus- 
ceptibility to plxenolplitlialeiii with a small dose of 0.032 Gm. (0,5 gr.) or even 
less. The type of idiosjmerasy that exists points toward a sensitization of tte 
patient to the drug, especially in view of the small dosage and the occasionally 
long intervals between ingestion of the drug and the reactions. 

Altliongh von Vamossy^® raised objections against the existence of inimer- 
ous reactions which have been accumulated to date, the evidence remains over- 
whelmingly in favor of their oeeurrenee (except jiossibly for the presence of 
albuminuria), making the test further objectionable in numerous eases. 


CONCLUSIONS 


1. The phenolphthalein test for gastrointestinal lesions, although simpb 
and rajiid to perform, is not without many important disadvantages, The 
error in our series is 24 per cent for controls and 48 per cent for persons aitli 
definite gastrointestinal lesions. Other investigations concur in the high per- 
centage of error. 

2. Explanations are offered for the marked discrepancies occun’ingin W 

false positive and false negative reactions. . 

3. The test is definitely contraindicated in hematemesis, most cases 
acute ulceration, and acute diseases of the colon or acute 

chronic uicerative conditions. It is also valueless in cases of jaundice, can ' 
vaseular-renal disease, and blood dyserasias, _ 

4. Among the toxic gastrointestinal disturbances resulting 

vomiting, laxation, abdominal cramps, diarrhea, temperature eleiamo 
more rarely, skin manifestations. . 

5. Tlie phenolphthalein test cannot be recommended as a 
cedure for the differentiation of organic disease from functiona 

the gastrointestinal tract, or between gastrointe-stinal disease an pj 

side the digestive system which display symiptoms referable to tie s 
intestines. 
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laboratory methods 


QENERAL 


AN INEXPENSIVE POLARIZING 


DEVICE FOR, iMICROSCOPES* 


Hakry a. Deroav, M.D., Boston, AIass. 


1 \v>) ^ ^ uiinaij sediments of patients with renal disease, especklly 

nr,)o albuminuria is present, should always include the use of a 

- to discover the presence of doubly refracfile bodies 

^ 3SO lopic ipoids). Nieol prisms serve excellently to convert a stntidiii 
n o a, po aiizing microseotoe at a cost of about $50.00. Recently, Polaroid 
ma eria momited between white optical glass was introduced as a less expen- 

l^i'isms. The price of this polai-izing equipment, horn 
0 $ .00, may be too costly for many physicians for such specialized 
microscope accessories. During the past two years we have utilized thereia- 
^ rve y inexpensive Polaroid him of 3/1,000 inch thickness to convert a standard 
into a polarizing microscope at a cost of $2.00. In order to enable physicians 
to study uiinary sediments in their own laboi'atories hy polarized light "dth 
IS inexpensive mediinn, ive are iiresenting onr method of convetiiag the 
standard laboratory microscope into one which will serve this purpose, 
Polaroid film may be purehascdf in four inch squares at a cost of 
eacli (siiiifieieiit for two microscopes). Care must be exercised in handling the 
film to ai Old surface scratches. The eyepiece is removed from the mici'oscojic, 
and Its outer lens mount is unscrewed. On the outer circular rim on the midev- 
suifaee of the lens mount, a thin layer of clear, neutral Canada balsam h 
carefully apjilied. A circular piece of polaroid film is cut from the four iwh 
square of a diameter just a trifle smaller than the total diameter of therm, 
and IS carefully applied to the rim over the balsam. After the bal-sani hes 
hardened, within forty-eight to seventy-two hours, the outer lens mount is 
screwed into the eyepiece. The latter is replaced into the micro.scope aiidvi 
serve as the analyzer. A wider eii'cnlar piece of film is then carefully cut f'™' 
the remainder of the four inch square to fit the horizontal slot under 
condenser below the stage of the microscopic. This larger piece of fiiniismi' 
fully inserted into the slot; it should not be removed thereafter. Itvill®*^* 
as the polarizer. 

The converted microscope maj^ he used for the usual lahoralory juupo®^ 
by rotating the eyepiece so that the axes of the analyzer and polarizer 


Medical Service, Beth Israel Hospit.al, atitl the DeP' 
of Medicine, Harvard Medical School, Boston. 

Received for piibiication, January 13. 1940. 
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parallel. By slow rotation of the eyepiece one produces a reddish-purplish- 
black field (when the analyzer and the polarizer are at right angles) in which 
doubly refraetile bodies in the urinaiy sediment u'iU appear as glistening 
inaltese crosses. Care must be exercised to distinguish these bodies from 
debris, crystals, etc. 



Ejg. 1. — Diagram of polarizing micioscope showing location of Polaroid film. 


ith the polarizing microscope, prepared according to the method de- 
erned (I-ig. found doubly refraetile bodies in the urinary sedi- 

menfs of patients with the nephrotic syndrome associated with glomerulo- 

^Puitis, amyloid disease, thrombosis of the renal veins, diabetes and hyper- 
tension 



the measurement of red blood cell diameter 

BY THE DIPPBACTOaiETER.*' 

Katharine Edsall Smith, B.S., New York, N. Y. 

TS f «*■■»'«»” M- Wo ■"oAoj 

„T ‘ '<> '>»'■« >«oi » ""V i" «« 

11011" inrl 1- aiiemia, as did Eve.- Becaii.se it ivas of simple coastruc- 

pvpv jt '"'as soon to come into wider clinical use.=-= IIov- 

iiirl ' 1^^? ^ report of a halo method gaining popularity in this country, 

on y wo 0 om- textbooks®- ■ consider the procedure in detail. 

wmil ^ little actual exyierienee has been reported, we 

ns- rt present our impressions. Since July, 1936 , we have bcoi 
its”i? nzanufaetured by the Siieneer Lens Co. The mstrimeii 

e ^ is 1 eiy^ easy to use and may be attached to any monocular fflicrosco])e 
leie ^^0 optical mechanism invoh-ed. A small black cylinder wifhapi® 
ro e 111 t e lottom is attached in place of the objective. The eyepiece is replaced 
^ cylinder ivith a pinhole in the top and an adjustable device on the 

1-^1 halo. The micx-oscope mirror is adjusted to give tlio 

most light from any good lamp (see Pig. 1 ) . The slide is inserted in a slot in tbe 
top cylinder and rests above tlie measurer. Eitiier a stained or an imstaiucd 
smeai may be used, but the blood side should be placed doivn. 

^ icn one looks into the instrument he sees a wliite spot in the center sur- 
rounded by a yellow halo whicli shades into a red periphery. The two parallel 
r ac i bands on tlie outside are adjusted so that they just touch the outer rira 
of the red halo. The reading is then taken from the sliding scale and comparcu 
wit 1 conversion table to give the mean red blood cell diameter in microns. 

\ e have done approximately a thousand determinations b.w tbl® ' 
yeiy^ patient having even a mild degree of anemia has at least 0110 wean 
cell diameter, more often he has several. Very high w-hite counts interfere low 
a distinct halo; for this reason, we do not attempt readings in patients w > 
leiieemia. Occasionally polycythemia offers technical difficulties and an e.vtrcnie 
degree of anisocytosis may blur the outline of the halo. , 

The success of securing an accurate reading lies in having a smeai 


1- to dc- 
souref-i 
obtain 


one cell thickness. The good smears give a clear-ciit halo, and it is easy 
termine the exact edge of the red circle. Herein lies one of the main 
of error, for two observers may not agree on the outline and thus may 0 
different readings. Table I sliow-s bow- these results may- vaiy hetween 
pie. The maximum variation betw-een the readings of two observeis nsnn 
same smear is 0.4 jm, as compared with 0.3 y w-hen the same observer 
different slides. Even this slight en-or malces very little diagnostic diftcrc 


•From the Presbyterian Hospital, Non- York. 
Received for publication, Januarj- 26, 1940. 
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Table 1 


Showing Vabiations in Mean Cell Diameter Readings on Two Patients as Obtaixebbv 
Two Observers Using the Same Slide and Dieferent Slides 


patient m. m. 

j patient a, c. 

DATE 

SLIDE 

1st 

OBSERVER 

2nd 

observer 

DATE 

SLIDE 

1st 

OBSEPATR 

2.\7/ 

OflSEKVE 

2/17/.39 

1 

9.0 

9.0 

3/23/39 

1 

S.4 


2/18/39 

1 

8.S 

9.2 


2 

S.4 



9 

9.0 

9.3 

3/24/39 

1 

S.C 

s.4 


3 

8.S 



2 

8.4 

S.4 


4 

8.9 

9.1 

3/25/39 

1 

S.o 


2/20/39 

1 

9.1 

9.3 


2 

8.4 



2 

9.2 

9.4 

3/28/39 

1 

S..3 


2/21/39 

1 

8.9 

9.1 ! 


2 ' 

8.4 

8.3 

i 

2 

9.1 1 


3/29/39 

i 1 

8.3 

S.4 

2/23/39 

1 

9.2 

8.9 


2 

8.5 

8.5 


2 

9.3 

9.0 1 

.3/30/39 

1 

8.7 

S.5 

2/2S/39 

1 

8.9 ! 

8.8 ' 

\ 

2 

8.0 

S.5 


9 

9.1 

8.9 

3/31/39 

i 

S.C 

8.4 

3/ 3/39 

1 

8.9 

1 8.9 


1 2 

8.7 

S.4 


2 

8.9 

i 8.9 

4/ 3/39 

1 

8.4 

i 8.^» 

3/ 4/39 

, 1 

S.S 

8.9 


o 

8,5 

s.4 


, 9 

8.8 

8.8 

4/ 4/39 

1 

8.5 

S.-5 

3/ 7/39 


S.7 

8.9 


2 

8.5 

S.5 



8.7 

8.7 

4/ 5/39 

1 

l5 

S.4 

3/ S/39 


9.9 

8.8 


2 

8.4 

S.5 



9.0 

8.8 

4/ 0/39 

1 

8.G 

Si 

3/ 9/39 

1 

8.9 

8.8 


2 

8.4 

5.5 


2 

S.S 

8.8 

4/ 7/39 

1 

8.4 

s.4 

3/13/39 

i 

8.9 

9.0 


2 

8.5 

S.0 


9 

8.8 

8.8 






Table II 

Mean Red Blood Cell Diameter Results Obtained by the DiFFRACTOitETEr. Metboi) 
Compared With the Pkice-Jones Technique 


PATIENT j 

1 PRICE- JONES .METHOD 

j niPFRACTOMETER METIIW 

1st observer 

2nd observer 

1st OBSERVER 


1 

7.0 

7.8 

0.9 


2 1 

7.3 

7.9 

7.0 


3 

7.2 

8.1 

7.2 


4 1 

7.0 

7.8 

7.5 


5 

7.7» 

7.9 

7.2 

70 

6 

7.7 

8.1 

7.0 

01 

7 

S.o 

9.0 

8.9 


s 

7.7 

' 8.5 

7.9 

74 

9 

: 0.9 

S.O 

7.0 


10 

1 7.8 

8.7 

7.5 _ 



As a mattei’ of interest tivo of ns obtained mean cell diameteis on 
smears by the Priee-Jones and Diffractometer methods. Table II .shoBS 
ence of as much as 1.1 ^ with the Priec-Jones method, and onl.i O.^/' 
diffractometer method. Needless to say, there is a vast difference 
consumed by the tivo proeedure.s, the halo method I'eqiiiriiig on!.' a 
tiro, and the direct measuring thirty minutes or more. tj]id>'nc=^- 

The halo method may be criticized because it does not mcasiue cc 
HoAvever, there are feiv cases of anemia ui which mean corpusou ai 
more Iielpful in determining microcytosis or macroeytosis than mean 
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cter. Technical errors may limit the accuracy of both methods proportionately. 
A smear preparation is much easier to obtain from the standpoint of both the 
patient and technician. 

No claim of perfection is made for the diffractometer, but over a period of 
three years it has proved itself a simple means of obtaining red blood cell size 
within a reasonable range of error. It is an instrument which might be a real 
help in any hematologic laboratory. 


CONCLUSIONS 

1. In over 1,000 mean cell diameter determinations the diffractometer has 
been found to he simple, efficient, and sufficiently accurate for all clinical pur- 
poses. 

2. Tables are presented to show that the errors inherent in the method 
are relatively insignificant, 

3. The more general use of this method is suggested. 

1 am indebted to Miss lUyne for her technical assistance. 
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AN ECONOMICAL AND EFFICIENT DISTILLING DUST TRAP 


Lois M, Bragg, A.M.T., Dexisok, Tex^vs 


PRACTICALLY no laboratory worker has failed at one time or anotlicr to 
experience the need for an efficient means of keeping dust from entering tk 
distillate in routine laboratory distillations. 

For a number of months I have used one of the ordinary spiral vaxcd paper 
drinking cups, such as is usually found in almo.st every liospital or business in- 
stitution. These cups are conical in shape, and in use the tip is simply cut ofi 
and tlie cup pushed up on the condenser tube with the large end down. In this 
manner the oup may be slipped down so tliat it covers the moiitli of the recciung 
flask, thus providing a protective shield against dust. 


A CONTRAST STAINING METHOD FOR HEMOSIDERIN PICAIEN’T 
IN HEART-FAILURE CELLS 


Albert Katz, B.S., Louishlee, Kt. 


T he methods in use to demonstate hemo-siderin pigment offer no mean 
differentiating the heart-failure cells from tlie surrounding leucoej 
some cases it is difficult to demonstrate these cells because no ^ 

is offered. Isolation of such cells is also difficult because the 
colorless save for the stained hemosiderin pigment gi'annles vlnci 
appear in unstained cells. 

A new staining method here pimsented allows for a contrast. ^ n 
or urine, or other material for examination, lencocytes appearing i ^ 
failure cells are eounterstained by Wright's stain, and the 
bright gi’een stain. The hemosiderin pigment stands out in gpiintd 

granules against the well-stained liasic blue and acidophilic re o 
leucocj-tes and other cells. ^ 2 ] 

3Iethod for Stahwig.~-(1) Make smear of sputum in usual 
dry. (3) Fix with heat. (4) Apply a 10 per cent soluDon_o 
ferroeyanide and an equal quantitj^ of tenth-normal .^fifteen mm*’b-'- 

slide. Flood the slide thorougblyx ( 5 ) ^bis to stan or ^ | 9 ) 

(6) M''asli in water. (7) Diy thoroughly. (8) Apply pry 

Add buffered water for five minutes. (10) Wash in valer. 
oushly and examine under oil. 


Received for publication, Februar>- 14. 1940. 

700 



A iVtODEL MOUSE CAGE 


R. L. Grhene, Pii.G., Notre Dame, Ind. 


A new type of cage provides optimum living conditions for animals, which 
arc indispensable requisites for trustworthy experimental work in biologi- 
cal laboratories. Fig. 1 shows the*cage and run-wa}' ready for use except nest- 
ing material. Pig. 2 shows the nest and run-way disconnected. The length 
over-all is 36 inches; the run-way is 30 by 4 by 3 inches. 



5 ft- — 4* bottom for nesting cage; B, nesting cage. 5 Vi bj' 6U by 4 Inches, holds 

V. fnpir«Miu i?® giving access to run-way; D, false bottom— aluminum 30 by 3% inches, 
which fastener and door — aluminum — for closing end of run-way : F, salad holder 

wmch prevents contamination of fresh vegetables and fruits. 



Fig. 2. 

bottlj^'^ space on the side of the run-way is the feed box. The water 
on th ^ cradle. The nest is supported securely and easily 

in« ^ by a metal strip pointing downward towai'd the circular open- 

o, n lie 1 engages with a vertical strip on the top of the run-way. Removal and 
^cst are thus made easy. 

of the paper pulp — heavy blotting paper — covers the false bottom 

Tiiis to be replaced by a fresh one as soon as it becomes soiled. 

S’oilct/'' ■'^^^oniplished quickly and easily by opening E, withdrawing the 
*it K inserting a clean one. The mice prudently deposit their excreta 

To^ from the nest as possible. 

\vhioh 1 laboratoi-y floor space, the cages are supported on a rack 

^voul(t i-° ^ units. Forty-eight cages on three racks, housing 250 mice, 

_ ^^Pnie only a small corner of a room, 4 bj' 11 feet. 

®'l for Publication. January 29, 1940. 
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The square boxcage, shown on the floor of Fig. 3, is a staiidaid type o; 
cage used extensively in biological laboratories. Ventilation, sanitation ami 
opportunity for exercise are utterly inadequate. The long run-ivay of the new 



Pig. 3. 

model gives an abundance of fresh air and unlimited chance rack- 

the mouse walking upside down on the ceiling of the ^ type 

The hygienic advantages of the modern cage over the o V ]ijgli 
glaringly obvious. This kind of cage is admirably adap e dic 

biology classes on account of the minimum amount of time 
unit tidy and odorless, simply by replacement of the flooi ma 



A SIMPLE AND ACCURATE MICROFRAGILITY TEST FOR 
MEASURING ERYTHROCYTE RESISTANCE^ 


A Combination ^IicnonEMOPiPETTE Method 


ICvTSUJi Kato, Ph.D., Chicago, III. 


TUilEROUS methods have hcen devised and revised for the purpose of test* 
UN ing the resistance of the red blood cells to various hemolytic and hemotoxic 
i agents. Quantitation of hemolysis may be expressed in terms of aiij' of the 
ifollowing criteria: (1) the depth of red color due to dissolved hemoglobin de- 
iveloping in the hemolytic media in which the erythrocytes have been suspended; 
j (2) the percentage volume of the unhemolyzed corpuscles, as determined by the 
) hematocrit method after centrifugation, since the hypotonic solutions cause the 
icellsto expand until the maximum distensibility (the “critical” volume) has 
•been obtained; or (3) the number of intact erythrocytes remaining in the 
’hemolytic solutions, as enumerated by the liemocytometer method. These cri- 
[ teria may be used singly or in combination. 

Each of the above-mentioned methods of measurement possesses its own 
'^erit and yields satisfactory results in the hands of experienced observers who 
■ have mastered its teclmical details. The simplest and perhaps the most reliable 
' criterion, however, appears to be the one which estimates the degree of hemolysis 
the tinctorial density of the red supernatant fluid resulting from the presence 
of varpng amounts of hemoglobin liberated from ruptured corpuscles. This 
b the oldest principle of the test as first devised by Hamburger (1883) and 
adapted for clinical use by von Limbeck (1896) and by Ribierre (1903). Be- 
came of its simplicity and accuracy, this method, with repeated modifications 
hy Theobald Smith (1901), Ivarsner and Pearce (1912), Hill (1915), Giffin and 
Sanford (1919), Fontaine (1921), Daland and Worthley (1935), and Beebe and 
anlej (1936), is still today most extensively used. 

The hematocrit method, first thoroughly investigated by Hamburger (1902) 
by van Allen (1925) and his followers, particularly Silvette 
' ^ -0 and Guest and "Wing (1939), is unsatisfactory unless accompanied by 
icr criteria, since the estimation of packed cell volnme often yields doubtful 
primarily because of the presence of “ghost” cells and of unavoidable 
TM^ from differences in the speed and duration of centrifugation. 

P^*‘tieularly true when determinations are to be made on patients with 
; ■ anemia accompanied by oligocythemia, 
of V of intact erythrocytes reraaining in the hypotonic solutions 

concentrations is also an old method, first proposed by Chanel 

Apartment of Pediatrics, University of Chicago, 
d for publication. February 17, 1940. 
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(1SS0) and lalor rafiiicd Iiy Simiufl (Hl'i:}). ijcaki- and I’latt (192‘)), Wcujl 
and Cliasc (I!)2H). and Wlutliy ami llyncs (102.')). This aiptliod mar lie ac- 
cnrak'. linl tin- ))rc.scni-i' nf lianmly/.i'd cidls witli intact stvoina among the ttak 
nniicinolyx.cd odls may lead to confnsinfr results. Moreover, the use of a (oant- 
ilifi chandler for enieh concentraton of salt solutions is tiinc-cmi.summg. and th 
jireiiaration of hyiiolonie solutions, as devised liy .‘^imtnel, is complicated. To 
overeonu' this defeel, llarvc'v (11)27) jiroposed the use of only one pipette acd 
a standard liypotonie diluent of 0.2.') ])er cent solution of sodium chloride. 

A variety of heinolyiie and hemotoxic snhstances have hocn cmplo.u-d i« 
induce hemolysis for testinir the erythrocyte resistance. The agent longest ia 
use is sodium chloride in different i-onemit rat ions, this having heen flr-st ufilhci 
hy .lohannes Duncan in 1H()7 and hy Mala.ssez in h‘^72. and in 1900 Taipt* 
))rononnced a scale ('onsistinir of gradually increasing dilutions to ho the i ■" 
method.’' Other suhslanees used for the ])ni’pose are sodium oxalate, h- 
sidfate. sajionin, and sapotoxin. as well as other vegelahlc and animal 
'I'he stoeh solution recommeiideil hy Simmel contains sodium chloride, po a- 
chloride, magnesium chloride, ealeinni ehloriile, sodium hipha-.phate, an 
hiearhonate. Another method, einjiloyed hy Theohald Smith (!> ’ ! . ^ 

\Yiseman and IVierhaiim (1'.122) is that 'd’ using dihded. scrum or 
from the hlood .samples to he te.sted for erythrocyte lrngilit>. 
scrum used hy Chanel contained one gram of sodium .sulfate in 05^5 

The hemolytic action of these various suhstance.s^ upon ei^ 
according to iih.vsiiml and chemical eharacterislics. ^ othtB 

and indol) eau.se the cell memhrano to hecome more The 

(sugar and lecithin) increase the resistance of erythioe.xte ^ jnipoi- 

cnec in the hlood serum of inhihitory or accelera lire suhslanees 
taut factor in vinderstanding the mechanism of licniol.xsis ni xi 


VIVO. 


Nearly all the methods mentioned, except the testing 

use of venous hlood, a feature which oflors a ^ jpspnbcd 

fragility of red hlood cells in small infants. 2 lie niefhot^ / m its .simplf** 
alien)])! to I'oduec the leeliniipie of erythi'oeyle fragild.x tis pj|]Q,.i,le soh'd'”'' 
hy using only six difi'erent eonoeni rat ions of h.\ imtonu sot m ],e emphs 

and the least ])ossi!)le amount of eapillary hlood. Inei( on a • rcq''ir<^‘*^ 

sized thiit the mieronretliod hero described, hemuisc o 1 ic c- ^ j.psults rt'’ 
mixing the sirline with distilled water in eorreel piopoi V ’ ||,(,(ls, 

ai’c fai' )noro aeeui'ate than any ot tire prevailing maeio.’ 

uKscuirnoN or tiik incuorRAfiii.nv ,j„iiiice<’ 

Insinmrnis and Utensils Ucquired for the Jest. I oi 
the mici'ofi'i)gili1y test a .set of six combination miciolicmo] pj.epare(l 
holders (Kalo, 1938) ai-e n.sed. Tlie hyjiotonic eWoride » f 

0.9 per cent solution of ehemically pure recently di)e reconiwc® ^ 

tilled water, the dilutions licing made according to t le pioP p;i,e 

•Combination microhoinopipctles lunl metal hobleis ar' 

Scientific Co., nttsburKb, Pxi. 
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in Table I. For obtaining the blood sample (see below) a hanging-drop slide 
with a central well (14 mm. in diameter and 3 mm. in depth) is employed.* For 
mbeing the blood with hypotonic solutions a white porcelain spot plate provided 
with twelve depressions is most useful, since the entire series of dilutions can be 
prepared in rapid succession. 

Table I 

Graduated Scale of Cokcentr.vtioxs of Sodjum CiitxjniDE Solution 

RECOM^tE^*I)ED FOR USE IN MiCROFRACILITY TeST 



39 

12 

0.315 

40 

12 

0.300 

41 

12 

0.285 

42 

43 

12 

12 

0.270 


niost important concentrations wliicli must be inciucled in the test. 
c.nim hypotonic salt solution in all the concentrations tabulated above is 

The salt ^ incident to manipulation. 

concentration (C) of any mixture may be calculated from the equation : 

0 9% NaCi (c.mm ) + Blood tc.mm.) « „ _ « 


Punctiirr”*^^ — Capillary blood is obtained from a deep skin 

either ' l manner and is brought immediately into contact with 

enable ti? powder or donble oxalate mixture, the latter of which will 

time if to use the same sample for testing tlie prothrombin clotting 

(^’^‘*to, 1940). The proportion of either anticoagulant to the 
tiou thcL ‘‘^‘Tiuple should he in the neighborhood of 1 rbOO. In this propor- 
oi exert a negligilde influence upon tlio osmotic equi- 

'Thiis for cells and produce no alterations on the packed cell volume, 

hiooq h^Tlorniance of microfragility test approximately 0.2 c.c. of capil- 
1 — _ ^ i-s iceoived into tlie well of a hanging-drop slide, containing 0.4 mg. 

'*' S drop slides (cultuie slides) can be obtained from Clay-Adams Co., New A'ork. 
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of an anlicoairulanl. This amonnl of anticoaKiilanl can he accurately (lelivmd 
liy introducing 20 c.nnn. of a 2 per cent, solution. The double oxalate solution 
has the following composition: 


Potiissiuin oxiiliite 
Aiiimtinium oxalnfc 
Distilled water 


0.7i) Gm. 
1.25 Gm. 
100.00 c.c. 


The hoiiarin .solution of similar concentration is made from cnido licparin in 
distilled water. 

The blood samiile jircparcd jiccordin<i to the. foretjoing method is then pW 
in a moist chamber until tlic test is performed. 

Prcpfirddnn of Erjflltroculc Euxprnsionx. — To jirepare the suspensions ot 
erythrocyto.s in hypotonic .solutions, the .sjiccifiod amount of 0.9 per cent stto 
solution of sodium chloride is first drawn up into a combination microknio- 
pipotte and ctirefully c.xiadlcd into one of the dcpre.ssioii.s of a .spotplate. Usin. 

the same ]dpettc, the distilled water, also in the corre.sponding specified amount, 

is measured out, and added to the .saline. The two reagents are then gent y n 
thoroughly mixed hy alternately drawing up and expelling the mixture in it 
bore of tlic pipette. Finally, with the .same i>ipelte the s))ccificd 
homogenized blood is ihorouirhly mixed with the hy])ofouic solution, an 
suiting .suspension is at onee drawn up to the top mark (50 ® 

pipette, thus avoiding any waste of the suspension. The j g 

pension, prepared aeeording to the proportions recommen c 
exactly fiO c.mm.. allowing, for loss of n]iproximately 30 This 

adhere to the .surface of the utensil during the preparation o 
manipulation requires a little .skill which, however, can „ fixture 

a few trials. If the blowing force is too strong, huhblc Ihetop 

will invariahlv cause a shortage of the susjicnsion to fill Ihc pip 

• * - . .1 * m t 


mark. If too mneh of the suspension is lost, in this xway, or ” ' ^ 


other ffef' 


a new one mn.st. ho ])re])ai'od to insure uniform results, cspcci 


,i.,lly with referent'' 


to the coll volume in each piiicttc. 


ends of t!if 


After the suspension is drnwn up to the top * and correc'l'' 


pipette arc at once closed hy immobilization in the meta ’ rpjjg s,iine 

labeled according to the mnnhor corresponding to cac i .^per the entire 
process is repeated for each concentration of salt ™ ” '”1' .^1 positions on “ 

.series of dilutions have been prepared, they arc left m ‘ • joUyreversn'- 

flat .surface and allowed to remain so for at least one action of soluf®® 

the po.sit.ions of the pipetle.s to permit the complete lenio • jioidere arc th® 
n])on the snsiiendcci erythrocytes. The The ^ " 


centrifuged for ten to fifteen minutes at 2,500 i.p.m. , ’] „oj.vedas 

. . .. , T . ;4„l.r,Hfn„nn.nvnOWbCOUSCi' 


each pipette and the collnlar layer at its bottom may no5\ 


to the®- 

of 


tent of hemolysis. , I for the series 

Jiccordim/ ilic 7fc.swZ/.s.— The concentrations ^ ,o include oi 


icludc on'f 


-Tlic — — , jQ jn...- 

six pipettes used in the microfragility test have been ,,„,„o]vsis norma .’ 


^ inolysis - 

the two critical ranges; namely, the range m ]iem'olys>s 


the two criucai ranges; nammy, 

occurs (first four pipettes) and ^ blood beyoaa m 

frequently observed (last two pipettes) . I oi i 
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fancy the concentration at which initial hemolysis occurs is usuallj’ 0.435 per 
cent (the second pipette), and occasionally 0.420 per cent (the third pipette), 
and complete hemolysis is 0.330 per cent concentration (the last pipette). These 
two critical concentrations can be used to designate the span of hemolysis, con- 
veniently recorded as 0.435/0.330. Undoubtedly, even under normal conditions 
slight variations may occur, hut the selection of the two critical ranges recom- 
mended is based upon experience gained in performing a large number of tests 
on normal human blood. If too great a deviation is found in citlier direction, a 
repetition of the test is necessary by changing the scale of concentrations in 
whichever direction indicated. 

Table II 


Average Normal Fragility op Human Erythrocytes 


(Microfragility Test) 


PIPETTE 

KO. 

i 

0 

3 

4 

5 

6 


SALT CONC. 

(%) 

DEGREE OP 

HEMOLYSIS 

volume of 

GHOST CEIiLS 
(C.MM.) 

VOLUME OP 
INTACT CELLS* 
(C.MM.) 

0.450 

0 

0 

5.0 

0.435 


0.1 

5.5 

0.420 


0.5 

G.O 

0.405 


1.0 

5.0 

0.345 


Indistinct 

2.0 

0.330 


Invisible 

0 


column represent the values of packed cell volume of unhemolyzed 
Sincp number of cubic millimeters after centrifugation (compare with Fig. 1). 

whotp wnftfi upon the percentage volume of packed erythrocytes In undiluted 

wrcMfapo each diluted specimen may be more accurately expressed in relative 

i^rcentage of the packed wliole cell volume. 


In recording tlie degree of liemolysis tlie depth of the red color, due to the 
presence of dissolved hemoglobin, affords tlic most reliable criterion, but the 
pee "ed erythrocyte column found at the bottom of the pipette also yields valu- 
e e mformation (Table II). In the second pipette, in wliioli initial hemolysis 
normally occurs, the red color of the supernatant fluid may he so slight that 
' s election may require a careful comparison with tlie first pipette in which 
o jsis IS negative. But a trace of hemolysis in the second pipette is almost 
jniaria ly accompanied by the presence of a very tliin layer of transparent 
mmo 3 zed cells, the so-called “.ghost” cells, overlying the packed intact erythro- 
l/* concentration of the salt solution decreases, the “ghost” cell 

red''^ l” • increase in proportion to the augmenting intensity of the 

in ™Pcniatant fluid. At the same time there is a gradual decrease 

npnque intact erythrocytes after having increased at initial 
licm complete hemolj'sis is reached, at which point there is no 

column of intact cells and the red color of the solution is so intense 
^ c ghost” cells are completely obscured (Fig. 1). The percentage volume 
“ho "nhemol.vzed erythrocytes in each pipette after centrifugation may 
''ccoided in comparison with the packed cell volume of the whole blood, 
such unavoidable errore in dealing with a small amount of blood 

ui Die for the microfragility test here described, the observation 

cc \ohime alone does not yield consistent results of any particular value. 
Ploviii'. ^ exact quantitation of hemol.vsis by use of a colorimeter em- 
" '‘'''•'^‘'U'd solution of hemoglobin for comparison liavc I)ecn made by 
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some observers, iKirtieiilnrly Lapiecjm* JinO Vfisl (189!)), JiCpesrlikm (in32),!!i:il 
WjuikIi ami Aslierman (lO.'lS), 1ml sueii jiroeediires appear to be fnlircly un- 
ncfCKsary inasmueli as ll)(‘ quaDtilative estimalioii of liberated •lieniodobiiii! 
not the primary object of the lesl. Foi’ pra<'tieal elinieal purposes it is (jiiilc- 
snfileitujf to imlieato the ran*ie of lu*molysis by siuijiiy notiii" Ibt' eoncentriitiori.' 
of salt solntion in wbieh hemolysis begins ami emls, iii tiie manner indieattii 
in Tal)lo IT. 


0 




Degrees of Hemolysis 


+ 

i 

i 

f -t- 

i 

-j- tH+ 

I 

1 

1 

1- ' 

, < 

! 

: 

1 i 

^ -u. 

i > 

1 

. 

r 

1 

[ 1 

1 

li 

11 

i 1 

11 


Iho 

in 


i Z d ^ ^ ^ 

■ InractCells 1 Ghost Cells Q DissoWHeni#* ^ 

laMimim (.■li v.ilumo 1.-= nl.mm.-.l In a nnU tlif Initlrtl i 


COMMKNT 

Tlie mierofra<rilit.v lesl here deserilted is an ^^.j^gjohj-poio" 

commonly used met bod for metisurin!r the resistance of (] 

solutions of sodium chloride. Tlirce distinct advJinla.uics o j,pqi,irc(l I' 

sim]>lici1y in technical maniituhilion ; (2) small amotm ° , ^^jgj,p],emopil>d* 
11, c test ; and (8) accuracy altiuned by the use of ],emol.vsis » 

which facilitate llie exact observation not only of the overlkst' 

supernatant fluid, but also of the volume of " yt ,„ay be ^ 

column of opaipic intact erythrocytes. The micro ragi ^.psearcb on swab ( 
vcniently used in ]icdiatric ]>raclice and m hema r- 
perimenlal iiniimds. j^„,„l,cr of nor"’ 

According to the rcsult.s obtained from initial Iwn'o’-' 

human beings, the microfragilily lest. q ^35 per cent 

that occurs al the sodium chloride coneenfaaiio 1 . • 
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plete hemolysis at 0.330 i)cr cent, giving an average of 0.1 per cent as a normal 
liemolysis span. Slight variations may be found from time to time, but under 
normal conditioius the re.sistance of human eiytlirocytcs against hypotonic salt 
solutions remains remarkably constant. Any significant deviation from the 
nonnal range mentioned, especially in the point of initial hemolysis, usually 
indicates the presence of erythrocyte anomaly and calls for repeated observa- 
tions. A few examples of instances in which abnormal fragility has been found 
are summarized in Table III. 

Table III 


ABN'oiiMAii Fragility ix Various Con'dition's 





PACKED 






: R.B.C. 

IIB. 

(GM. %) 

CORPUSCLE 

ICTERIC 


IIEMOL- 

Dl.SEASE 

(MIL- 
, LIONS) 

L 1 

VOLUME ! 
(%) 

VOLUME 

(CM) 

(MURPHY 

UNITS) 

YSIS (% 
roNc. 
Nn(’l) 

YSIS (7o 
CONC. 

xarl) 

ODgenital hemo- 
h’tic icterus 

;t.75 


30 

88 

30 

0.450 

0.375 

(Remission) 
Catarrlial jaundice 

4.82 

12.9 

37 

83 

120 

0.433 

0.255 

.eucemia, acute 

l.dd 

4.4 

18 

125 

2 

0.405 

0.315 

hemorrhagic 

3.54 

G.7 

22 

G9 

2 

0.405 

0.330 

theumatic carditis 
Inemia, chronic 
infection 

4..3.'1 

1.81 

13.8 

2.8 

40 

12 


2 

2 

0.450 

0.:i90 

0..3G0 

0.285 

femorrliagic dis- 
ease of newborn 

G.21 

1S.9 

02 


15 

0.480 

■ 0.345 

iemorrhagic dis- 
ease of newborn 

(1.10 

19.0 

03 


30 

0.510 

0.300 

'omal newborn 

5.09 

IG.O 

55 


20 

0.525 

0.3.S0 


nost iii^portant clinical conditions in which the tost pi’oves to be 

j1 jaundice so frequently seen in various types of liver disea.se and 

ha^'r Chauffard in 1907 first demonstrated the increased 

liav * * ^ erythrocytes in congenital Iiemolytic jaundice, numerous observers 
striking phenomenon. In one instance of this disease the 
in test performed during a remission disclosed only a sliglit increase 

enin" ^ fragility, namely, 0.450/0.375 per cent, indicating a definite short- 
hemolysis. In a case of moderately severe catarrlial 
Hemoir^ pronounced bilirubinemia (A'aii den Bergh 15 units) tlie initial 
was “^^^^^rred at a normal concentration (0.435 per cent), but the liemolysi.s 
( 0 ‘> 5 r until the concentration reached an abnormally low level 

Ihiriiiff^q^ ^^>^t), indicative of a great prolongation of the hemolysis span, 
(entir terminal stage of a case of acute leucemia with a marked anemia 
•here ronnt 1,560,000) and extreme leucopenia (leucocyte count 900), 
Praelicap^^ hicrease in erythrocyte resistance (0.405/0.315 per cent), 

atolv results in fragility tests were obtained in a case of moder- 

anemia (erythrocyte count 3,540,000) in a 7-year- 
Kilitv iv ?? rlieumatie carditis in a quiescent stage erythrocyte fra- 

‘’'^vancod^J ‘decreased (0.450/0.360 per cent), while in one instance of 
icumatoid arthritis with a pronounced anemia (crythrocjde count 
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1,810,000) an abnormal increase in erythrocyte resistance (0.390/0 285 per «w' 
was noted. In normal nendy born infants it is customary to find a disfincS ir- 
erease in erythrocyte Iragility (average 0.510/0.300), a phenomcnoinviiiei. si. 
islactorily explains the patliogenesis of physiologic iaimdice of the neivkni. 

The most remarkable instance of greatly increased erythrocyte fradlitv 
was seen in a newborn infant with erythroblastosis fetalis (icterus 
neonatorum) with a high icteric index (150 Murphy units). Tlie mierofragilitj 
test performed toward the end of the first twenty-four hours of life revoakd 



1 3 5 8 14 20 

Days after Birth 

sp.ins of erythrocj-tes 5n a case of erj'UiroWasto^s fetal). 
^°te increased fragility with prolonged hemolysis spans o 
nve oa>s of life and gradual return to the normal span upon recoverj'. 


initial hemol.ysis at a concentration of 0.630 per cent and complete hcmol'^'- 
at 0.375 per cent (Fig. 2). Upon repeating the test on subsequent dafeSj it 
found that erythrocyte resistance gradually’' increased so that by the 
day of life the cells began to hemolyze at a concentration slightly aho^e the ^ 
of normal range. Incidentally, it is to be noted that the gradual 
erytlirocyte fragility in this infant coincided with the decrease in 
number of nucleated red blood cells, which on the first day of life ivas as iL 
approximately 75 per cent of the total nucleated blood cells. 


These findings, though purely accidental, throw some light on 


llic patho?*''’' 


esis of extreme jaundice so characteristic of this disease. Icterus 


inv 


both physiologic and patliologic, has been the subject of repeated i 
by numerous observers, hut as yet no conclu.sive evidence of 
etiology has been demonstrated. The accidental findings here iccoi 
very strongly the possibility of increased erythrocyte fragiiit>> "u 
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'.bilirubincmia as being the fundamental cause of jaundice in tlie newborn. More- 
; over, in all probability, this increase in fragility is due to the I’apid destruction 
of nucleated red blood cells which are so abundantly found in various organs as 
well as in the peripheral blood. Tlie severity of jaundice appears to be in direct 
proportion to the increase in crythi'ocyle fragility, since erythrocyte fragility in 
* normal newly born infants with physiologic type of icterus is only slightly in- 
' creased and never to the extent seen in icterus gravis neonatorum. A more com- 
- plete investigation of erythrocyte fragilitj' in the newborn will be given in a 
later report. 

FRAGILITY OP jrAJUfALIAN AND AV7AN ERYTHROCYTES 

The fact that the resistance of erythrocytes against hemolytic agents is 
specific not only in each species of animals, but also in different individuals of 
the same species, was conclusively demonstrated by Hamburger (1902). The 
■ results of observations obtained by means of the microfragility test performed on 
the blood of mammals and birds, summarized in Table IV, reveal a great varia- 
tion in erythrocyte fragility in the different species. 


Table IV 


Microfraqility Test m Mammals, Pigeon, and Man 


SPECIES 

AVERAGE 
NORMAL R.B.C. 
(MILLIONS 
PER C.MM.) 

PACKED 

CELL 

VOLUME 

(%) 

CORPUSCLE 

VOLUME 

(CM) 

INITIAL 
HEMOLYSIS 
(% CONC. 
Nad) 

FINAL 
HEMOLYSIS 
(% CONC. 
Nad) 

Sheep 

Kat 

Rabtit 

Mouse 

Dog 

Guinea pig 

16.00 

7.50 

7.00 

5.00 

10,00 

6.50 

5.50 

55 

33 

50 

40 

80 

55 

50 

34.5 

44.0 

71.4 

72.7 

80.0 

84.0 

91.0 

0.G15 

O.COO 

0.480 

0.570 

0.535 

0.450 

0.450 

0.480 

0.450 

0.375 

0.450 

0.330 

0.300 

0.330 


2.75 

33 

120.0 

0.405 

0.3UO 

Man imlant) 

G.OO 

55 

90.0 

U.510-0.450 

0.315-U.30U 


4.00 

35 

88.8 

0.435 

0.330 


5.00 

45 

90.0 

0.420 

0.330 


. ^1^ on the fragility tests in animals demonstrate the definite relationsliip 

■ mg between the volume as well as the shape of the red blood cells and their 
against hypotonic salt solutions. The fact that the fragility 
diameter of the cells was first noted by Vallery-Radot and 
susc" while Castle and Daland (1937) proved that differences in the 

to Tff various types of erythrocytes to hemolysis are due principally 

in n form and not to differences in osmotic behavior. Haden (1939), 

painstaking studies of the peculiarities of erythrocytes in con- 
Qf tliig icterus, concludes that spherocytosis, which is so characteristic 

t!. the essential factor in increased fragility. 


this 


connection it is also of interest to note the striking observation re- 


poi-ded hv -p : ” 

inline ' ■‘^J'^vosch (1907), namely, that the hemolytic action of hypotonic 

P'sist resistance of mammalian ei-j-throcj'tes exliibits a reverse of their 

1 ^ saponin. Ponder, Saslow, and Yeager (1930), in re-examining a 
aibcr of resistance series of erythrocytes from various animals, have 
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proposed the hypothesis that in any hemolytic system certain pliYsicoclicmiosl 
changes take place Avhich affect the permeability of cell membranes, specific lo 
the erythrocytes of each species and giving rise to different resistance series. 

The increased fragility of erythrocytes in pigeons, in spite of their Iiigh 
mean corpuscular volume, requires separate consideration, inasmuch as their red 
blood cells are all nucleated. 

SmiMARY 


A new microfragility test, utilizing the same principle as that originally 
emplojmd by Hamburger and used for clinical purposes by von Limbeck and by 
Ribierre, and later modified by numerous workers, particularly Gifiln and 
Sanford, but greatly simplified and especially adapted for use in small infants 
and animals, is described. 

As tested by this method, initial hemolysis of normal human eryilirocyfcs b 
found to occur at an average of 0.420 to 0.435 per cent concentration of sodium 
cliloride solution, while complete hemolysis is most frequently seen at 0.31o to 
0.330 per cent concentration. The normal range or span of hemolysis is tbii> 
approximately 0.1 per cent concentration. The sini]3licity and accuracy of the 
test are the features especially adapted to routine hematologic examination. 

A few illustrative examples of the results obtained by this method in ''ori® 
diseases characterized by abnormalities in erythrocyte fragility are 
The striking increase in erythrocyte fragility in a case of erythrolilastosis 
(icterus gi’avis neonatorum), as revealed by the microfragility test, suggas s 
fundamental mechanism in the causation of icterus in the newborn. ^ 

The normal hemolysis ranges of erythrocytes in a fev ' j. 

pigeons, as measured b.v the microfragility test, are also recoide m 
liininary report. 
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CHEMICAL 


THE USE OP OSTEOTROPIC DYES IN A MODIFIED LINE TEST 

FOR VITAJHN D*' 


Gustav J. Martin, Sc.D., New York, N. Y. 


' j ^HERE are three methods for the estimation of vitamin D; the estimation 
A of tlm ash content of liones (hnmeriis or femur) tlie line test;" and tbo 
x-ray examination of bones.^ The determination of asli content has never re- 
ceived wide acceptance, as it is a much more tedious process than the line test. 
Hume and co-workers'* evaluated this technique and found that when the per- 
centage of ash was plotted against the logarithms of the doses, a linear relation- 
ship between the two variables was revealed, showing that as the doses were m- 
creased in geometrical progression the calcification increments advanced in 
aritlunetieal series. It is an excellent method but, for practical reasons, it n 
difficult to apply. 

The x-ray technique was studied by Bourdillon and associates,® nho at- 
tributed such an increased accuracy to the method that they listed , 
f erent degrees of healing in rachitic rats. Compared to the hone ash met 
radiographic comparison is equall 3 ' accurate, and because it is easier to app . 
is the better of the two methods. 

The line test is the more generally accepted procedure because it is 
sive, requires no special apparatus, and presents no teclmical difScuIties. 
and others'* in a “ critique ’ ’ of the line test, state that by using 100 
error is reduced to 4 per cent. The line test depends upon the 1^5 

silver phosphate to black colloidal silver following exposure to light ” 
the different types of healing as the epiphj’-seal, m ■which new jn 

dowm in a narrow line at the distal edge of the cartilage; first 

which deposition occurs at the metaphjms; and the diaphj’'seal, in 
calcification is diaphjmeal and contiguous with the trabeculae t a r^^^ ^ 
rickets develops. The latter is useless for the line test. The ine^^^ 
delicate, since it detects veiy earlj^ stages of healing which x-iaj 
Bone, whether newlj^ deposited or not, gives the reactions invo ve 
method. Deposition of bone when it does occur is not uecessari j p^juplicat^ 
of calcification examined in the line test. These facts fiequen 
the accurate diagnosis of a bone section. jiguc 

As uncalcified tissue vvnll not stain wnth hematoxylin, an^ pd 

will, a method of hematoxjdin staining has been used, but, a^a < 
differentiation bet-v\men the ne-wly formed and the old bone. of 

Gottlieb" suggested the use of alizarin and purpurin in (fie lof"- 

formed bone. The suggestion was made that the mechanism 
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concentration of calcium ions. The use of alizarin and of purpuriu was studied 
by Cameron,® wlio injected sodium aliziirin sulfonate in a 2 per cent solution. 
Bones started developing the color in five minutes and Became most intensely’ 
colored in twelve lioui-s. Anthrapurpurin and purpurin gave less pronounced 
results. Cameron used the method in studying fi*acture callus in the rat. The 
callus was unstained at ten days, deeply stained from ten to sixty days, and 
practically unstained thereafter. Alizarin was also used to stain the calcified 
areas produced by ln*pervitaminosis D. A method used by Brash® consists of 
feeding madder and then stopping the administration so that new bone growtli 
is white, while all bone formed during the madder feeding period is stained from 
pink to red. This seemed to he the clue to a liighlj’ specific line test modification. 
The mechanism of the osteotropic dye is suggested by Ercoli*® to be an adsorption 
phenomenon. The sodium alizarin .sulfonate is irreversibly fixed and a red com- 
plex is formed. Phosphate ion is liberated in this mechanism. 


EXPERIirEXT.\L 

Sodium alizarin sulfonate, a water-soluble derivative of alizarin, is recom- 
mended by Cameron® for its osteotropism. We administered 1 c.c. of a 2 per cent 
solution to 60 Gm. rats and found we were above or at the fatal dose. The dosage 
^as cut to 0.2 c.c. of 2 per cent sodiiun alizarin sulfonate and found to be harm- 
less, but it gave no distinct coloration to the bones. The compound showed no 
marked osteotropism, probably because of its water solubility. 

^ext, a 2 per cent suspension of alizarin in water was used. One cubic 
centimeter each was injected intraperitoneally into 20 rats. No bone coloration 
'vas observed in any of the supplemented animals. Here the complete insolubility 
of the alizarin prevented its being effective. Examination of the peritoneal 
cavities of these animals showed unabsorbed dye in large amount. 

Finally, sodium alizarinate was used in a 1 per cent solution in water at a 
pn of 8.0. In one experiment of twenty-four-hour duration, 1 c.c. of the 1 per 
cent sodium alizarinate solution was injected intraperitoneally. At the same 
bme, supplements containing varying amounts of \dtamin D in oil were given 
oralh. Twenty-four hour.s later the animals were killed, and the radii and 
ae were removed, split lengthwise, and examined microscopically. The nega- 
tive controls showed no coloration or a faint pink tinge, indicating the absence of 
new bone formation. If any coloration is seen, it is generally disseminated, 
onng the entire bone and assuming no definite pattern, a state such as occurs 
c oinng new calcium deposition. Three rats receiving a total of 0.3 units of 
^tamin D showed 1+ and 2-!- healing by our scale. The calcium deposition may 
o^'ur along the line of calcification in the epiphysis or the diaphysis, and yet 
met coloration, which can be used in assigning a value of healing, is obsen'ed. 

^ total of 1 unit of "idtamin D showed a 2+ and 3-!- healing, 
ijj 1 *^ . semitransparent, it is possible to observe macroscopic differences 
^^Icnsity without cutting them. It is possible that a twenty-four-hour 
can be developed, using macroscopic examination. 

Ten rats were used in a two-day test. One cubic centimeter of 1 per cent 
^uni alizarinate was given intraperitoneally on the first day to all rats. Six- 
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tenths unit of vitamin D was given to t!ie supplemented animals in hvo doses 
of 0.3 unit each. Forty-eight hours after the first dose of vitamin ]) ivas given, 
the animals were killed and the bones were examined. Values of 3+ and k were 
assigned to the degree of healing seen. 

Arbitrary values are assigned to divide into six divisions, from 0 to 6, (tie 
range of healing from absence of coloration with no vitamin D to the coloration 
of the bone at complete healing. A value of 6 indicates complete healing. Chmt 
1 iliustrates these stages of healing. 


Table I 


CoMPAUisoN OP Silver and Alizarin Line Tests 


Two-Day Test 


(Numbers indicate the degree of healing.) 


NEGATIVE 

CONTROLS 

STANDARD 

0.95 UNIT DAILY 

STACT.IKD 

1.9 UNITS J-ULV 

SILVER 

alizarin 

SILVER 

ALIZARIN 

SILVER 

AUZAEIN 

0 

0 

2 

3 

s 

5 

0 

0 

2 

3 

3 

5 

0 

0 

1 

2 

2 

5 

0 

0 

2 

3 

0 

4 

0 

0 

3 

3 

2 

0 

1 

0 

3 

S 

3 

4 

0 

0 i 

1 

2 



unknown 0.1 c.c. 1 

UNKNOWN 0.3 C.C. j 

UNKNOWN U.O I'A. 

calculated 0.31 UNIT 1 

CALCULATED 0.93 UNIT 

CALCULATED 1.9 UMTS 

DAILY 

DAILY 1 



SILVER 

[ ALIZARIN 

SILVER 

! alizarin 

SILVER 

■- R 

0 

1 

2-3 

3 

4-5 


0-1 

1 

0-1 

4 

4-5 


1 

1 

2 

3 

S-4 

5 

0 

1 

4 

4 

4 . 

1 1 

0-1 

1 

0 

3 

2 

1 5 

0 

1 

1 

1 

2 

2 

3 

3 

5 

2 

L-i— 


A series of tests was conducted, using both the silver staiuiRo 
alizarin techniques. The results are recorded in Table I. This 
more uniform result where alizarin was used. In this group 
alizarinate was given intraperitoneally on the date of the first 
vitamin D, and the hones were examined forty-eight hours latei. gj.jtoacai 
The second series of sodium alizarinate animals was given m 
djm (1 c.c. of 1 per cent) after the third dosage of vitamin ini- 

daily doses. The hones were removed and examined on the si-xt 
proved coloration was noted which, compared to the silver me 
results in Table II. _ fliizavinak 

A third .series for comparison was conducted by giving the ^ fir?! 
(0.3 c.c. of 1 per cent) on three different occasions; at tie ffn') 

vitamin D supplement, on the third day, and when the fina over *1=*^ 

vitamin D was given. The group showed no material f}je,.efore, 

second series in accuracy, and the additional administrations a j-ecordcfi 
garded as unnecessary. The results of this smallei gioup 
Table' HI. 
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Table II 

Comparison op Silver and Alizarin Line Tests 
Five-Day Test 


(Numbers indicate the degree of iiealing.) 



NEGATIVE 1 

i STANDARD 

STANDARD 


CONTROLS 

1 0.95 

UNIT DAILY 

1.9 UNITS DAILY 

SILVER 1 

ALIZARIN 1 

SILVER 1 

ALIZARIN 

! SILVER 

! ALIMBIX 

0 



0 

3 


5 

4-5 

C 

0 



0 

2 


5 

5 

C 

0 



0 

1 


4-5 

3 

C 

1 



0 

3 


4 

t 5 

6 

0 



0 

0 


5 

4 

C 

1 



0 

3 


I 4 

; 

5 

UNKNOWN 

0.1 c.c. 

UNKNOWN 0.3 C.C. 


CALCULATED 

0.31 UNIT 

CALCULATED 0.93 UNIT 

, CALCULATED 1.9 UNITS 


DAILY 1 


DAILY 

DAILY 

SILVER 1 

[ ALIZARIN 1 

1 SILVER ! 

ALIZARIN 1 

SILVER i 

ALIZARIN 

0 



1-2 

3-4 


4-5 

4-5 

G 

C 

c 

c 

C 

5 

1-2 



2 

2 


5 

5 

0-1 

i 


2 

1 3 


5 

3-4 

1-2 



3 

1 2 


4-5 

5 

2 



2 



4 

5 

1-2 

1 


2 

! 1 


4 

3-4 


Table III 

Comparison op Silver and Alizarin Line Tests 
Five-Day Test, Alizarin Injected for Three Days 
(Numbers indicate degree of healing.) 


negative controls 


SILVER 

ALIZARIN 

SILVER 

0 

0 

3 

1 

0 

3-4 

0 

1 

2-3 

1-2 

0 

S 

1-2 

0 

4 

0 

0 

3 

1-2 

0 

2 

1 

1 

3 


STANDARD 0.95 ILNTT 


daily 

ALizAKiK_ 

5 

4-5 

5 

i-5 

5 

5 

5 

4-5 


DISCUSSION 

Cameron® has pointed out tliat alizarin is a nearly specific stain 
It reacts readily in vitro or in vivo ivith recently deposited calcium sa s, 
normal or pathologically formed, but it fails to stain older l,y ,i 

nitrate is not a test for calcium or phosphate ; the black reaction is 
variety of solids, the anion being more important than the cation, pf 

out by Bills and associates,® deposition of calcium following a mni 
vitamin D may not occur along epiphyseal or diaphyseal lincS; gjjj?. 

not, the silver line test is useless. Hematoxylin does not deposit’®” ®'' 

though it often identifies areas in which changes favorable to i® It 

calcium salts are taking place. Alizarin stains only nc« •'. or 

stains these calcium deposits whether they are epiphysea , c great®’’ 
physeal. It follows that greater specificity, greater app ic” ” • ’ 
speed result from the use of alizarin. 



























webeh: recovery of carbon tetrachloride from tissue 


71? 


SUMJLUIY 

A modified line test involving the nsc of an osteotropic dye, alizarin, is intro- 
duced. Greater specificity, greater applicability, and greater speed result from 
its use. 
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recovery of carbon tetrachloride prom tissue* 


lONE IVeber, S.B., M.A., Ph.D., Bbookeyn, N. Y. 


"THE difficulty encountered by Gettlcr and Siegel' in the recovery of pure 
carbon tetrachloride after addition to tissue seemed to me to be due to the 
loating of the carbon tetrachloride in the presence of tissue. The first step in 
leir method is steam distillation. Wliile they were able to recover the carbon 
Mracliloride by rectification after steam distillation of carbon tetrachloride in 
'■aler, the method failed when applied to carbon tetrachloride added to tissue. 
" le latter case a part of the carbon tetrachloride was converted to chloroform. 
" oniate heating, the method here described was devised. 


THE APPARATUS 

fhe apparatus is shown in Fig. 1. The ground glass joints connecting A 
seal ]' ■ ^ ^ ‘™ 45-50. The tube 19 is a Gettler collection tube'' ^ 

amet' t’ottom of C. This collection tube is 13 cm. long, has a di- 

rubber ^ rapacity of 3 e.c. graduated in twentieths. By means of 

( . '^™um tubing E is connected to two glass traps in series. The second 

'■acuura through an ordinary closed-end mercury manometer to a 


pump. 


Elask A 


from f 11 ' supported by a condenser clamp at the neck, and C is prevented 
loosely'^ "''■r fastened tightly around the neck of C and coiled 

mwl l' l*^ horizontal portion of E. Tlie usual glass hooks sealed in above 

fl’r glass joint and rubber Imnds may also he used. 

Reck A*": Uhemistry Department of Brooklyn College, Brooklyn. 

'"'0 tor publleatlon, July j,. isio. 
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.n. a«„;:r:SLnf .1 ™ s:" t ""t 

in the DeR^ar to prevent soontan^ i" gkss .vool had been placrf 
lamb's brain, Half of the tissue, gnon.! 

eliloride was taken (room temperatnre')’ Tt of the carbon Idra- 

gradiiated in hundredths. The sLnd j 

attached and th^ .t , S^’e^sed with Luhriscal, B and (J to 

the first tran and ^ ^ ^ 

for the lenAh nf f ^ f tetrachloride were allowed to freeze 

xor me length of time indicated in Table I. 



ac 1 of the two traps was immersed in a Dewar containing dry ice, acetone- 
an g ass wool; the stopcock in the side arm of B w'as opened and the mcnnni 
pnmp w as turned on. TJie pump w^as alloived to run for about ten niinntes aft^'' 
le minimum pressure was attained, which averaged about 0.5 /nm- Hie 
coc V was closed and the rubber tubing w’as disconnected. „ 

le aige Dew^ar containing dry ice and acetone w'as shifted from xi f® ’ 
the le%el of the liquid being adjusted to the midpoint of the bulb 0. The 
was immer.sed to tlie bottom of the neck in wuater at about S-S'' C., and the*- 
tillation was allowed to run for tlie length of time indicated in Tabic I- ( | ’ 
end of the distillation tlie stopcock was opened to allow’ the prc-ssiu'c in®' 
come to that of the atmosphere, and then closed. The apparatus was 
so that onl.r the low’er lialf of the collection tube J) was iinniersed in tbe ei i 
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and acetone. When all the solid in C had melted, C was disconnected at the 
ground glass joint, stoppered with a cork, and the collection lube immersed in 
water and kept at the temperature at which the carbon tetrachloride had been 
measured until no change in volume could be observed. Tlie amount of the dis- 
tilled water above the carbon tetrachloride varied from 0.05 to 2 c.c. In spite of 
scrupulous cleaning, first with soap and water and then with cliromic acid or 
concentrated nitric acid and drying in an oven, the bulb C always contained 
droplets of moisture at the end of the melting. After water was dropped into C 
to wash this moisture into D, additional carbon tetrachloride was sometimes re- 
covered. 

Table I 


TISSUE 

fGM.) 

ccl, 

(c.c.) 

FREEZ- 

ING 

TIME 

(MIN.) 

DISTIL- 

LATION 

TIME 

(min.) 

RECOV- 

ERY 

Cc.c.) 

RECOV- 

ERY 

% 

BOILING 

POINT 

ORIGI- 

NAL 

BOILING 

POINT 

RECOV- 

ERED 

MA- 

TERIAL 

REFRAC- 

TIVE 

INDEX 

ORIGIN \L 

REFRAC- 

TIVE 

INDEX 

RECOV- 

ERED 

MATERI.VL 

75 

1.00 

120 

90 

0.95 

95.0 

70.0 

70.(5 

1.4(507 

1.4(503 

50 

LOO 

GO 

135 

0.95 

95.0 

70.0 

70.0 


L4G02 

50 

1.00 

45 

GO 

0.93 

93.0 

76.7 

70.4 


1.4G07 

50 

1.00 

120 

100 

0.90 

90.0 

70.0 

7().0 


1.4002 

50 

1.00 

GO 

153 

0.93 

93.0 

70.0 

7(5.0 


1.4003 

50 

1.00 

130 

45 

0.95 

95.0 

7C.0 

70.0 


1.4003 

45 

1.00 

00 

GO 

0.93 

93.0 

70.4 

70.4 


1.4G07 

50 

' 1.00 

SO 

80 

0.95 

95.0 

76.0 

7().{5 


1.4G05 

50 

0.50 

Go 

82 

0.40 

80.0 

7G.C 

7(5.5 


1.4C03 

50 

0.50 

GO 

GO 

0.40 

80.0 


7(5.;5 


1.4C07 

50 

0.75 

110 

90 

0.70 

93.3 

70.0 

7(5.7 


1.4610 

50 

0.70 

GO 

CO 

0.()3 

90.0 

70.0 

70.7 


1.4608 

50 

0.70 

73 

GO 

0.C5 

92.9 

70.0 

70.0 


1.4G06 

100 

1.00 

135 

155 

0.95 

95.0 

70.0 

7G.0 


1.4G10 

100 

1.00 

GO 

120 

0.95 

95.0 

7C.G 

70.G 


1.4009 

100 

0.70 

GO 

115 

0.G4 

91.4 

70.(5 

70.5 


1.4609 

100 

0.70 

65 

140 

0.61 

87.1 

7G.7 

76.2 


1.4606 


0.50 

CO 

105 

0.45 

90.0 

70.7 

70.7 


1.4G05 

100 

0.50 

80 

90 

0.45 

90.0 

70.0 

70.8 


1.4C07 


The recover}’ in cubic centimeters and percentage is given in Table I. The 
punt} ^^vas detennined hy tlie microboiling point, Siwoloboff 's method,^ and the 
ractive index of the carhon tetrachloride layer. The boiling point of the 
*^^1011131 carhon tetrachloride was determined at as near tlie same pressure as was 
P^aeticahle. Tlic refractive indices were corrected for temperature by applying 

general rule: refractive index decreases 0.0004 per degi’ce Centigrade rise 
above 20®. 

All recovery samples and the original were tested for chloroform in carbon 
achloride hy the eyclohexanol, alpha-naphthol, potassium hydroxide method.^ 
^ gave a negative result, 

A small amount of frost always appeared in the glass traps. The rate of 
Q '^^^ation on warming to room temperature suggested water. On only one 
‘ Jon Was tliere a sufficiently large drop for a boiling point determination. In 

case it was water. 

of the tissue apparently does not affect the purity of the 
and ■ *^oterminations 1, 4, and 17 in Table I, the tissue was very putrid, 

many other cases it was several weeks old. 
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DISCUSSION 

I lieiieve some carbon tetrachloride is lost during its introduction into fte 
distilling flask. There is a strong odor of carbon tetrachloride during tliis 

process. Also, while calibration of the collection tube against the pipette using 
mercur 3 - shows a check to 0.01 e.c., the transfer of 1 c.c. of carbon tetrachloride 
from the pipette to the collection tube at room temperature shows a loss of 0.02o 
c.c. It maj' be possible that the carbon tetrachloride present in tissue poisoned in 
vivo maj’ be frozen at a low temperature, the tissue ground and introduced be- 
fore thawing sets in, and the carbon tetrachloride recovered with less loss. It is 
also possible that some carbon tetrachloride is vaporized during the melting, or 
that some remains in the distillation flask. 

The method should be adaptable for use in isolating ether or am* other 
liquid immiscible udth water which boils below 100° C. from tissue or other 
similar mixtures. 

SIBBL4BY 

A low temperature, low pressure distillation method for the recover.v of 
carbon tetrachloride after addition to tissue is described. 
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A SIMPLIFIED MICRO TEST OP PLASMA PROTHROMBIN* 


John E, Karabin, M.S., M.D., and Edward R. Anderson, M.S., M.D. 
Chicago, III. 


A SIMPLIFIED micro test of plasma prothrombin based on the principles of 
the Smith test has been found to be as accurate as the Smith test used by 
us for the determination of the prothrombin clotting activity of the blood. A 
useful micro Quick test has been devised by Kato* but it is as complicated as the 
Quick method’ because of the number of steps and ingredients involved in the 
test. However, as in the Smith method,’ the simplified micro test as herein sug- 
gested depends upon the use of only blood and thromboplastin. Utilizing the 
principle of the Smith test, the micro test was investigated and was found to 
bo surprisingly accurate and simple to perform. The test was done on pa- 
tients suspected of having a hypoprothrombinemia and checked by the 
Smith method. The results were recorded in per cent of prothrombin clotting 
activity (Tables I and II). 


The micro test is performed in the following manner : A puncture wound 
IS made in the ear, finger, or heel, and with a Kato microhomopipette SO to 40 
c.mm. of blood are drawn into the tube. This is transferred immediately to a 
"■ateh glass and mixed with 10 e.mm. of thromboplastin. t The glass is tilted 
back and forth until a clot is formed. The time recorded for the formation of 
the clot is divided into the control prothrombin clotting time obtained in the 
same manner from a normal individual. The result is the per cent of pro- 
thrombin clotting activity of the patient. Dangerous levels are those below 70 
per cent. Hemorrhage may occur when these levels are reached. The time 
mind by this method is usually five to eight seconds longer than the time by the 
untn test. However, the percentage result is as accurate as in the Smith 
method. The only difficult}' encountered in the micro test is the determination of 
le end point of the clot. 'With practice the exact end point can be readily 

determined. 


he advantages of the micro method are obvious. It does not require a 
'■enipuncture and necessitates very little equipment and time to perform. Since 
^nipun ctnre is unnecessary, it may be done on infants without difficulty. It 


I>epartmcnt of Surgery. Universilj* of Illinois College of Medicine. 

IThrn'm!! '’ubllc.'ition, August 6. 1940. 

triUfial is obtalnea from rabbit brains or lungs. Approximately 25. Gm. of the 



*«aae on a normal 


liluted with saline so that the normal 
econds. The activity of the thrombo- 
for the sample of thromboplastin use3 
•st Is performed on the patient. 
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Table I 


COJtPAKATIVE PLASitA PROTHROMBIN VALUES FOB TJIE SMITH AND THE MICRO MHIIOD Tim 
UPON Normal Individuals Using the Same Thromboplastin So™ 


patient 

1 Normal 

2 Normal 

3 Normal 

4 Normal 

5 Normal 

6 Normal 

7 Normal 


PEOTHROAIBIN CLOTTING ACTIVITV 


SMITH METHOD 

26 sec. or 100% 
26 sec. or 100% 
28 .sec. or 100% 

30 sec. or 100% 

31 sec. or 100% 
30 sec. or 100% 
30 -see, or 100% 


MICRO METHOD 

33 sec. or 1007r 

34 sec. or 100% 

34 sec. or 100% 

35 sec. or 100% 
.17 sec. or 100 % 
37 sec. or 100% 

36 sec. or 100% 


Table II 


CojipARATivE Plasjia Prothrombin A'’alues in 8 Patients .Suspected of Having a 

Hypoprotiirombikemia 


The per cent plasma prothrombin activity as determined by the micro mcfliol is fotis! 
0 coincide with the clotting activity as determined simultaneously by the Smith method. 


PATIENT AND DIAGNOSIS 

1 Choledocholithiasis 

2 Choledocholithiasis 

3 Choledocholithiasis 

4 Choledoeliolitliiasis 

5 Cholecystitis 

6 Cholecystitis 

7 Carcinoma of pancreas 

8 Cholelithiasis 


1 PnOTHROXIBIN CLOTTIKG ACTIVlTr 

1 SJtlTH 

METHOD 

1 MICRO METHOD 

43 

sec. 

or 

72% 

50 

sec. 

or 

70% 

38 

sec. 

or 

71% 

46 

sec. 

or 

74% 

36 

sec. 

or 

84% 

40 

sec, 

or 

80% 

30 

see. 

or 

100% 

30 

sec. 

or 

100% 

30 

sec. 

or 

88% 

38 

see. 

or 

8S% 

25 

sec. 

or 

84% 

30 

sec. 

or 

83% 

32 

sec. 

or 

79% 

38 

sec. 

or 

80% 

24 

sec. 

or 

86% 

32 

sec. 

or 

87% 


may be done as quicklj’’ as a leucoej'te or erythroci'te count, and in acenrac) 
compares favorably with the Smith test. 

burgh.^Pa of Kato may be purchased from the Fislier Scientific Co., Ph*- 
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CONSISTENT BLOOD SUGAR VALUES OBTAINED FROJI RABBIT 
HEART BLOOD SAjMPLES*^ 


S. C. Werch, ]\[.Sc., M.D., Chicago, Ile. 


T he use of tlie rabbit for ])lood sugar estimations has often been questioned. 

Still the animal has been used, and in most cases has fiu’nished the required 
hiformation even if tlic data obtained were handled conservatively. Certain 
objections have remained, nevertheless, and in particular the influence of excite- 
ment. Even the trained animal becomes excited during car vein puncture 
for peripheral blood ; and in taking heart blood under ordinary precautions, 
excitement nearly always occurs and internal injury frequently takes place. In 
order to overcome tlicse and other well-known objections, the following technique 
was put into operation, and the normal blood sugar values obtained (Hagedorn- 
JensenU were subjected to statistical analysis. 


TECHNIQUE 

No anesthetic or assistance is needed in carrying out the technique, but a 
nuiet room and a rabbit board of adequate length arc essential for success. 

The rabbit is gently lifted by its cars onto the lower short edge of the board 
and is hold in an upright position (Fig. 1) until loops arc placed on its ex- 
tremities. After its hind legs are tied close, tlic rabbit is slowly lowered until its 
>ack rests on the board (Fig. 2). Tlie forelegs are slowly drawn in the di- 
rection of the head and tied. Tying is necessary to keep the animal from rolling 
o^cr. These steps arc facilitated if the gi-ip on the rabbit’s ears is maintained 
'Mth one hand until thc other has completed the tying. The animal may be kept 
fluiGt for hours if its nose is stroked at intervals, or when deemed necessary. 

Heart blood should be taken only after the rabbit has been resting on its 
act a few minutes. A syringe with a No. 19 or 20 gauge needle has been found 
is introduced from the left costal region, and the blood is 
rawn slowly. AVhen samples are taken at widely separated intervals, the 
) 1 may be lifted from the hoard and placed in a box until needed again, 
'1 lout icmoving the ties from the extremities. 


EXPERiaiENTS AND RESULTS 

int sugar estimations were made on samples procured at the following 

wer^d^^* minutes. Two scries of experiments 

jji series, including 25 animals, the rabbit was kept on the board 

entire period of four hours. In the other scries, 75 
*noiits placed in a box between the intervals. The latter experi- 

^Hidy of the effect change in position would have on blood sugar 

School.^C®ago Department of Physlolo^- ana Pharmacologi', Northwestern University Medical 
^cccl\ed for publication. February 10. 1940. 
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Table I includes the mean values (m) and theii' respective standard deria- 
tion (crm) for the experiments during which the animal was kept supine for 
four hours, as well as ivhen it was placed in a box between the time infervsh. 
For the six intervals the mean values range betiveen 74.12 and 77.00 mg. pet 
cent in the first series, and between 77.70 and 81.15 mg. per cent in the second. 




Fig. 


The greatest obtained difference, therefore, 
mean of the six means of the former group is 
tlieir difference is 3.89. 

DISCUSSION 


is 2.88 and 3.45, 

75.45, and of the latter, < • 


The 


Statistical study of the blood sugar 


;■ value.s revealed fail' supinf 


means obtained in the series of experiments when the anmia pj 

for four hours gave obtained differences which fell w'cll wi 
error of the blood sugar method. This was also true when one i 
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the means obtained in tlic series ivhen the animal was placed in a box between 
tlie intervals. Comparison of the two series indicated that one gains very little, 
if anything, by keeping the animal supine for a period of four hours. 

Tadle I 


Blood Socae Valoes in JIillioeams Per Cent Obtained bt the Haoedoen-Jensen Method 


INTER7AIS IN 
MIMTTES 

25 RABBITS SUPINE POK 4 HOURS 


M 

dll 

M 

<ni 

15 

74.12 



±6.20 

30 

75.00 

5.17 

78.30 

5.G0 

60 

77.00 

7.18 

79.80 

7.63 

120 

74.67 

3.75 

81.15 

5.60 

180 

75.50 

4.80 

79.70 

5.83 

240 

76.40 

5.87 

79.50 

6.24 


Several advantages are observed in the technique described. Skill entirely 
eliminates excitement in the animal. The method of handling, omission of an 
anesthetic, the facility with which heart blood maj- he taken in adequate quan- 
tities, all help furnish more accurate blood sugar values. With care the animal 
™ay be used again and again. 

CONCLUSIONS 

A technique is described which permits heart blood to be taken from rabbits 
without tlio need of an anesthetic or assistance and which renders consistent 
blood sugar values. 
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effect op ingested iron on tests for occult blood 
IN stools* 


A(.i,e.v S. Johnson, M.D., Springfield, Mass., and Ernest B. Olii'f.r, M.D., 
Birmingham, Ala. 


J not infrequently important to determine whether a patient, who is re- 
ccning iron by mouth to correct an anemia due to gastrointestinal hemor- 
losing detectable amounts of blood. Tarry stools are not significant 
of ' iTon. Inquiries, therefore, were instituted among a number 

'“'“Sists and laboratory workers to determine whether the usual chemical 
<liv “'^oult hlooil in the stools were reliable under these conditions. The 
'fsitj of opinions suggested that actual experiment was indicated, 
she foiuid that large amounts of red meat in the diet may 

the m ^ positive benzidine test for occult blood in the stools, even though 
free usually remains negative, seven persons were first put on a meat- 

. ■ After several days their stools were tested and found to give no 

Hospital, SpringBeld. 
tor PuMlcatlon, March 11 , 1940. 
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reaction for occult blood Avith either benzidine or giiaiac reagents.* Each in- 
cividual was maintained on the same diet and given in addition 32 urafeMr 
of ferrous .sulfate by mouth. A.s soon as the stools became tarrv the henzidk 
and giiaiac tests were again applied. To our surprise tlie gaaiac tests were re- 
peatedly positive and tlie benzidine tests were consistently negative .so long 
the ferrous sulfate resulted in tarry stools. The iron was then discontinued ami 
the stools were again tested for occult blood as soon as the tarry eharacfcristfe 
disappeared. Both benzidine and guaiae reagents once more gave negative re- 
sults as before the iron was administered. 


Nine other persons who were found to have both benzidine and guaiac- 
negative stools on the ordinary hospital diet were gteen daily 30 grains of fer- 
lous^ sulfate by mouth. As soon as their stools became black they iverefomid 
to give a positive reaction with the guaiae test but not with the benzidine test. 
After discontinuing the ferrous sulfate the stools of these patients gradually 
became guaiae negative, with the exception of one, as they lost their tarry 
appeai’ance. This patient continued to produce stools that gave a positive reac- 
tion as late as five days after the tarry color had disappeared. The nine patients 
who had received double the usual therapeutic dose of ferrous sulfate did not 
produce guaiao-negative stools until several days after the excreta had iosttiieir 
tarry color, whereas those who received only 12 grains daily gave giwiac- 
negative stools as soon as the stools regained their normal color. 

As a check on these observations the following in vitro experiments 'rent 
carried out. A solution of ferrous .sulfate was made up from the tablets in 
therapeutic use, and the usual tests were carried out with both benzidine am 
guaiae reagents. Positive tests wei’e again given by guaiae but not by heMidiat- 
Our pathologist, Dr. F. D. Jones, suggested that the false positives vnfii t n 
guaiae reagent were due to tannin which gave rise to blue iron tannate. Accoi^ 
the benzidine reagent was used on a solution of ferrous sulfate and erne 
chloride to which a small amount of tannic acid powder had been addec. 
eharacteristicalty blue reaction was then obtained as in the case of the gnaw- 


reagent. 

Because chloropliyll, which imiiarts tlie green color to many 
composed of pyrrole rings as is the hemoglobin molecule, it was thong h 
this substance might givm rise to false tests for occult blood in the stools. ' 
phjdl was, therefore, extracted with alcohol from various green 
tested with both the guaiae and benzidine reagents. Both tests were ne,,a 


CONCLUSIONS j 

Benzidine may give a falsely positive test for occult blood 
if the patient is eating considerable meat. This appears to be less Ij t 
the guaiae test, which gives a falsely positive reaction for blood if * ^ 

is receiving enough iron by mouth to produce tarry stools. Tlie bcnzi ^ ^ 

is not affected by iron either in vivo or in vitro. Chlorophyll failc o = 


positive reaction with either guaiae or benzidine in vitro 


bit of feces witli a few Crops of glacial accUc ac a iJ-* 

■ resultant paste. 


♦Benzidine test: Acidify 

benzidine powder mixed with sodium perborate over the 
color indicates a positive reaction. 

Guaiae test: ^lake the feces into a thick paste with water and aciaiO 
glacial acetic acid. To this add an equal volume of fresh alcoUoiic reaction* 

and add an equal amount of hydrogen peroxide. A blue color indicates a i 


r.idifr mth a 



THE DETERJITNATION OP HIPPURIC ACID IN URINE*' 


Ida Kraus, Ph,D., and Sou Dulkin, B.S. 
Chicago, III. 


T he estimation of lup])uric acid in urine after the ingestion of ])enzoic acid 
Avas recommended by Quick’ as a test for liver function. According to 
Wcichselbaum and Pro])stcin,^ Quick’s method proved to ])c unsatisfactory 
because of an incorrect solubility factor. Tlicy modified the method by satura- 
ting the urine with sodium chloride before precipitating it with acid and in this 
manner they not only diminished this solubility factor, but also caused it to be 
more constant. Employing this modification in our own laboratory, we were 
unable to obtain satisfactory results. We observed that different urines be- 
haved differently aird that the addition of more acid to the filtrates occasionally 
brought do^^^l a further precipitate. This sxiggcsted a critical evaluation of the 
optimum acidity for the quantitative precipitation of hippuric acid added to 
urine. 

In both the original and the modified methods, it was apparent that the 
importance of pll was not sufficiently stressed. Thus, in the original publica- 
tion Quick’ states: “Acidify (acid to Congo red) with concentrated hydro- 
chloric acid — about one c.c., stir vigorously.” Weichselbnum and Probstein® 
(page 637) state: “Add 1.2 c.e. of approximately 10 N sulfuric acid and 
^ratch the sides of the flask with a rod to enhance crystallization, etc.” Quick^ 
in a later publication (page 717) states: “Concentrated hydrochloric acid is 
added to make urine distinctly acid to Congo red or thymol blue — usually 1 c.e. 
0 the acid is .sufficient, but it is absolutely necessary to chock with an indicator 
paper, and adds, “an excess of acid is permissible.” It would be more exact 
j the latter statement were to read: wn excess of acid is imperative. The fol- 
oning preliminary experiment bears out this point: 

To 600 c.c. of normal urine acidified with acetic acid and brought to a 
'01 to remove coagulable material, hippuric acid was added and the solution 
teied. Into each of four beakers 150 c.c. of this urine were measured. 
^oi sodium chloride were added to each, then the procedure, 

n’ceted hy AYeichselbaum, was continued, varying the amount of 10 N 
^"Ifuvic acid as follows: 


====—- 

' AMOUNT OF 

10 N HjSO^ 
ADDED 

AMOUNT OF 
HIPPURIC ACID 
RECOVERED 

(CM.) (%) 

Ari.1 tZl T-''"!"! 

, stirring' mieetod by Weicliselbanm witli very vigorous 

O.C. cxces,^’ titPlod until a precipitate formed and 0 5 

as ? i * 1 • 

>ut twicp the ainouiit of acid nas added 3.0 

1.20 70.6 

1.45 S5.3 

1.67 9S.3 

1.70 100.0 


I^cparlmont of P.iochiimLstO'. Cook County Hospital, Chicapo. 
for publication. Maich 19. 1940. 
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These results show that the acidity used in beakers 1 and 2, as recommencleil 
by the previous authors, although definitely acid to Congo red and fo ibyrao! 
blue, is insufficient to precipitate the hippuric acid quantitatively. In bcafet 
4, where a large excess of acid was used, the precipitate did not redissolve. 


Table I* 


• 

BEAKER 

NO. 

HIPPDRIC 

ACID 

(GM.) 

SLIGHTI/Y 

ACIDIFIED 

URINE 

(G.C.) 

10 N mso, 

ADDED 

(G.C.) 

RECOVERY OF HlPPimiC 
ACID (GM.) (DUPLICATE) 

% 

ERROr. 

1 


100 

3.2 



+3.0 

2 

1.0 

100 

2.5 



-0.1 

3 

1.5 

100 

1.2 

^B||l 


-13 

4 


100 

0.8 



-2.0 

5 

3.5 

100 

0.0 



-24.0! 




2.5 


0.770 

-1.1 


‘The solubility correction given by W'’eichselbaum was used. 

tPrecipitate formed on cooling to 20° C. without the addition of acid. To mother InTOr 
2.5 c.c. acid was added and an additional precipitate was obtained. 


The next experiment was planned to simulate clinical conditions and to 
show the quantitative relationship between the amount of liippuric acid in nrmc 
and the amount of inorganic acid required to precipitate it quantitatively. Ob- 
viously'’, the extent of impairment of liver function for which the hippin’k 
test is used clinically will vary’’ with different patients, and consequent } a 
varied amount of hippuric acid will be excreted. Since the normal output ni 
a four-hour specimen is given as 3 to 3.5 Gm., it is reasonable to expect 
clinically’ an excretion of from 0.0 to 3.5 Gm. or more can be expected. A uowii^ 
slightly acidified urine was used as a base and a definite amount of . 
crystalline hippuric acid (m.p. 185° to 187° C.) was weighed out into a 
of beakers. Tenth normal sulfuric acid was added drop by drop unti 
precipitate formed, then an additional 1 c.c. of acid was added. le 
are tabulated in Table I. This table shows that the amount of 10 ^ 
acid required to precipitate hippuric add from 100 c.c. of urine qua ‘ 


is inversely proportional to the amount of hippuric acid present. 


Tims, 0'^’ 


less hippuric acid present, as in beaker 1, the more 10 N sulfuric aci n 
to precipitate it quantitativelyL About 76 per cent of the ft 

beaker 5 came down with no addition of inorganic acid; to get the rema 
per cent, 2.5 c.c. of 10 N sulfuric acid had to he added. ^ 

The estimation of hippuric acid was made by' the titrimetiic mcdo^ 
tlian the gravimetric method recommended by Quick. The graw _ 
dure is out of the question when the precipitation is carried ou jj,a\ 

salt solution. To rule out the objection raised by White an ])cn»’k 

the precipitate in addition to liippuric acid might contain unconyUna 
acid and glucuronic acids and thus give erroneous acidity ’v u flfi'i 

tion method, the following experiment was made: The ' licaker aH'* 

solution was filtered quantitativ'cty into a volumetric flask, no !£s' 

filter paper pulp were washed with distilled water into the porliaa 
for chloride ion was obtained, and made up to volume. An a fow' 

analyzed for total nitrogen and compared with the calcu ate 
the hippuric acid titration value. The results are shown in a i 
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Table II 


SPECIMEN 

NO. 

HIPPURIC ACID BY 
TITP.ATION (gm.) 

CALCULATED 
NITROGEN (MG.) 

MO. OF NITROGEN 
BY MICRO- 
KJELDAHL 

% 

ERROR 

1 

3.75 

293 

300 

-t-2.3 

2 

3.14 

24G 

257 

+4.4 

3 

2.85 

223 

237 

+6.2 

4 

3.57 

280 

285 

+1.7 

5 

4.12 

322 

343 

+6.5 

6 

0.52 

40.6 

44 

+8.3 


These data warrant the conclusion that no other titratahle acid is prcei|)i- 
tated along with hippuric acid, and that the titration method is reliable. 

The analytical procedure now used at the Cook County Hospital is as 
follows: Ecnder the urine* specimen acid to litmus with acetic acid, bring to 
ahoil to remove coagulahlc material, and filter if necessarj'. Pleasure the volume, 
and if it is more than 150 c.c., concentrate to 150 e.c. and add 30 Gm. of solid 
sodium chloride per 100 e.c. of urine, i.e., 45 Gm., and heat while stirring un- 
til dksolvcd. Cool to room temperature by immersion in cold water, and while 
stirring and scratching the sides of the beaker, add drop by drop 1 :1 sulfuric 
acid until no more precipitate forms. (It is difficult to say how much acid to 
add as different urines require different amounts of acid. In general, it can ho 
said that from 2 to 5 or 6 e.c. are usually sufficient. As a precaution we test 
each filtrate by adding more acid to sec whether precipitation is complete.) 
Allow to stand for fifteen minutes or more and filter through a fluted filter paper. 
Wash the precipitate and beaker several times with a 30 per cent solution of 
sodium chloride (free of sulfate ion), using a fine tip wash bottle until the last 
ivashings give negative tests for sulfate ion. Transfer the precipitate with the 
flhev paper back to the beaker in which the precipitation was carried out. Add 
about 75 or 100 e.c. of distilled water and heat until the precipitate dissolves. 
Titrate while hot, using 0.5 N sodium hydroxide and phenolphthalcin as an in- 
dicator. 

It was found convenient to report results in terms of sodium benzoate. 
'j'ilciihtions. 

1 c.c. of 0.5 N NaOII = 1 e.c. of 0.5 N CjII^O^Na 
1 c.c. of 0.5 N C,H-,0,Na = 0.072 Gm. 

Therefore, X c.c. of 0.5 N NaOH x 0.072 Gm. = grams of C,H 50 ,.Na 
Solubility correction for 150 c.c. of urine = 0.15 Gm. 


SUMMARY 

1- The aeidity used by previous investigators was insufficient for quantita- 
e precipitation of hippuric acid. 

hi amount of inorganic acid required for a quantitative recovery of 

is dcs^',° ] '''aries with the composition of the urine and an excess of acid 

la tintod, decolorize with norit by addinp 0.3 Gm. per 100 c.c. or more, 
or fluted aniount of bile in specimen, and boll for about a minute, then filter by suc- 
niter paper while hot. 
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3. It was shown that the titration method is reliable as no other ornani'; 
acids are precipitated with the hippuric acid. 

4. A modified quantitative procedure is given in detail. 
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THE DETERMINATION OF PHENOL RED WITH THE EYELIA 

COLORIMETER* 


Harry Shay, M.D., J. Gershon-Cohen, M.D., D.Sc. (Med.), P. L. Munro, P n.fi., 
AND Herman Siplet, B.S., Philadelphia, Pa. 


T he use of phenol red to determine the dilution of test meals 
secretion has been described by Hollander, Penner, and Sa tzman. 
and Baca" modified this method by a correction for very dilute ^ 

equal quantities of the sample and the original test meal e oie 
purpose of this report is to record a further modification t iroUo 1 
Evelyn colorimeter® for making the colorimetric comparisons. ^ 

To begin with, the test meal contains 1.0 mg. of j 

instead of 2.0 mg. as used by both Hollander and M^ilhelm]. 
a concentration are used as a standard, the galvanometei rea 0 ^ 

imeter is about 20. On the other hand, solutions containing, Evelvn coloviR'*!**’’^ 
per 100 c.c. give a galvanometer reading of about 85. m ' p„|joscq color- 
thus gives a much wider working range than is feasible vi r 
imeter. . c of the 

Our procedure is as follows: In a 76 by 120 mm. ’ oxide- 

sample are brought to a definite pink with finely pow ere ,^0^10,3 and 

1 c.c. of 0.5 N sodiiun hydroxide and 2 c.c. of 0.3 N zinc sii < oentrifn?'^'^' 
the tubes are shaken. After standing for ten minutes, t le u ^ colori'e^*'^^ 
Five cubic centimeters of the clear supernatant liquid ^ ^ develop tl'*^ ^ 
test tube and 5 e.c. of 0.5 N trisodium phosphate are at a spf 

color. The colorimeter tubes are then centrifuged foi ^tgidc of the tab’ 

of about 2,000 r.p.m. to throw down the zinc phosphate. ^ the 

is wiped clean, and the reading is made nsmg ‘ c it transmit 

g.l™„ometer to 100. The filter used is I* » 

light of the wave length at which the alkaline foim 1 
mum absorption.'* 

^rom tlie Jleclical Researcli Laboraton". Samuel S. Fels Fund. 
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This method eliminates one step entirely in the Hollander method, since the 
final reaction takes place in the colorimeter tube in wliich the reading is made. 
iVe have always obtained clear supernatants after centrifuging down the zinc 
phosphate. The volume of tlic precipitate is so small tliat its upper level remains 
. helow the light path from the colorimeter lamp. 

■\Yhen we first developed this technique, our studies were confined to water- 
glaeose meals. At this time we prepared blanks by subjecting 5 c.c. samples of 
.' distilled water to our complete procedure. Tliesc Idanks were used to set the 
.. galvanometer at 100 before taking our readings. We compared these settings 
' with those obtained by using distilled water witliout preparation. Repeated 
tests showed the results to he identical, tlius eliminating tlic need for a blank 
analysis. With Liebig’s beef extract meals, blank analyses were made using 
the meal without phenol red. Altliough such solutions have a yellow color, witli 

- the filter of wave length 565 mp, they have a light absorption identical with that 
of water. We could thus eliminate the blank analyses again. 

IVe have been using this teelmiquc for some time and find that the dis- 
, orcpancy between tlieoretieal and observed values is about 2 per cent, or the 
• equivalent of the e.xperimental error of the Huhoseq colorimeter. The use of a 
color filter transmitting liglit of a wave length which corresponds to the absorp- 
tion maximum of phenol red in its alkaline form tends to eliminate interference 
from chromogons wliich wore not removed by the prcciiiitation with zinc sulfate 

- and sodium hydroxide. ' 

r Wo have cliecked the relationship between the logarithm of the percentage 
■; light transmission and tlio concentration and Imvc found that over the working 
; range of the colorimeter it is linear. It should, therefore, be feasible to eliminate 
the standard and nse a calibration curve. Since the stock solution of phenol 
, rod has a tendency to decrease in intensity,’’ we believe tlie safer procedure is to 
prepare a standard from tlic test meal itself and thereby eliminate the possibility 
^ of error from such fading or otlier variation in making up the test meal. In 
addition to the fact that tlio use of the photoelectric colorimeter eliminates tlie 

- ° subjective factors involved in reading tlie Dnboscq colorimeter, our 
. method has tlie advantage of considerably sbortening the time required to make 

the determinations. 


A modification of the Hollander metliod for determining jihenol red ap- 
P made to tlie Evelyn colorimeter is described. 
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STUDIES ON THE I^IBTABOLISM OP IRON AND COPPER* 


I. Method fob the Determination of Ikon and Copper in Blood Sekum 


Adolph Sachs, M.D., Victor E, Levine, MD., Alfred C. Andersen, ILS,, ast 
Agnes Schmit, M.S., Omaha, Neb. 


XPERIMBNTS have been condneted in this lahovatoiy for tlie past sow 
*— * years to obtain data on the metabolism of iron and copper in tl'c Iramm 
body. We established the normal values for whole blood iron and nlioIeWwl 
copper for persons of varions ages and of both seses.^"* We also repovtod 'vliole 
blood iron and copper valves in the various anemias and other pathologic con- 
ditions.^’ ® 

We found that a reciprocal relationship existed between the iron and cop- 
per content of the wliole blood in anemias and allied pathologic conditions. 
When the whole blood iron was decreased, the whole blood copper increase . 
and likewise when the whole blood iron increased, the whole blood copper c- 
creased. Hj'percupremia was the nsual response to hypoferrouemia. 

Recent investigations suggest that the blood serum serves as the 
for transportation of iron in the body.®'® Since copper is so closely 
with iron in the hematopoietic process, it is logical to believe that it also maj ' 
transported in the serum. Our present study of the iron and copper con ci 
of the blood serum was undertaken to gather data relative to the ahsoipW ai 


utilization of these two important biological elements. 

The serum normally contains very small quantities of copper a'B 
hemoglobinons iron. Our first effort then was to establish a satisfactory 
for tlm determination of serum iron and copper. Repeated efforts to c 
the iron and copper content in the same sample of serum failed 
results, hence a method was devised for the analysis of aliquot poitions o - 
separately for iron and copper. The chief difficulty in the 
that serum iron in the presence of the copper reagent, sodium dm J 
carbamate, produces a broivnish color which interferes with the ye 
used for the detection of copper. Other workers also have ohsene 
culty.® Our attempts to overcome this interference by binding 
sodium pjU’ophosphate were successful. The binding effect of so n 
phosphate is demonstrated in Table I, where solutions containing aia- 

of iron and copper were treated with satiu’ated sodium pyrop msp 
monium hy'droxide, and sodinm diethyl-dithiocarhamate, {rai!?- 

eolor extracted with isoamyl alcohol. The colored alcohol lajeis 
ferred to mierocolorimeter cups and compared in the Klett eo on 
solution I as the standard. 


‘From the Detiartrnonts o£ Medicine ami Biological Ctiemistry, CreiBlU®” 
of Medicine, Omaha. 
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Obvioiislj’ since solutions I and VIII (Table I) checked -with one another, 
no contamination was introduced through the use of sodium pyrophosphate. 
Furthermore, in solutions II, III, and (Table I), the experimental values 
agreed witli the actual values, while in solutions Y, A^I, and VII (Table I) 
they did not. This fact led us to believe that the binding of serum iron is 
♦essential in the sodium dietlij’l-dithiocarbamatc method for the determination 
of scruni copper. 

Table I 

EFFICACV of SODlUit PyROPIIOSPlIATE TO BiND SerUM IrON 


SOLUTION 

FE AND 

CD 

Na^FjOj.lOlIsO* 

(C.C.) 


CAR- 

ALCO- 

COLORIM- 

ETER 

COPPER 

% 

KO. 

PRESENT 

(lie.) 

(C.C.) 

(C.C.) 

(C.C.) 

READING 

(MM.) 

EXP, 

(MO.) 

ACTUAL 

(MG.) 

ERROR 

I 

0.010 Cu 
0,000 Fe 

1 

O 

n 

4 

15.00 


0.010 


II 

0.010 Cu 
0.020 Fe 

1 

2 

2 

4 

15.00 

0.010 

0.010 

0 

ni 

0.010 Cu 
0.010 Fe 

1 

2 

2 

4 

15 00 

0.010 

0.010 

0 

IV 

0 005 Cu 
0.010 Fe 

1 

2 

2 

4 

30.00 

0,005 

0.005 

0 

V 

0.010 Cu 
0.020 Fe 

0 

2 

2 

4 

27.G0 

O.OOS 

0.010 

20 

VI 

0.010 Cu 
0.010 Fc 

0 

2 

2 

4 

15.80 

0.000 

0.010 

10 

VII 

0.005 Cu 
0.010 ro 

0 

2 

2 

4 

33.00 

0.004 

0.005 

10 

nn 

0.010 Cu 
0.000 Fe 

0 

2 

2 

4 

15.00 

0.010 

0.010 

0 


Phate water, free from copper tind iron, was used to prepare the sodium pyrophos* 


table we concluded that 1 c.c. of a saturated sodium pyrophosphate 
our completely the interfcrlne Iron present in the samples of scrum used for 

, < 5 ec. of serum normal serum Iron values rarely exceeded 0.020 mg. of iron per 


PROCEDURE 


’ ^^cagenis and Apparatus. — All reagents and apparaUis used in these ex- 
^ perimonts were rendered free of iron and copper. Acids and water were re- 
IS 1 cil from all-glass distillation apparatus until free from iron and copper.* 
c ammonium hydroxide (28 per cent) rvas found to he copper free, and con- 
'• unnecessary to purify it.f Blanks wore run frequently to 

■ n '*’^®°lute purity of the reagents used. The syringes and platinum 

i' til[ drawing the blood samples were carefully rinsed with redis- 

c water before sterilization by autoclaving. 

(. g ** sterile syringe, 37 c.e. of blood were drawm between 8 :00 a.m. and 

> sainnl"' "'ho had fasted for at least twelve hours. Two 14 c.e. 

' ♦fansferred immediately to clean, dry centrifuge tubes and cen- 

’■ liloo(f°.'^'^' transfer of the blood from the syringe to the tubes, the 

allowed to run slowly down the side of the tube without any external 


'ICl. l)'.?",?a‘*Hv» test for Iron: 5 to 10 c.c. of solution to be tested are treated with l c.c- of 
‘coholiajgj., oncentrated HNOj, 4 c.c. of 3 N KCNS, and 2 c.c. of isoamyl alcohol. If the 
t,f 4 test solution is free from Iron, 

, Per copper; 5 to 10 c.c. of solution to be tested are treated with 0.5 c.c. 


7' 


rl-dithlocarbamate, and 2 c.c. of isoamyl alcohol. 


^•'^ohol lavfV «= ’ 0^ sodium diethyl-d 

tThe arnm^ i ** ^°'oHess. the test solution is free from copper. v 

onium hydroxide was obtained from the Malllnckrodt Chemical Co. 
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pressure on the plunger. Likewise when the hlood was withdrawn hora tb 
veins, no suction was exerted on the plunger. This precaution must be (aht 
in order to avoid hemolysis. Tlie remaining hlood was transferi'cd to a larj 
te.st tube containing 15 mg. of sodium oxalate and was used subseriuentiy fe 
the determination of hemoglobin and of whole lilood iron and copper, ttli 
volume, and for the making of red and white blood cell counts. The sampb 
from which the serum was obtained were centrifugated at 1,500 r.p.ni. for k.- 
and one-half to two hours. After centrifugation the serum was carefully re- 
moved from the cells and tested for liemolysis. 

Testing the Senm for Hemolysis . — Using a 5 e.c. Ostwald-Folin pipette.! 
sample of serum slightly in excess of 5 e.c. was withdrawn, and the sersK 
allow’ed to floiv into a dry receptacle until the 5 c.e. mark was reached. Tri' 
serum was employed for the benzidine test. The remaining 5 c.c. were traL- 
ferred cjuantitatively to a vitreosil dish. 


Benzidine Test for liemolysis . — To a clean 15 c.c. test tube exactly two drops 
lent to 0.2 c.c.) of tlie blood serum for the benzidine test, 1 c.c. of 1 per cent 
dihydrochloride* solution, and 1 c.c. of 3 per cent hydrogen peroxide were 
.3 per cent hydrogen pero.xidc was prepared from superoxol (30 per cent HjO.) 1^ '^' 
If a blue color appeared, the benzidine test was positive, indicating the prc.'en 
globin. A serum sample giving a positive benzidine te.st was not used pw 

terminations. It rvas used for serum copper determinations, however, if ^ ^ ’ [jj jj-f. 
color was obtained in the benzidine test. Our results have indicated t la 
globin do not affect the accuracy of serum copper analyses. 

We have found this benzidine test capable of detecting 
which has been diluted 1:100,000; that is, 1 c.c. of this diluted samp 
ing 1.14 /zg of hemoglobin, or 0.0038 yg of hemoglobin iron, gate ^gjuiilatc! 
benzidine reaction. The hemoglobin content of the hlood samp c was 
from the iron content of 5 c.c. of whole blood, as determined } 
method. This test was performed on each freshly prepaiec ‘^Y'jj^idine tfi'- 
zidine dihydrochlorido to insure the constant sen.sitivity of our m ^ 

Becau.se this test is capable of detecting 0.0038 yg of thert: " 

negative benzidine reaction in 0.2 c.c. of serum would indicate gj„Q,inl o- 

more than 1.9 yg of hemoglobin iron in 100 c.c. of scium- may 

iron falls well within the limits of experimental erroi’, anc , mi 
considered negligible. 


.SERU3I IRON PETERJIIN.ATION ^ ^ ^ 

Five cubic centimeters of benzidine negative serum pousfant stird'-- 
vitreosil dish and evaporated to dryness on the hot ])late, wi ' ® jiourfi- 
to prevent spattering. Tlie contents were covered and ashe o^ ji .r, 

an electric furnace. One cubic centimeter of concentrate If a'l ’"- 

added, and the contents were evaporated to dryness on the to 
was incomplete, it was finished at this stage by ecntin''*''^ 

flame until all traces of carbon disappeared. Two and one- la shgWh ' ' 

of 6 N hydrochloric acid were added, and the .solution was "^^^jjjj|^.,{ively k' ' 
dissolve the ash completely. The contents were transfen e <1 


*T)ie cr>'StalUne benzidine dihydrochloride was obtained from En 
cent solution of the salt was stable for at least a month. 


jCo<l-’>li 


co- 


ir' 
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50 c c. glass-stoppcrcd cylinder, the dish was washed carefully with redistilled 
water containing 0.5 c.c. of 6 N hydrochloric acid, and the wash was trans- 
ferred to the cylinder. 

The standard Avas prepared as folloAvs: Using a 1 c.c. Ostwald-Folin pipette 
and a standard iron solution containing 10 fig of iron per cubic centimeter, 1 
c.c. of the iron solution (eqiiiA’alent to 10 fig of iron) was transferred to a 50 
c.c. glass-stoppered cylinder, and 3 c.e. of 6 N hydrochloric acid were added. 

To both standard and unknown 0.1 c.c. of concentrated nitric acid was 
added, and the containers Avere rotated gently to insure thorough mixing. 
Exactly 4 c.c. of 3 N potassium thiocyanate and 4 c.c. of isoamyl alcoliol AA’cre 
•added. The cylinders Avere stoppered and shaken for one to t\A'o minutes and 
then alloAved to stand until the alcohol layer separated from the aqueous solution. 

Using a small pipette, the colored alcohol layer Avas transferred to a dry 
aeid-Avashed filter paper, 1 inch in diameter, and filtered into a microeolorimeter 
cup. Comparison in the colorimeter Avas made as soon as possible. 


SERUM COPPER DETERMINATION 

Fh’c cubie centimeters of scrum Avere transferred to a \dtreosil dish and 
■evaporated to dryness, Avith constant stirring to preA’cnt spattering. The contents 
.Averc coA'ered and ashed for eight houns in an electric furnace. One cubic 
! centimeter of concentrated nitric acid Avas added, and the contents AA'ere evap- 
' orated to dryness on the hot plate. To insure complete ashing tlie residue Avas 
heated gently over an open flame until all traces of carbon disappeared. The 
'Osh was then dissol\'ed in 2.5 c.c, of 6 N liydrochlorie acid, A\mrming slightly 
to dissolve it completely, and transferred (|uantitatively to a 50 c.c. glass-stop- 
' pored cylinder. The dish was finally washed Avith redistilled water containing 
0-5 c.c. of 6 N hydrochloric acid, and the Avashings AA'ere transferred directly 
to tlie cylinder. 

A copper standard aa’Os prepared as follows: Using a 1 c.e. OstAA’ald-Folin 
pipette and a standard copper solution containing 10 /xg of copper per cubie 
^ centimeter, 1 c.e, of the copper solution Avas transferred to a 50 c.c. glass-stop- 
, pere cjlinder, and 3.0 c.c. of 6 N liydrocliloric acid AA’ere added. 

. 1 I'udistilled Avater, both standard and unlmoAvn Avere made up to a 

unie of approximately 35 c.c. To botli standard and unknoAvn 2 c.c. of con- 
^ u rated ammonium liydroxide AA’ere added, Tlie solutions Averc cooled, and 
Q g ^ sulurated solution of pyrophosphate, 2 c.c. of an aqueous solution of 
sodium diethyl-ditliiocarbamate reagent, and 4 c.c. of isoamyl alco- 
alloAvo^i*^ contents Avere shaken for one to tAvo minutes and then 

until the alcohol layer separated from the aqueous solution, 
pipette, the colored alcohol layer AA'as transferred to a dry acid 
f’nn,. • P^Per as for serum iron, and filtered into a microcolorimeter cup. 

Panson Avas made in the colorimeter. 

' the m M ^ serum iron and copper values which avc have obtained using 

outlined are listed in Table II. These samples Avere obtained from 


' normn! ... T ^ in l aDie j 

niale college students, 20 to 30 y. 


years old. 
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Table II 

Whole Blood and Sebum Ikon anp Copper Content of Male Adults 


N^nrE 

RED 

BLOOD 

CELLS 

WHITE 

BLOOD 

CELLS 

HEMO- 
GLOBIN* 
(GM./ 
100 C.C. 
blood) 

! serum 

WHOLE BLOOD 

IflOX 
COLOR 
INDEX f 

CEIL 

TOL 

•(C 

. 

FE 

JMG./IOO 

C.C. 

SERUM 

cu 

MG./lOO 

C.C. 

SERUM 

FE 

(MG./ 
100 C.C. 
BLOOD) 

CU 

(MG./ 

100 C.C. 

BLOOD) 

Kok 



mmm 

0.127 

0.114 

50.96 

0.127 

1.18 

48.5 

Her 


13,900 

■US 

0.112 

0.092 

49.08 

ijiKil 

■m 

45.S 

Call 


5,550 

14.35 

0.117 

0.091 

49.08 

Off 9 

1.06 


Gre 


Hm I Im 

13.19 

0.170 

0.115 

44.20 

Off !l 

■IM« 

4S.0 

Cow 


Be U H 

16.02 

0.135 

0.091 

53.68 

MR M 

1.14 

512 

Bus 


1 n 

16.23 

0.168 

0.132 

54.37 

yffi « 

1.02 

51.2 

Mak 


Kw S fl 

15.16 

0.140 

0.094 

50.80 

wE H 

1.03 

43.1 

Sto 


1 n 

15.91 


0.0S4 

53.32 

ME H 

3.11 

4S.0 

O'L 


Ire s fl 

17.19 


0.129 

57.56 

Mi 9 

mm 

- 

He 


Be !M 

14.95 


0.108 

50.10 


1.04 

4f>.S 

Average 


15.25 

0.150 

0.105 

51.30 

0.125 

i.OG 



values were calculated from the 


Butterfeld factor; 

Hemogrlobin, Gm. in 100 c.c. of blood =; 


Milligrams of iron in 100 c.c. of blooJ, 
^ 311 


tiron color index = 


Milligrams of iron in 100 c.c. of blood 
First two figures of red blood cell count 


COMMENT 

On the whole, tlie serum iron values which we have obtained nsiHr 
method outlined (0.103 to 0.258 mg. per 100 e.c. of serum) fall witliin tw 
reported by other investigators who used different methods. Jloore anc^ 
collaborators, from an analysis of fifteen male subjects, 


0.094 to 0.174 mg. 


Walker” reported a range 


Fowweather 


Al ftl)- 


ig. per lUO c.c.'' 

mg. per 100 e.c. from a series of twelve medical students. pcif''®- 

tained a range of 0.095 to 0.180 mg. per 100 c.c. Other workers, no s]i 
the sex studied, reported such values as the following for lOO cx. o 
Locke, Main, and Rosbash, 0.083 to 0.115 mg.; Warburg and ‘ _ 

0.116 mg.; Barkan,” 0.056 to 0.140 mg.; and Langer,” 0.050 to 
We have observed in an occasional case a marked deviation m 
eral range of values reported. This suggests the possibility that 
state of the individual and the iron content of his diet foi ^ 
preceding the analysis are possible factors affecting serum iron coi 
The serum copper values ive have obtained (0.082 
of serum) are slightly higher than those of Locke, Main, an of 

reported a range of 0.073 to 0.087 mg. per 100 c.c. for eight for 

burg and Krebs, Avho stated 0.082 mg. per 100 e.c. as then aiei 
ten adults. gerif' 

We are continuing our determinations so as to establish '.u' 

normals that may give us a more accurate range of noima 
intend to publish at a later date. 


SUJIMARY ^ (CI-mkA- 

1. A relativelj’ simple dry ash method has been Mere U'’’"'’ 

tion of iron and copper in blood serum. Aliquot samples o 
orated to diyness and ashed in an electric furnace for eig i > 
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treated with nitric acid, dissolved in dilute hydrochloric acid, and transferred 
Lto glass-stoppered cylinders. The solution in one cylinder was then analyzed 
=for serum iron, the other for scrum copper. For iron analysis the solution was 
- treated noth nitric acid, 3 N potassium thiocyanate solution, the color was ex- 
tracted with isoamyl alcohol, and the unknown was compared with a standard 
in a colorimeter. For copper analysis the solution was treated with ammonium 
rhydroxidc, sodium pyrophosphate, and sodium diethyl-dithiocarbamate. The 
color was extracted with isoamyl alcohol and the unknown was compared with 
a standard in the colorimeter. 

2. Using this method, values for the iron and copper content of the serum 
of ten male adults are reported. The scrum iron values range from 0.103 to 
0.258 rag., giving an average of 0.150 mg. per 100 e.c. of serum. The serum 
copper values range from 0.084 to 0.132 mg., yielding an average of 0.105 mg. 
• per 100 c.c. of serum. 
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medical illustration 

AN INTRODirCTroN TO ILOCSTEATIOfi 


I 


CAiii. 0,u„.: Cmbke, P„,d., Jfc. 

With Iu«t,ut.„xs 

I ^eel tiint 'in . ***®,^^*^**‘"'*'J"*‘^'R Jlcdiesii liliisfration in tliis JouB-viu 

discussed somcirfiaf is in order. Tins siibjeci ks bun 

trodiietion is onJv -i ‘i o”” ^ P*'cvio\is articles and books.’-* At best this a- 
tjlpes of illnsti-,/- * call to the reader’s attention thediffereiit 

Po|. <f>«v may he nsed. 

of ilIustratior”^r °r scientist has at his disposal three mediums 

paintino' and photography, the second is drawing or 

the aotunl snhi + a^ocleling. In this latter mcdhim, molds .and casts of 

of medicine ni employed more than sculptured models. For thepmposs 

than luodeiine^^-T^-''^^ more than drawing, and drawing is used more 

medinm r,r -if' ^ common for the scientist to overlook the pos.sibilifies of one 
™odmm of zlkrstration in his enthusiasm for aomther. 


— lur iujuujer, 

tion than^ti'^''^ '^omo cases in which the plmtograph will serve as a better iiinsfni' 
The wa\' ^ 0 "iug, and other cases in which the drawing is indisponsaWe 

durino- n T- 1 oiodel serves best in the small classroom where it can beive^ 

tirehi’^ -17 iitcdimn of ilhistraimi fo he chosen dcj)cn<fso^' 

fs to ? to he tUxislratcd and the purpose for juhich the illvstrdtti^ 

nrodnor Photogi’aplj is the cheaper method and takes less time 

eosp^ .1* ’s the mo.st popular method of illustration. There or^ 

'1dv.^n+A ab.soJutely impossible for the photograph to show to 2W 

mnkino- ‘^onipni'ison Avith the drawing. There arc also instances in which tk 

wtipn ^ ^ I'n'wing aa’ouH be an unneeessaiw expense and a wiisfe of 
tbe pliotograph Avould be sufficient. 

sbtdr. cases AA-here the ordinary photograpli is suitable are as foh®”^' • 

t 1 iA h color is of little importance; deformities of .onv 

xrn'A i^^anifest themselve.s on the outer surfaces; pathologic specim®- 

^t’ter fixation in formalin; apparatus of A-arious types. 
enemical, surgical, and jnerltp-^i t., cliagranimah'^ 

such cd'*T' 


, . ’ , alter nxation m formalin; apparatus of A-anous t.' 

emica , surgical, and medical. In many cases pen-and-ink cliagr; 

raAA]n5,s o apparatus shoAv to better adAmntage the operation of 
ment. 

There are cases in aa-IucIi the best photograpli is Avorthle.ss in comparison ’nf 
the drawing made by the finished artist. It is not only hazardou-s, but P« 
tically impossible, to obtain a photograph through the small incision tlmtjsw- 
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to gain access to tlic abdominal and tlioracic viscera. Even tlic most in'oficicnt 
photograplicr, using the best equipment, is likely to fail or refuse to try. With- 
out doubt the meclianics of surgery are best illustrated through the medium of 
draftsmanship. Even the simple pen-and-ink diagram is often superior to the 
most perfected photograph in presenting a surgical procedure for mental ab- 
sorption. 

In many cases drawings are superior not only because of the inaccessibility 
of the field, but also because important structures are often covered by blood, 
mucus, fascia, fat, and other unimportant parts that prevent a clear view to 
the lens of the camera. The artist can eliminate these obstructions from his 
■ drawing, but it is generally impossible for the pliotograplior to do so in his 
photograph. Of course, photographs can be retouched, but when any great 
amount of retouching is done the jiliotograph becomes more of an art job than 
a photograph. To this end it would have been better for the artist to have 
' made the entire illustration. 


In comparing the drawing and the photogx-apli made through the micro- 
scope, it often becomes a matter of personal taste on the part of the physician 
as to his preference. I am of the opinion that the average physician is more ac- 
customed to poor photomicrographs tiian he is to good ones. Not all physicians 
are fortunate enough to iiavc at their disposal trained medical artists and pho- 
' tograpliers. In fact, the making of medical pieUivcs is often left to artists and 
' photographers doing the usual run of commercial work. Few, if any, com- 
' mercml photographers have the equipment for making photomicrographs, and 
since this is a highly developed and specialized field of pliotography, few of 
' 1 lem understand how to obtain the best results. TJierefore, iihotography of this 
is left to the pathologist or laboratory worker, who may bo very proficient 
m his own field but a poor photographer. He may consider his results good 
' ^ comparison with truly excellent photograjilis is made.'’’ 

The photomicrograph of a few yeans ago was a poor excuse for a good 
rawing made at the same time of the same sub.icct. AVith the continued develop- 
lacnt and use of panchromatic piiotographic plate.s, color filters, apoehromatic 
ses, and perfected pliotomicrographic apparatus, the drawing of the 
n^ncioseopic subject is beginning to recede into the background. Photomicro- 
' powe'^ niiei’oseopie section can be made tiirough any known and used 

of lenses. In other words, low-power pictures covering the entire Section 
TnvT pieture.s made througli tiie oil-immersion lens, 

tile' uiagnification between these two can bo successfully obtained and 

b^*otographed at that specified power. ^Magnifications between tiiose 
ox[ of specified ocnlai*s and objectives may be obtained by 

bellows of the pliotomicrographic camera, 
well ^^^hossilde for the artist to aecciitiiatc any part of the cell structure as 
to"r ^^1 back’' the insignificant parts in a microscopic slide. The pho- 
thing by the use of the proper color filter or 
plate and .slight vai-iations in exposure, and develop- 
negative and positive. Small .sections of a negative may be acceiilu- 
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ated by the use of a dye on otJiev parts of the negative to hold them back durmj 
the printing, or by tlio use of tissue paper beneath the negative in tlic printer. 
It stands to reason that the photograph is a truer representation of the original. 
However, in high-power work detail and depth in a cell are often difficult tc 
obtain by photography. The artist can improve on some photomicrograplis h- 
cause he can make a composite picture of what comes in and out of dew ash 
focuses his microscope up and down. A liigh-power photomicrograph mar be 
good as far as the photographic technique is concerned, but a drauing of the 
same subject can be superior because of the ability of the eye and hand to re- 
cord on paper in a single picture tJic various depths of a microscopic section. 



It is possible to combine drawing with photography to pio d 

or a picture composed of both drawing and photograph} . ^ pj-ocedur 

photochemical method of combining drawing and it 

that can be applied to the making of any type of drawing- 
suitable for pen-and-ink illustrations. It can be used for t le w > 
oil color, tempera, and even pencil dust techniques. bs 
been discussed fully® and will not be dealt with in this m ro 
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Natural color pliotograplis can be made and used for lantern slides or pub- 
lication. These pictures in color are made on glass or celluloid film and arc 
often exceptionally well done. A.s a rule, tbe natural color photograph compares 
favorably with the best color drawings used in scientific publications. How- 
ever, the artist has at his disposal many colors from which he may make hundreds 
of combinations. The natural color photograph is generalh' composed of three 



Sometimes a simple pcn-and-lnk scmldlaerammatic sketch serves best as a drawn 
illustration. 

“11 colors must be those that arc originally in the emulsion or 
*'**'*' obtained by optically mixing these colors. A good 

Wist ^ "’'11 invariably produce a better color picture than a poor 

I'hoto'n"''' artist will produce a hotter color picture than a poor 
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paiiiSiff I>"t the tatii.,, 

So^e, e 1 , , P’-t'osffpW't fM is t.s»allv ..wi, 

ZL T' , o "* ““ '“*‘0” i'ss > tend.,,.,, t, “ar 

That ? fid slMtslii of tvarm colors such as teds and „lte 

Ihese eoloEs are used in painlino: or glazing over the photoai’aph,” 

One of t],e important factors to be considered before having Ml-toaeco!. 
mod pictures made, ivlicthcr colored photographs or paintings, is the expense of 
3 ociie ion. Hs expense is augmented liy the necessity of making luirocro® 
p 10 oenr,iax<,c cuts, one of each color, and the added processes of printing, 

1 .10111 nals require the author, or the institution xvitli which he may 

30 a latof , to bear the cost of color reproductions. However, the cost of full- 
one color ]3ieturcs is greatly reduced l)y using flat color only. Striietiircs siiA 
as \eins, nerves, and arlerie.s, can be acccntnatcd by the use of flat color otw 
black-and-ivhite half tones or line drawings. Tlic color illustration-sin fhefnid 
Alias of Jhnnrm Anatomy by Spalteholz are examples of the use of flat color 

in photoengraving. The average magazine cover is generallv reproduced in 
full tone. 


It is my assumption that, better re] 3 rodnctions in black and white arc ob- 
tained from photographs or drawings that are themselves in black and white 
lather tlian in color. For this reason, if the picture is not to be reproduced in 
color, the artist or photographer .should make the original in black and white-” 

Piactieally all lantern .slides are made ) 3 y the photogi’apliie proce.ss, regani- 
lc.ss of what the original may be. One exception to this rule is when thediagrao' 
or .sketch is drawn directly on a iircparcd glass of lantern slide size; another is 
the process of t.vpcAvriting through carbon paper placed next to a piece of eello 
pbane or celluloid. This latter method gives a carbon impression on the fc^ 
phane, which is then mounted between two lantern slide cover glasses for proii^ 
tion.” 

The same problems, as well as many others that arise in still photograph?' 
apply to motion iricture photogi'aphy. The scientist should Avrite out a .scenario 
before proceeding. This is of considerable importance in making excellent pw 
fessional motion pictures. Generally a picture is taken of a surgical 
01 similar procedure. After the film is dcA’elopcd, titles arc inserted oi tia ^ 
is scored Avitli sound. Fcav scientific films tell their stories as clearly or 
herentiy as a logical sequence of eA’cnt.s.’" 

The scientist should bear in mind that the preparation of a motion pk 
is comparable to the pi'eparation of .an article for publication. An out inc^^^ 
scenario i.s made, the material is gathered and then photogi'aphodi 
is edited, and finally tlie negatir^e is titled or scored w’ith sound ^[^2 
Tliis produces a continuous film AAdtbout patches AA'liich cause noise an a 
on the screen. lifost persons prefer to edit a positive print, then naj 
negative correspond to the positive. IToAvever, if the editing is 
negative, the expense of an additional positive is eliminated. A 
ject that is Avorth recording is usually AA'orth making into both the 
the posith'C rather than reA'ersing the negative into the positiAC, nn 
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Fig. 3. — In the past most microscopic subjects were drawn, as is shown m this illustration. 







t.— ' 


hf abo\r photomicrograph of a case of tuberculosis of the cervix may be used for 
comparing Mith the drawn microscopic picture in Fig. 3 , 
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general rule. It is slightly more difficult to follow the action on tlie negatire 
than on the positive. The difference in price hetween Kodachrorae or color fik 
and panchromatic film warrants the use of color film entirely for most scientist 
subjects. This positive color fihn should be edited, titled, or scored with soiini, 
and immediately duplicated before it has been run long enough to receive an- 
noydng scratches. 

Animated drawings are playing an important part in scientific illustration. 
Their production is so highly technical that it becomes a specialized field within 
itself. The artist who intends to make acceptable animated drawings shoiiW, 
in addition to his knowledge of art, understand the fundamentals of photog- 
raphy, especially motion pietnrc photography. These fundamentals entoce 
lens action, such as focusing, focal length, and speed of lenses, as well as ex- 
posure; the mechanics of the time lapse motion picture camera; and, finally, tk 
technique of the processing room, for it is here that many interesting and neces- 
sary animated effects are produced with chemicals and the printing madiine. 



Fig. 6. — ^The three-aimenslonal 


■wax cast serves best for museum 
small classroom. 


purposes and for 


study 0 


These, of course, apply only to the artist who does his own camera 

ever, it is advantageous to learn the fundamentals of the entiie 2 

tographj^ and drawing are so interdependent for the animation i 

description of one is inadequate without a description of the ot 

picture, when properly conceived, photographed, and edite , pjodde^ 

most powerful tool for the dissemination of loiowledge. ordinsb' 

a means of obtaining motion pictures which cannot he pio , .^g sa»6 


a means or ootainmg motion picrtires wuimi ^j^g jamv 

cinematography. In other words, animated draivings joshes fo^ 

purpose for the motion picture that an ordinary’ draw'ing aec^ 
textbook. It seems evident that animated drawings vnU ? present- 
nart in the dissemination of scientific knowledge than they^ o a jj. 

. , -• — T — illnst.ration and i™ 


CLARKE: INTRODUCTION TO ILLUSTRATION 


747 


teresting to tte artist and photographer, but will also tax his ingenuity and 
imagination in developing new processes and equipment.” 

"Wax or plaster casts can be made of skin lesions, deformities, and ab- 
normal growths and depressions of the body. These molds and casts are made by 
first applying liquid plaster of Paris or an agar composition to the properly 
prepared surface. ‘When these materials have set and are removed, they con- 
stitute the mold, which in turn is filled with plaster, w'ax, celluloid, or rubber. 
The mold is removed after the hardening of the positive material, thereby pro- 
ducing an exact impression -which shows such details as the pores of the skin, 
provided the work has been done properly. 

The agar composition is pliable enough to permit free removal of the 
mold from the anatomic part in cases where there is a degree of undercutting. 
The agar composition” is more suitable for use on the living body or on fresh 
structures after removal from the hod}'. For the inanimate object composed of 
plaster or wax the rubber mold serves best. Tlic simplest rubber molds are made 
from pre\*ulcanized latex combined wdth cellucotton. 


By the use of molds and casts lifelike reproductions can be made of ex- 
tremities, skin conditions, or any part of the abdominal or thoracic viscera after 
its removal from the body. These casts can be colored to represent the originals 
and often have been mistaken for the actual organ or part. 

Cut or destroyed parts of specimens can be reconstructed before casting. 
If the worker is clever, he can model or sculpt the entire subject in clap, wax, 
or plasteline. From his original work a rubber or plaster piece mold can be 
made to reproduce a number of casts in colored wax or plaster.^ 

Casts are considered to be the best representation of tlie original but are 
more cumbersome to handle in exhibiting than the photograph or drawing. 
Photographs and lantern slides can be made from tlicm for reproduction or 
projection. Wax or plaster casts serve best as muse\im pieces. They can also 
c used for student instruction in small groups. 


The possibilities of moulage making are unlimited. Its value to the human 
race warrants further study and rapid propagation. As an example, consideration 
siould be given to the crude, artificial anatomic appliances -which are attached 
to the body in the vain hope that they w'ill make the unfortunate wearer hap- 
pmr, more presentable to society, and better equipped to cope with the ever- 
mounting competition of commercial, social, and economic existence. It is indeed 
op orable that such prostheses have not been perfected to a degree that would 
produce realistic, natural, and comfortable appliances of practical use. The 
present-day artificial limbs are examples of prostheses that lack realism. False 
oot have been perfected to a greater extent. There is little reason -why other 
artificial parts should not be developed to the same degree.^- 

should be made to establish a technique in its most simple form, 
on this is accomplished, other incomplete fields may be conquered and ad- 
mnal Icnowledge may be gained. In fact, new ideas W'ill develop and en- 
ourage the worker to return to the original problem in order to raise it one 
unattainable peak of perfection. The goal is unlimited but the 
of trying is -worth the effort. 
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In conclusion, it may be repeated that the subject to be depictuUiid ib 
purpose for which the illustration or reproduction is to he used cleterraine tb 
medium through which it should be produced. It will he well worth thepk- 
sician's time to discuss this matter fully -with the artist and the photographer be- 
fore he blindly orders a paper to be illustrated. It is hoped that sucli a dw- 
sion will improve medical illustrations and their worth in conveying ideas from 
one person to another. 
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Erratum 

On page 554 of tbe December number of the Journal 
B. Dolgopol, M.D., and Helen Y. IMarkus, M.T., entitled 
j\Iethod for Testing the Virulence of Corynebacteria, ” the seeonc sen 
Virulence Test should read ; _ _ ouiiiea f'? 

“A similar amoitnt tvas injected iniracutaneously into 
tvliicb tvas used for tbe same number of control tests, and 500 nni s 
antitoxin was given iniraperitoneaUy. 
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SYPHILIS, Latent, A Serologic Verification Test in the Diagnosis of, Kahn, R. L. Arch. 
Dermat. & Syph. 41: 817, 1940. 


A serologic test is presented in this article which should help to detect false 
positive reactions obtained in the serodiagnosis of syphilis. The test is based on experi- 
mental studies which indicate that sera of nonsj'philitic persons which give positive 
reactions possess cliaracteri.sfics that can be difTcrentiated from those possessed by sera 
of sjphilitic persons. The technique of the test is similar to that of the standard Kahn 
test, except that it is oanied out at 37“ C. and at 1“ C. The technique is applicable in 
questionable cases of syphilis in which sera guc doubtful or positive reactions with a 
diagnostic tCst. 


The method follows: 

In the performance of the verification test, a thorough knowledge of the Kahn test 
’s necessary. In a broad sense, the verification technique consists in performing Kahn 
tests at 37“, 21®, and 1“ C. Since such tests are routinely carried out at approximately 
21" C., the basic differential temperatures are 37“ and 3“ C. 

In carrying out the technique at 37* C., the rcagent.s a.s well as the glassware must 
be properly warmed, and the reagents must be mixed under warm conditions. 1. Kahn 
tacks and tubes are warmed by placing them in a 37“ C. water bath fifteen minutes 
before performing the te.st. Tlie pipettes are kept in a 37* C. incubatoi. 2. Standard 
Kalin antigen is mixed at room temperature in the u.sual manner with saline solution 
according to the titer. The antigen suspension is then tiansferred to a Kahn tube, 
stoppered and placed in the water bath for fifteen minutes. 3. The serum is heated for 
niiity minutes at 50“ C. (1.32.8“ F.) and is then placed in the .37“ C. water bath for 
1 teen minutes before being pipetted into the antigen suspension. 4. The amounts of 
antigen suspension (0,05, 0.025, and 0.0125 c.c.) are deposited at the bottom of the Kahn 
a es, followed by the serum (in 0.15 c.c. quantitie.s), and the mixture is shaken for 
ten seconds without removing the rack from the water bath. The racks lemaia in the 
a i from five to ten minutes and are then shaken for three minutes under standard 
n I ions, 0 , Physiologic solution of sodium chloride, kept in a 37“ C. water bath, is 
en added to each tube in the usual amounts (1, 0.5, and 0.5 c.c.); the tubes are 
V ^ to assure proper mixing, and the results arc read immediatelj’. 

ti ®^^foseope mirror or a slit lamp is u.'sed in the reading of results. The precipita- 
n readings in each tube are recorded m the usual manner. 

Tritli technique at 1“ C. requires an ice-wnter bath, which can be easily improYi«!ed 

I'tr ^ A square, flat-bottomed pan, 6 inches (lo cm.) or more deep and 
av ^ to hold several racks, will be found adequate. Every step in the technique 

It ^'■ater bath is applicable to that in the 1“ C. water bath, 

to 1“ ™t|ortant not only to bring the temperature of the serum and antigen suspension 
at this t serum is added to the antigen suspension and mixer! 

’o the^ ^'“Perature. Tests performed at 1“ C. may require special care in reading owing 
. 01 of moisture that condenses on the outside of the tubes. This film may be 


off with 


^ cloth and the re.sults read as previously indicated. 

Was ca^^ • ^'^P^^'w^oats described in this article the three-minute shaking of the tubes 

lo dpfo room temperature. In experiments to be undertaken it is planned 

“Effects of shaking at 37“ C. and at 1“ C. 

at ^ ^URgested that no more than ten tests bo carried out at any one time, either 
or at cold temperatures. 
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In view of the fact that the basic I’alue of the test unJer consideration lies in its 
difference in the precipitation results at 37” and 1” C., it is evident that technical step 
which do not adhere strictly to these two temperatures will neutralize the value o! tie 
results. 


GrIitrCOSE, Renal Threshold for; Normal and in Diabetes, Lawrence, R. D. Brit. M. J. 

May 11, 1940. 

The study of the renal threshold in diabetic and normal persons with healthy rensl 
function shows frequent upward and downward deviations from the accepted “normal” 
figure of some 170 mg. per 100 c.c. 

The conception of a “normal” threshold is false. There is an arerage reial 
threshold, just as there is an average blood pressure, and the many deviations from il 
should be looked upon as physiologic — a matter of individual idiosyncrasy, and of tn 
patliologic significance. 

High and low thresholds arc frequent and usually persist at the same level tbrcugli- 
out life. A few factors outlined above affect the threshold temporarily or errs 
permanently. 

The stigma of something abnormal (and hence pathologic) that has been impafe! 
to a high or low renal threshold should be removed. 


BRUCELLA: The Presence of a Capsule on Brucella Cells, Huddleson, I. T. J. Am.ld. 

M. A. 96: 708, 1940. 

Capsules have been demonstrated by the method following: ^ i i' or 

A dilute suspension of Brucella cells is prepared in physiologic salt 
distilled water. A small drop of the suspension is placed near one end o a 
microscope slide, and drawn across the slide by placing tlie end edge of aao le 
at one angle in front of the drop. The film of bacteria is dried in the am . 
drop of Keuflel and Essor India drawing ink No. 3000 is placed hack 


of the previous smear and drawn over it with tlie end edge of anotlier 


smear is allowed to dry in the air. The smear is now treated with 
taining 0.2 per cent glacial acetic acid for five seconds and again air-drse 
film up, is placed on a rack and stained five minutes with aniline crysta 
diluted 1:1 with distilled water. The excess stain is now washed off witi 
and the smear is air-dried. ,. ot 

On examining the smear under the microscope jj' cot loo 

12 X ocular) , it is necessary to move the slide to an area where the in appears 

dense in order to view the encapsulated bacteria in their normal size. j,, 

as a deep purple coccus or rod inside the capsular material, which s aiM 
purple. If the smear is fixed for five seconds with 5 per cent (lie 50 ®a 

ing, the capsular material does not stain but appears as a light la o ,p;,j die 

or bacterial body. The size of the capsule depends upon the size o 
varies from 1.5 to 2.5 microns. . giat have 

The capsule appears larger in recently isolated cultures and m 
grown on culture media for not longer than seventy-two hours. ^ ^ carrale- 

Cultures that have become completely dissociated or rough 0 

WEIL’S DISEASE in Hawaii, Tokuyama, S. J. A. AI. A. 114: 2195, 1940- 

Twelve cases of liemorrliagic spirochetal jaundice were (.use;. 71“ 

diagnosis being confirmed clinically in two cases and bacteriologica y ^ (.linicd 

disease was proved to be identical with that occurring in Japan j 
bacteriologic criteria. _ icUroli(’«o"^''fj 

Nine of the twelve patients were inoculated with the Lep I two 

serum of Inada and Ido; seven of the inoculated patients were 


Death was due to the delay of the serum injection. 

Three of the patients did not receive the serum; of 


these, two died hut one 


recovc 
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DAEKFIELD, A New Technic for, Sizemore, T. Am. J. M. Technol. 6: 120, 1940. 

The ulcer or lesion to be examined is cleansed carefully with sterile normal saline 
or Ringer’s solution, removing all debris and pus. The ulcer is then dried by the applica- 
tion of ether. A sufficient amount of serum for examination may be obtained by exerting 
general pressure upon the sides of the ulcer or lesion. Place the top of an ordinary blood 
coagulation pipette to the scrum and tilt until enough of the serum is drawn into the 
pipette. Transfer to a clean slide using^ a small rubber bulb to expel tiic serum. Place 
a cover glass over the serum immediately and compress it slightly. Mount as usual in 
cedarwood oil. 


BRINE, The Pormation of, Edwards, J. G. Arch. Int. iled. 65: 800, 1940. 

In the kidneys of all classes of vertebrates the proximal convolution is primarily 
secretory and is the only part of the tubule invariably' present. Tlie structure and func- 
tions of the tubule, when viewed phylogenetically and when studied in health and in 
disease, would seem to have an importance much greater than is at present demonstrable 
in detail. Comparative renal studies dealing with the aglomerular kidney, and inaugurated 
by the author in this connection, have been productive of much interest in secretion by 
the tubule. It is hoped that eventually the actual role of the tubule in urine formation 
will be established. 

The phylogenic development of the corpuscle as the site of filtration is related to 
that of the distal convolution as the site of resorption. Filtrable substances in the 
plasma are excreted by the corpuscle regardless of possible depletion of body fluids and 
consequent damage to the tissues. The distal convolution, aided in birds and mammals 
y the thin segment and tlio ascending limb of the medullary loop, performs by resorption 
t e function of salvage. The hypotonic urine of cold-blooded animals indicates that 
t ere has been resorption of relatively more of certain solutes than of water; the hyper- 
onic urine of warm-blooded animals indicates the opposite. 

A filtrable fraction of plasma is excreted into the lumen of the tubule by the 
corpuscle^ and by the cells of the proximal convolution. Minimal amounts of protein are 
fraction because the passage of larger amounts is prevented by the 
le lal wall adjacent to the glomerular and peritubular capillaries. Many factors so 
ect filtration by the corpuscle, however, that albuminuria readily develops. The extreme 
in tl structure to such normal or pathologic changes as those which occur 

for composition of plasma or in blood pressure flow or volume is responsible 

confusing variations and dubious interpretations of its activity. 

luretics are initially and chiefly effective by their direct or indirect action on one 
the components of the cardiovascular system. Neither diuretic urine nor 

necc^^ normally concentrated urines formed after renal injury should be regarded as 
^ radicating impairment of the resorptive power of the tubule. Urines of low 
resor ''’•'rriously formed as a result of excessive filtration, of decreased 

'On of water, or of increased resorption of solutes. 

*'oa and ^ established that the formation of urine is primarily the result of filtra- 

resorption or that resorption is the chief function of the tubule as a whole. 


SHOCK; 


Circulatory Failure of Capillary Origin, Moon, V. H. J. A. M. A. 114: iai2, 1940. 

diaracter'iatic^'^^ Endure of capillary origin produces a clinical syndrome which is highly 
'e. This is accompanied by an equally characteristic group of abnormal 
and biochemical features. These constitute the clinical syndrome of shock. 


The trro^s * * • 

fenaist of m * ""eroscopic changes seen post mortem arc equally significant. These 

oOctna^ and capillary damage, such as dilatation, stasis, petechial hemorrhages, 

'dated to the present in extensive visceral areas. These features are ctiologically 

^ racchanism by which circulatorj' deficiency of capillarj' origin develops. 

’*‘'5 ^ highly valuable clinical sign indicating the early stages of 

ca. It occurs before other signs of circulatorj- deficiencj- are manifest. 
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The mechanism of this type of circulatory failure incluJcs the reciprocal eSerf' 
of two major factors — capillary atony and tissue anoxia. Either of these factors sffl 
presently cause the development of the other. This reciprocal action gives the circulatory 
deficiency a self-perpetuating quality which tends toward an irreversible condition. 

Few conditions of disease present a more characteristic group of clinical feature?, 
physiologic abnormalities, and morphologic visceral changes. Tliis syndrome, if can-d 
by a single etioiogic agent, would constitute an entity among diseases. But tlie origin cl 
tliis .syndrome is highly diversified. It may originate fi'om the numerous and varied ajfits 
and conditions which may injure directly the capillary endothelium, from loss of blood an!/ 
or fluid sufficient to produce systemic anoxia, from agents or conditions which reduce tie 
volume flow of blood below physiologic limit.s, from aspliyxia of external or infernal origin, 
or from various combinations of the conditions mentioned. 

Efforts to combat tliis type of circulatory deficiency will be directed toward tlie rec- 
ognition and removal of the cause and toward interrupting tlie operation of tlie vicicffi 
circle. If the former cannot ho accomplished, the latter will he ineffective. 

Until some agent is found which will prevent or relieve capillary atony, effort? fa 
interrupt tlie cycle .should bo directed toward the restoration of blood volume and toiran! 
relieving the anoxia. Tlie tendency to progress toward irreversibility requires e.iriy ret 
'ognition and action, Hemoconcentration is recommended for recognizing the early stScB 
of circulatory deficiency of this type. 


tTEINE: Control of Urinary Keaction, Bridges, M. A., and Mattice, M. R. Am. J- 
200: 84, 1940. 

The urinary pH cannot be consistently changed at will without icgard for 
trouil. ^ 

The acidifying or alkalinizing effect of test substances cannot he judged so . 
urinary pH observed. Comparison with the fundamental or natural b 

The natural acid-base curve can be distorted by dietary factors uifh vn 
different subjects. _ . . 

Tile determination of urinary pH following meals is of no practical c 
It has not heen possible hy dietary measures to produce continuous y a ' 
Temporary elevation of urinary pH is most readily gubstih'*'® 

The easiest moans of maintaining acid urine in the iiorninl indiiinia 
of cranberry juice for water as such in the diet. 


inuerry yuice lor water as sucii in tiie (uei. 

The effective action of acidifying drugs is conditioned by tlie amou 


simiii 


taneously claiming excretion. _ . . ncidity 

Although concentration of urine is regularly' associated nith dilute urine 

tion with increasing alkalinity, tlie normal kidney can excrete a high y tlirCDo''®* 

a definitely alkaline concentrated urine. The elimination of water is no 
the day, thus influencing the urinary pH. 

Emotional and mental states demonstrably affect urinary pH. 

... ipjeutDic^^ aft 

PNEUMONIA, Sabin Agglutination Test as a Control of the 

Pox, W. W., Rosi, R., and Winters, W. L. Am. J. AI. So. 200: iS, • ^ 

Fifty adult patients with pneumococcic lobar pneumoni.a treated ^ 
studied to determine the time at which active immunity first appearee . 

All patients with proved type-specific pneumococcic pneiiniom. 
positive agglutinins at some time in the course of their illness. aveiSr' 

Strong type-specific agglutination occurred in the unconiphca an 

of S.3 days after tlie onset of the disease; in complicated cases i o 

of 12.5 days. _ - k of the 

MTien active immunity did not appear early in the second uec ^ 

tions or delay in resolution frequently occurred. nloaous type pnee®*”- 

Persistence of a strongly' positive agglutination for the loni 
was a favorable prognostic sign. 
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Occasionally, empyema .ilevclopetl after a strongly positive agglutination appeared. All 
suc.li cases, liowcvei’, had bacteiiemia on admission and in some cases this peisisted for 
twenty-four hours or longer after sulfapyridine therapy was begun. 

The authors believe that recovery fioni pneumonia in patients treated with sulfapjTidine 
requires: (1) adequate blood sulfapyridine concentration, (2) maintained leucooytosis, and 
(3) development of active immunity by the patient in response to his infection. 

In nncomplicated pneumococcic pneumonias a safe rule appears to be to continue 
sulfapjTidine therapy at a dosage which will produce a blootl level above 4 mg. per 100 e.c. 
until a strongly positive microscopic agglutination test is obtained with the patient's serum 
against pneumococci of the type with which he is infected. In complicated pneumococcic 
pneumonias sulfapyridine should be continued, if possible, until the tompoiatme and pulse 
have returned to normal, even though strongly positive agglutination has occurred prior to that 
time. 


TRICHINOSIS, Incidence of, in 300 Autopsies at the University Hospital. Ann Arbor, 

Michigan, Catron, Lloyd. Am. .T. Hyg. 1: Sec. 0, 1940. 

rortj’-four instances of trichinosis (14.7 per cent), all unrecognized clinically, were 
found by e.varaination of diaphragms obtained from 300 autopsies at the University of 
.Michigan Hospital. All the infestations were shown by digestion of samples of 50 Gm. or 
less; three were found by examination of a single microscopic section, from each diaphragm; 
and eight were found in tlie 270 cases in which 1 Gm. of diaphragm was examined micro- 
scopicallj’. The digestion method, although demonstrating every infestation, proved inadequate 
to show the total number present when the larvae were dead and calcified. 


TISSITE: Pathologic Changes Observed in Human Tissues Subjected to Subcritical Tem- 
peratures, Smith, L. W. Arch. Path. 30: 424, 1940. 

^ la this paper a brief summarj* of the pathologic studies in a series of some CO eases 
in which patients with cancer wore subjected to local or general icductions of temperature 
and in uhich autopsies were made is presented. The studies are divided into three major 
groups; first, those relating to the normal body tissues; second, those lelatmg to tumor tissue 
su ijected locally to tomporatiiios of 40° to 50* F. for vaiying periods of time; and, third, 
those relating to metastatic tumor tissue in patients whose general temperature had been 
reduced to subcritical levels between 74° and 90° F. 

ti to the first group of non-neoplastic or ‘‘normal" tissues, it maj’ be said 

fiO ^significant changes arc the exception rather than the ude. In the series of 

^^^au opsies marked myocaidlal degeneration was found in o patients. In 3 of these it was 
soen’^^r definite sclerosis of coronaiy arteries. In 3 patients acute pancreatitis was 
In 4* patients had been accustomed to take relatively large amounts of morphine, 
there ^ significant and persistent fall in blood pressure was observed. In 3 of these 
event bilatoial adrenal metastasis. Bronchopneumonia other than the terminal 

Post ‘^ucountcred in cases of advanced malignant disease appeared chiefly in the 

renee period, in association with metastatic involvement of the lungs. Its occiir- 

evaluate^*^' relationship to lefiigerntion, accordingly, is ]mrticularly difficult to 

respect to the second group, temperatures of 40° to 50° F. applied locally to tumors 
liistolofric regressive changes going on to actual necrosis, even to the point of 

^ earance of the tissue of tumor cells in occasional instances, 
fi'-sue f third gioup, the changes which were observed in metastatic tumor 

submitted to general icductions of temperatuie to 74° to 90° F. 
^I'phcatiou of '"'ried gioatly in degree in comparison with those resulting from 

’intU ninetv^s' temporatuies locally. In no case were legressivo changes encountered 
?ome Cases' hundred and twenty houra of refrigeiation had been given, and in 

*'*60dficant change seemed to occur even after three hundred hours of such 
'-iiiporatures. 
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HV 1) ATIDirORM MOLE, Genesis of, Hertig, A. T., and Edmonds, H. VJ. Arch. Path. SO; 
260, 1940. 


A series of 1,027 spontaneously aborted ova and 74 hydatidifonn moles has been stahrf 
vfitlv respect to the genesis of hydatidiform degeneration. Hydatidiform degeneration to hh 
degree is common, occurring in 40 per cent of these spontaneously aborted ova, or in 1 p: 
cent of all pregnancies. Typical stages in the evolution of a hydatidiform mole are lie- 
scribed. A classic hydatidiform mole is uncommon, occurring only once in 2,0G2 fnll-tfra 
deliveries in this clinic. 

Pathologic ova, of ten and two-tenths weeks’ mean menstrual age, constituted 47.4 
cent of the total number of spontaneously aborted ova; 66.9 per cent of the pathologic ora 
showed early hydatidiform degeneration of the chorionic villi. “Nonpathologic" ova, d 
fifteen and four-tenths weeks ’ mean menstrual age, constituted 52.6 per cent of the total; 
11.6 per cent of such ova showed early hydatidiform degeneration of their villi. 

Hydatidiform degeneration of the chorionic villi of pathologic ova begins, in all proh- 
bility, at about the fifth week of pregnancy, the time when the fetal circulation should hep 
to function. The fetal circulation in the cliorion of the pathologic ovum fails to fuictimi 
because of extreme defectiveness or absence of the embryo. The vascular “anlagen db 
appear coincidentall}’ with the onset of hydatidiform degeneration, both processes hsmg 
a function of absence or of defectiveness of the circulation. 

Hydatidiform degeneration is prone to occur in the villi of early pathologic ova betaK 
the stroma of the villi is normally loose and their chorionic epithelium is normall.v .at uf. 
Hydatidiform degeneration in the villi of early pathologic ova is an expression of con to 
pliysiologie activity of the trophoblast (absorption and/or secretion), with resultant 
tion of intravilloua fluid, which cannot be utilized because of the lack of a functioning 
circulation. ^ ^ 

Hydatidiform degeneration is less likely to occur in “nonpathologic” ova 
functioning fetal circulation of some weeks’ duration, relatively dense stroma, an ma 
inactive chorionic epitlielium. 

Transitional moles, of sixteen and six-teiiths weeks’ mean menstrual age, 
typical pathologic ova containing no embryos, or at most extremely defective 
a few contain macerated normal embryos. Typical hydatidiform moles, of rarcl.v^ 

tenths weeks’ mean menstrual age, are true pathologic ova possessing no embrjo. ° 
very defective one. A tj’pical hydatidiform mole is, therefore, derived from a 
ovum in. which the embryo was either absent or very defective from the beginning ^ 
for reasons unknown, failed to abort at the usual time. Hence, it constitu e- 
‘ ‘ missed abortion. ’ ’ 


of the 

BLOOD, Significance of Polymorplionuclear Toxic Index in Aflecti 

Skeletal System, Sutro, C. J. Bull. Hosp. for Joint Dis. H 61, 1940. 

^ .c the niu5cnlo-4c!* 

In a survey of approximately 8,000 patients ■svith affections 
system, it was found that, in certain cases, the estimation of the toxic m (hi 

clinical information, especially in regard to differential diagnosis an differed'^ 

evaluation of the toxic index is a simple procedure, its application to pro 
diagnosis and prognosis is warranted. . ,jnules * 

(The index is equal to number of polymorplionuclear cells showing ^ ^ ^ 
by total number of polymorplionuclear cells and the product multiplie 7 



REVIEWS 


Books and Monographs for Beview should be sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Eichmond, Va. 


Experimental Poliomyelitis'-' 

'T'HE neutralization test is a method for determining the ability of immune serum to in- 
activate virus in vitro — in this instance, that of poliomyelitis. In their thorough revievr of 
the literature, the authors point out that though much information can be obtained from the 
test, the discrepancies and irregularities in results interfere with its effective application. The 
test is of practical value where qualitative determinations are desired, but it is unsuitable for 
quantitative studies. 

In tlie second portion of the book, which is given over to a description of the author's 
carefully controlled e.\periments, a search was made for suflBcient data for the development of a 
more refined and standardized technique. Unfortunately, their goal was not attained. 

The final conclusions of the authors arc that the test is a specific antigen-antibody 
reaction, but its presence does not necessarily imply resistance to infection. Since with the 
test in its present form quantitation is not a practical procedure, improvement or replacement 
the neutralization test is desirable for the advancement of immunologic knowledge in 
poliomyelitis. 


Neoplastic Diseasesf 

JEE fart that this classic has now come into its fourth edition attests to the position it 
holds in the field of medical texts. The author has considerably revised many sections 
completely rewritten some chapters. 

^ The opening section on general oncology should be read by all doctors who have occa- 
sion to see malignancies, whether they be primarily interested in medicine or in surgery. 

0 chapters on the nature of cancer and on experimental cancer research are particularly 
interesting. 

The second, larger section on special oncology is a most complete and scholarly 
treatise on tumors of all ty-pes. 

tlj ^ that should be in every physician's personal library, it is of equal value to 
0 medical student, the internist, the surgeon, and the pathologist. 


An Introduction to Biochemistry^: 

^ cahb^^ ilfstinct benefit to the clinician from time to time to read through a book of this 
cr. Although a small volume, it is comparatively comprehensive. Tlie point of view 
Ihrougliout is that biochemistry is an independent discipline related to the 
0 og ic group on the one hand, and pure chemistry on the other. 


lo the Poliomyelitis. I. A critical review of the literatuie with special reference 

of test in iromunologlcal studies. II. The Neutralization Test. 

ILtlsviru^ “-Dir involved in the neutralizing action of immune serum against poliomye- 
hureau of t I"® Schaeffer. Ph.D.. and Kalph S. Muckenfuss. M.D., Department of Health, 
The New York. N. Y. Cloth, 15S pages. Published under the Auspices 

tVeo Foundation for Infantile Paralysis, IWO. 

A Treatise. on Tumors. By James Ewing, A.M., M.D., Sc.D., 
fulling pathnw^ of Oncology at Cornell University Medical College, New York City; Con- 
•*■‘^1 Ulustratloito ®V.T Hospital. Cloth, ed. 4, 1.160 pages, revised and enlarged, with 

tAn T ®®^**ders Co., Philadelphia and London, 1940, 

Peliow"«fHS^°V to Biochemistry-. By ’William Robert Fearon, M.A., Sc.D., M.B., 
’*>» Pages •Trinity College, Dublin, Member of the Royal Irish Academy. Cloth, ed, 2, 

' Mosby Co.. St. Louis. Mo., 1940, 
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After a rapid review of pertinent aspects of inorganic clicniistry, the author tutu.* to s 
more detailed study of organic compounds. Analytical mctliocls are affordeil their place in 
the discussion of each substance. 

Written in an eiisy style, the boolc is graced by classical quotations some of wliitli arc 
especially apt. Over the index for instance, one see.s “how index-learning turns no .'tuleit 
pale, yet holds the eel of science by the tail” (Pope). Tins book may be heartily recoia- 
mended. 


Edible Wild Plants-' 

I P I AM ever lost in the forest and must subsist on what foods may be bad from the vrill 
plants about me, I shall want to have this booh with me. It will tell me how to 
recognize and identify those wild plants which are edible, thus avoiding those which my 
be highly poisonous. 

I will find a large variety for my menu, which will include 6fl species of edible frail- 
and berries, 2C of salad plants and potherbs, 19 of roots and tubers, 15 of nuts, 13 o! 
beverages and flavoring plnnt.s, 10 of seeds and seed pods, all minutely described, aiiJ a 
large number of others more briefly listed. Not only that, but if I am so fortunate as to 
have the book with mo, I wll find directions how to prepare or cook these phot. 

There was a time when our pioneering ancestors realized the vital importance o t^i. 
information. Now, when we are all eating cultivated foods, the knowledge has been 
but lost. , 

Dr. Medsgor has spent thirty years a.ssembling the information recorded m 
It is profusely illustrated. It should be equally valuable to botanists and to t o.e 
primary interest is in foods. 


Compendium of Regional Diagnosis in Lesions of the Brain and Spinal C j 

ACH year sees now books in medicine, each representing a new approach 
When the author’s novel concept is good and is well grounded, the jjjjjei, 

popularity. With the lapse of time, others working in the same fiel 
more modern or more practical ideas concerning the presentation o ‘ 
discussion. When this occurs, the earlier texts, no matter how excellent tiey 
may pass into eclipse. ttet ttey 

Some of them so adequately- fulfill the need for which they to supp'®”* 

outlive volumes which are submitted as more modern and may liave been , it stiB 

them. Such a work is Bing and Haymaker’s regional diagnosis. ]oc.ili»''®' 

remains the preferred wde meciim for students for neuro-anatomy an tilled a 

There are several reasons. The authors’ original manner of or k 

This having been achieved, there has been no attempt to pad .successive c iHoftrada”’'' 
additional and less pertinent aspects. The book is still a small ^ o m ^^^jj.^jg„tly nuiuw®'” 
many- of which are in color, are quite completely- descriptive and are oasy rea^' 

to co%-er all phases of the subject. The general make-up of the hoo 

o-anatoa’b 


This volume is equally- valuable to the freshman student ,vho icfl"'"^ “ 

neurologi-st and neurosurgeon, and the internist and I*™” of the 


ready- reference work dealing primarily- with the localization 
nervous sy-stem. 


. Eilucad’’ 


•Ertible AViUI Plants. By Oliver Beri-y Meilsger. P^^l^gst^Tlmmpson ft'-' 


Pennsylvania State College. With an 

pages, illustrated w-itli SO pen and ink drawings and U Pao ^ 

New York. N. Y., 1939. r o T?n 

tCompendium of Regional - -- t s of 1 1 _ 

Introduction to the Principles of . , nasei. , tcciuic- - 

By Robert Bing. Professor of ' ueurblogl' iiputratic"-- 

■ ■ . naires. with 1-' 




■ainand Spi-J®’ f '’Ti 

Toiflfyd-ir;’: 

• of Basi 

Edited by Webb Haymaker, Ass.oi-u.i^ w..... — - ^on'n '’Lges, 

Anatomy, University of California. Cloth, ed. 11 . - jijlio 

color, aha T plates. The C. V. Mosby Co.. St. Louis, JIo., lh”- 
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which he has obtaiHCfl results that carry the same significance in priudpk y 
tliose of the i-abint experhnenis just clesci-ibed. 

Locke determined the “oxygenation time” in a group of persons Yariowy 
susceptible to common cold under conditions of pliysical stress whiek to 
produced by having tlie individual undertake a vigorous exercise of fte ciui- 
cies of the back, arms, and legs in a specially designed apparatus.'^ lb 
“oxygenation time” represents the rate at Yvhieli oxj'geii is used up ky fb 
indiridual when he exerts himself to the utmost in tim apparatus; tk 
thus obtained is corrected aeeojxling to the estimated body surface oi lb 
person. 

In the “optimal response” A the ‘‘oxygenation time” avas in ik wist 
looi’hood of 0.60; it Yva.s' shoi'tei’, e.g,, 0.40 to 0.44, in the "hyperi'tspe'M' 
C' and longer, e.g., 0.T9 and 0.85, in the “hyporesponse” C. 

Under this proeediU'e Locke found that among tho.se pemns elassWa' 
A (“ojjtiraal response”) 74 per cent a-eported less than two colds durin? tb 
year, whereas among the C group only 5 per cent had had less than twocoih 
during the year. • • 

Looke found ahso that, regardless of the classification determined in tb 

individual previous to the onset of a cold, the grading at the time the atlM'- 
began Yvas C, and the condition of the person was that of “physical exhaiisWi 
and shock which a grading of C connotes.” He .states: “Common eoh 
less similarity to infections of the ty])e jn’odncing small-po.x, fyphw ® 
diphtheria than with infections of the type ob.served as a result of iu« ^ 
from tiic lungs and intestines in dogs and rabbits during transient ex!« 
tion'’ and .shock."" _ 

In a more recent study® Locke has confirmed his general 
grade infection (such as common cold) gains foot-hold jus 

in the ability of the defense meclianisms to fnncimi.” In in- 

used a method Yvhieh spares the individual the physical 
voh'ed in the determination of the oxygenation rate. This met oc 
person merely to iirhale 5 per cent carbon dioxide for one to tnonni 
inhalation of 5 per cent carbon dioxide causes a “measuiaje, le 
and eharacteristic increase in the depth of breathing.’ 

Defining the “ventilation quotient” as the Y-entilation late, ^ mX.?A 
the influence of carbon dioxide, divided hy the basal pjcligaf*’ 

as observed Yvhen the person is merely lying at rest, Locke 
,1.29 as tlie optimal Ymntilation quotient of a normally pa's cpk' 

group of persoiYS showiirg ventilation quotients Yvithin a pei 
mum showed a much lower incidence of common cold t 
shoYviiig ventilation quotients diverging 10 P^i' ujgfjjod.'? 

mum. One may again sum up Locke’s result. s Yvith his 
lows: there is a state of impaired physiologic function, t ^-o 
Yvliieli is unknown, that can be detected in the indiY i( ua ,,i 

titative methods; this state of impaired physiologic Lmc inPividiwi* 
affect some itidividnals at one time but not at another 
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-whom the impaired function is not found are less snscej)til)le to colds than 
are those in whom it is found, and the impairment is always present at the 
onset of a cold. 

These findings indicate that susceptibility to common cold is not due 
to a lack of the mechanism of defense but to a nonspecific impairment of the 
ability of the mechanism to function. 

For a certain purpose, unrelated to the present inquiry, I made in Sep- 
tember, 1939, a survey of 82.7 employees of Lcdcrle Laboratories in Pearl 
•River, N. Y., with respect to the incidence of common cold. Tliese jiersons 
"ere kept under periodic oliservafion in the winter and spring of 1939-1940. 
.Among the 825 individuals 99 reported having hael no colds in the juvst three 
.years. Locke in Pittshuvgh finds 12 per cent of unseleetcd persons free of 
colds. ' 


Fifty-two of these cold-free per.sons were selected for further c.xamina- 
tioii because of their ready accessibility and their intcliigcnce. Fifty-one per- 
sons who had a history of at least one cold® aiuuinlly were similarly selected 
for examination. 

Each individual of tliese two groups was rei)entedly questioned as to 
the presence of food allcrgyf in himself and in bis immediate family. In a few 
instances, when tlio inquiry took place shortly after a me.nl. the pulse rate 
"■as observed. This latter evideuee Avas Iielpful, of comse. only wlien the rate 
high enough to be considered probably food allergic. The results of this 
examination are shown in Tables I and 11.' 

Among the grou]) of 51 persons who were sx^bjcct to colds, there wore 
iree K., \y, Kw., and A. AV.) who presented no personal history of food 
■' eigy; however, the high pulse rate of 96 observed in Iavo of those men one hour 
iiiarhs them as most probably food allergic. N. G., J. H., and 
■ • gaAe a bilateral negative family histoiy of SAmptoms of food jiUergy, yet 
'-1'- is no doubt that all three are themseh'es food allergic. The strongest 
^ <>»Jt of evidence of food allergy in C. C. is the hilateral family history of food 
The evidence of food allergy in H. H., B. R., and E. ^V. is weak. 

the possihility that A. ^V., C. C., H. II., B. R., and E. W. 

1 allergic, one may draAv from these data the conclusion that a 

fewT l”'0^>ably about 90 ])er cent, of cold-susceptible persons are 

Among the 52 persons aa-Ko had had no colds in the seasons of 
vioii 1939-1940, and Avho reported liaving had no colds in the pre- 

dirce 31 reported a negatiA'c family history, as contrasted Avith 

or 1 PPi’sons among the cold-siisceptible group. Tas’o others had sister's 
all of wliom Averc free from food-aUergic symptoms. Five others 

' should Sirise a.s to whether som*j ot the groue of cold-susceptible persons 

p^t >.AV' Perenni.il allergic corjza, it can be pointed out that since the group was 

coultl W random, not more than 2 per cent tat nio.st one or two Individ- 

, con> , irT be so naecltd. Incidentally, one of the cold-free group has had 

•'‘■r mbvooW i,,!! 1"® ,V!*nter. Tvhich has been controlled bv specific treatment. This employee 
a,, 'The CDM.i condition for common cold 

clinical cour5f*« Persons presented pineal histories of an acute infectious coryza both 
,, IThe e.\r,r • " charactensUc change in the exudate. 

1 ^0 moff allergy” throughout this paper refers only to familial nonreapinic 

JoTfcv,. "hich. according to exidence that wlU be presented In a later 

Atitis). • must be separated from reagime atopy tasthm.i. hay fever, atopic 



Table I 

iNcipBNCE OP Food-Allergic Symptoms in Persons Susceptible to Colds 


760 


THE JOURNAL OF LABORATORY 


AND CLINICAL MEDICINE 






COCA: FAMILIAL NONREAGINIC FOOD ALLERGY 


761 



Questionably food-allergic 



Not Susceptible to Coi.ds 
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Tabm; II — Cont'j) 
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reported a negative history in one parent. Twelve were unable for one or ar.- 
other reason to inquire of either parent about the matter, and only two gavu 
bilaterally positi-i-e family histoiy of food allergy, as contra.stecl witli clevijiS'; 
persons in the cold-suseeptible group. 

The last seren of the cold-free group are no doubt food allergic, but miWlj 
so, excepting possibly A. S. and E. W. The preceding four are questionslb 
with regard to food allergy. 

The compaidson of the data in Tables I and II hardly permits any doubts 
to the important role of food allergy in predisposing the person to coto: 
cold. Granting this conclusion, one can now appreciate fully boebe s jp- 
plication to his problem of the scientific method, in both design and tel- 
nique, and also the accuracy of his deductions. 

Throughout his study Locke seems to have been quite in the dark as to th 
nature of the original causes of the “nonspecific factors” of whose e.ud«t 
he was collecting such convincing evidence. Although the thought of a 
as a possible nonspecific inflnonce evidently crossed his mindj it seems o ^ 
been set aside, no doubt because he rvas not aware of the lai^e me 
that state and had no method of detecting its presence. ^ 

Particularly illustrative of his correct insight is his forthnght asscr wn 
“Probable nonspecific predisposition to common cold, ^ 

not identical with tlie probable future incidence.' In the ig ° 
of our own investigation, this statement may he parai)hiasec as 
food-allergic state, which usually predisposes to common <=0 d, maj 
at the time of test in some persons who are not cold suscep 


eases in Table II). ^ , Qjjnncaui 

For the question : What is the nature of the nonspecific pie j] 

of common cold? there is a suggestion that arises out 0 a e ac 

served phenomenon hi food-allergic persons : namely , le ra ^ 

equally' rapid loss of weight which sometimes is no icec 
lergic headache and as the attack passes off. Some oise . 
that the loss of weight has been associated udth an increase 

urine. . gPerg}' 

I have noticed this phenomenon in several persons lu persons 4 ' 

symiptoms were relieved liy' avoidance of the allei genic 
and A. P., urticaria ivas an outstanding symptom. poun 

were identified and eliminated, there lyas a and tbc 

in weight, although the diet was ample and we L‘ rapid loss 0^ 
health was decidedly improved in both indmdiia s. 
in these eases is, of course, due to the withdraw ^ ° cphick in 
tissues similar to that described by von Pirquet an urticaD^ 

from serum disease. This phenomenon is not fluid int® 

so-called angioneurotic edema. The allergic m 

is usually so distributed as not to be grossly percep • goid..siifCfP" 
From the foregoing considerations it is seen a saseept'’''''''’ 

persons in whom food allergy' is a predisposing cans 
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-‘nonspecific factor” of Locke may be the effect of allergic edema. This sug- 
‘^estion has some support in earlier published observations, as interpreted by 
[loelzeP and others. A number of investigators*®'^® have reported that the 
incidence of colds is reduced by restriction of carbohydrate consumption, 
tloelzel,*® JIcQuarrie,*^ and Higgins*^ attributed the reduction in the number 
of colds to an observed lessening of tissue liydration. 

There must be other predisposing causes of susceptibility besides food 
.allergy. This conclusion seems forced by tlic fact that, although between 20 
.and 25 per cent of white families arc free of food allergy,* only 12 per cent are 
quite free of common cold, and a few of these arc food allergic. 


SUMMARY 

Evidence is offered of the importance of food allergy as a predisposing 
cause of common cold. 
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^ “eircJlation Phannacologic propciiies of ioWinc, (t 

iJiis oomminiieation di.senss’iAn”\-7i\ determined by this substance. Ij 

method of ascei-tamino- fi,^ miited to directing attention to a new 

series of patients stiulioP t +i • ''”d to reporting an acMitional 

^.uuiLu ny this means. 

The original contrilnition nf 

indicated that loheliriG provide 1 P O'" and Sorp hnsod upon the study of 105 pafoh, 
tinie. The end point (couah'i ^y*^*^**'® wothod for the determination of circuMnj 

from toxicity, and the rosi It- '*'* ®^riking and hriof, the procedure simple, the druj free 
to 0.04 mg. of loboline (or le graphic registration. When less tbn (l.i'd 

't''as emploj-ed iiitraveiiousK- O-OS to 0.12 mg. of .synthetic loheline) per hiloKtaa 

brief apnea, a coi/ffL, and tu' * “Pored at timesj with this dose they noted 
“f the patients; the' nerc T' P'^^TPnea. Cough was elicited in SO to 70 per teat 

test after 15 to 20 minute ^^'icce.s.sful re.snJts was incren.sed hy repetition of It* 

polypnea was registered ^ ®Psl>tly larger do.se. If cough still failed to omr, ft? 

Volgin and Sfxn ' P^oomograph in order to obtain an objective end point 

SO indiyiduals. .Stanoiev'*-? '’’'served 49 patient.s, and with njordjerics they sfuJic! 

rvas used e.xelusivelv and'^ Participated in 50o determinations on 150 patients. I.oheKt! 
dividualized but did 'not m re.spond with cough; the do.'nge 'msW' 

10.3 seconds in the v ^ hilogram. The cireniafion time nmounti'cl a 

in niiseellaneous patientl^^-^ '‘oi'nal adult (Teplov and ,Sor, 13.4 seconds), to IS.i stmb 
P’ith cardiac deroiri ‘ patient.s with cardiac compen.sation it was 13.4 .ind in tho'- 
basis of 140 determ' T seconds (Teplov and Sor, 40 seconds). On df 

unpleasant concomit-in's ''^^bna-- concluded that the method wa.s objective, free 
Trimarchi,G emplovino 1 “Station.s, uniform in it.s resu!t.s, and harmless to patienh-- 

v .«.„ 2 rr .™ f " 7 “'" O '” »' 

when the maxim- 11^' “imints .seemed necessary in some cases of anricular fihri!hlio-( 

cases, lasted for a'few”.secoTH P''C«<»<^‘'“1 P«b> “"d dyspnea developed w 

s, and vanished without sequelae. 

, , ' o preliininaiy experiments ax-ranged to familiarize ourselves wifii 

fi^ fv Patients often commented upon a peeiiliar seu-sad®® 

tic ^ ing ) ■ niay or may not be accompanied by cough. 

on r ^3 to C4 years and wi.o.«c ^veights ranged 

90 to li5 pound.s comprised this group, aiost of them were suffering from goaoccrr- 

i.-_ --..-I _ C. „ ^ TJjp 

Xone of them hftcl cough as a synipcOHi^ 
serried, Ke«- Y«r3 


.V j.,o ijuuuu.-. comprised this groi 
urethrit is and a few from pos'planu.s. 

ColIegefSSwer a^^FKth’Avonue^Hosptols^^^®^'^*’”’'^" Hospitaf 
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were conducted under basal conditions and at the same time of day. Patients imagined 
they were receiving some therapy. Each of them, regardless of age or weight, received 3 
mg. of loheline intravenously. After the injection they' were ashed whether they felt any- 
thing. If nothing occurred, the test wa.s repeated with 6 mg. of lobeline. 

) Wien 3 mg. of lobcline were lulministerod, 9 patients had tickling in tlie throat, 6 had 
cough, and 5 had no respon.se. "When 6 mg. of loheline were given to the 0 people who had 
tickling, 6 responded with cough and 3 with more pronounced tickling. Among the 5 
; with no response, 3 developed tickling and 2 cough with the larger dose. In short, 15 of 
20 patients had an olijeetive response, and the remainder had a reaction which made the 
end point easily recognized. No ill clTects followed. 

These results suggest that tlie iiitravenoii.s injection of lobelinc in doses of 
from 3 to 6 mg. provides a dependable reaction for the objective detennination 
of circulation in 75 per cent of patients. Einployinent of an additional sub- 
jective symptom practically eliminates negative responses Yvlien the larger dose 
'is given. 

The ciretilation time of 75 individuals suffering from various illnesses was 
then determined. 


Alpha-lobcline was employed exeUwively. Since 1 c.c. ampoules contain 0.01 Gm., 0.1 c.c. 

• corresponds to 1 mg., and no difficulty is encountered in c.alcuhition of dose. Moreover, 
tlie volutne of the solution is small and the time required for injection is short. Although 

r 0 nig. will usually elicit a response, 3 to 7 mg. were employed in accordance with the weight. 
(Trimarchi has injected 11 mg. in per.sons with severe cardiac disease.) 

Patients were a«ked to lie as flat as possible, to relax, and not to hold the breath. The 
Btomacli must he empty. The purpo'^e of the test is fully explained to dispel any fear. A 
tourniquet may he applied to the arm to assist in visualization of the vein, but it should be 
remoTed prior to the injection. The injection time should not exceed two seconds. The start* 

• wg point of the time was placed at the moment the plunger struck the bottom of the syringe; 
* e end point was considered the elevation of the hand or the cough. An ordinary stop watch 
was employed. A 23-gauge needle, 1 inch in length, was found to be most suitable. No 

.1 patient experienced any pain; a few times some of the solution spilled into the paravenous ti.s- 
- Sues but no inconvenience or symptoms resulted. No patient objected to a repetition of the 
^ *. patients violated the rule of an empty stomach and ate fruit one-half hour before 

^ ‘ajcctioE. One did not respond at all; the second responded after fifty seconds, although 
' n eight-second circulation time was obtained on the following day; tlie third, who had 
oaipensated cardiac involvement with a prolonged circulation time, showed excessive pro- 
Sation (moie than one minute), tlien coughed and vomited. 

doses (3 to 4 mg.) the rate and depth of respiration may change. However, 
'i uot\^ cannot he employed as an end point since the first alteration of respiration may 
recognizable. Tracings of the respiratory excursion can be secured, but a necessity for 
y pecial device defeats general employment of tlie test. 

Peculiar sensation in the throat precedes or accompanies the cough. The occurrence 
' ftiaunc be accompanied by' a giimace. The sensation is described in various 

' '^‘'ually as tickling or '‘something coming up quick in the throat." At all 

) *oon as P^^ceived as something unusual. Patients were instructed to raise their hand as 
there" ^^ything; usually cough occurred while the hand was being elevated. If 

' lieta between the two phenomena, not more than one or two seconds separate 


The 

not 


cough resembles the explosive cough caused by the inhalation of smoke or dust, 
hronchiect distress patients in any’ way. Individuals suffering from 

asis, pueumotiocouiosis, or pulmonary tuberculosis, said that the cough was un- 
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usual and sounded different. Occasionally the patient asked for a sip of water “tofu lb 
throat" which “felt dr.v." Three patients noted moderate dyspnea; one patient rep, rid 
a sensation of choking, although no d 3 -spnea was observed, hlany individuals experteei 
an improvement of respiration, were plea.sed with the injection, and the momcntaiv to»:i 
was attributed to nervousness. 


No members of the other groups to be reported were normal, but many of 
them sought treatment for trivial conditions, such as pes cavii.s and bursitis, 
which may he regarded a.s having no hearing on circulation. Physical exarai- 
nation of this group yielded normal finding's in tlic lungs and cardiovasciilat 
system. Patients w’itJi iniitoi'tatit affections not involving the lieart or rcsjiiraton' 
system xvere also examined. They tvere considered normal from the cardio- 
vascular standpoint. 

In many the venous pressure was estimated by the degree of engorgement ci 
tlie veins of the neck and the level at wiiich tlie arm veins collapsed upon d?- 
vation of the liml). Exact measurement xvas regai'ded as nnncccssary. litd 
capacit.v was determined Iry tlie usual apparatus, but it did not constitute k 
part of the test. 


Group 1 . — Six patients, 5 females and one male, formed this group. Their ages rto?* 
from 22 to 52 years. Four had secondary anemia and tuberculosis, one had a seconJarj awtu 
and subacute bacterial endocarditis without cardiac decompensation, and one liad pc*'®; 
anemia. The liemoglobin estimations in the group ranged from CO to CO per cent; the ic 
blood cells did not vary more than 200,000 from three million. 


The circulation time in this group of patients who had anemia varied w® 
three and one-half to eight seconds. The two shortest eirenlation times m ( f 
entire series occurred in this group. 

Group S. — Twentj'-tliree patients, 13 males and 10 females, were placed 
Their ages varied from 13 to 00 years. Only one patient had a '^ardiovascu 
(cirrhosis of the liver, pulmonary emphysema, and possible beriberi heart. 'c 
peripheral edema. His circulation time was eight seconds). 

The average circulation time in this group of patients who had no 
no cardiovascular disease (one exception), but definite ilhiesses, n< 
onds. One individual (tonsillitis) had a circulation time of ttvent) sM 
no demonstrable cardiovascular involvement. Individuals with 
toxicosis (two observations) had times of five and nine seconds. J 
exception noted the extremes of this group vvere five to txvelve seeon 


Group Sa . — Two males and one female, whose ages varied from 


22 to d'l 


ftered fc®" 
, of 


mild, moderate, and severe pulmonary fibrosis, associated with pneumonocom^ patient-^ rACf^' 
had electrocardiograpliic alterations as well. The circulation times of shortest 
from six to nine seconds. The patient with the lowest vital oapaeitj 5s 
tion time. moftorW 

Group Sh . — Three male patients, whose ages were 32, 39, •il, J Tie"' 
pyopneumothorax). The circulation times ranged from seven to four jaferior 

dividual witli the longest circulation time had a Peabody gggnjgj to he * 

that of the patient with a circulation time of seven seconds. icie 
tionship between the Peabodj' factor and circulation. oroup. 

Group 3c . — Eleven patients, 8 males and 3 females, comprised f " 
varied from 23 to 79. They suffered from various cliest diseases, sue i a 
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lalignancy, and caseous pneumonic tuberculosis. The circulation times ranged from six 
0 ten seconds. The patient -n-itli the longest circulation time had pneumonia. The pa- 
ients with the lowest Peabody factors (3.6, 3,3) had shorter circulation times than a pa- 
ient with a much higher Peabody factor (5.0). Although cough and dyspnea were present 
n pulmonary malignancy, the circulation time was eight seconds. 


Among 17 patients presenting various diseases of the lungs, the circulation 
' ime varied from six to fourteen seconds. Dyspnea of pulmonary origin did 
lot prolong the circulation time. 


Group 4a . — Three male.s and 2 females were placed in this division. Four suffered from * 
. ;heumatic heart disease, and one from sj'philitic aortic valve insufficiency. One patient had 
-ardiac compensation (ten-second circulation time). Two patients had auricular fibrillation 
(circulation times of twenty-five and twenty-eight seconds). In the 4 patients with cardiac 
lecompensation the extremes of circulation time were from .sixteen to twenty-eight seconds. 

Group 4b . — Six males and 7 females, whose ages ranged from 32 to 71, were placed in 
;-his class. All of them had hypertenffion and some had suggestive evidence of coronary 
•artery disease.- The circulation times varied from twelve to thirty-five seconds. The patient 
with the shortest circulation time was able to lie perfectly flat, but she had some dyspnea 
on walking (very obese woman). Patients with circulation times of fourteen to seventeen 
•■seconds "had to sleep with pillows,” were “short of breath at night,” or had dyspnea on 
irWalking. Those with circulation times of seventeen to thirty-five seconds had definite cardiac 
s decompensation, 


Croup 4c . — This division contained 11 patients^ 9 males and 2 females. The ages 
varied from 44 to 83. They all had marked evidence of coronary artery disease. Two had 
auricular fibrillation, one had angina pectoris, and two had survived coronary thrombosis, 
le circulation times in the group ranged from eleven to forty seconds. The group with the 
sixteen-ficcond circulation time was composed as follows: 2 without symptoms (the 
th responses at eleven and fifteen seconds; one with recent coronary 

osis, Without evidence of cardiac decompensation, at thirteen seconds; one with recently 
^recovered cardiac compensation, at fourteen seconds; one ivitli slight dyspnea, at sixteen 
con s. The remainder obviously had cardiac decompensation and their circulation times 
■' '"‘“Sed from twenty to forty seconds. 


'the cardiac decompensation showed a definite prolongation of 

c circulation time. Circulation times above twenty seconds were always 
Ijut ^ cardiac .decompensation, but one patient with unproved 

Jf! probable cardiac decompensation (group 2) had a circulation time 
On the contrary, patients with a wide assortment of 
exception) did not have circulation times above sixteen sec- 
occur exception appears quite important and sugge.sts that exceptions 
(Ip V directions, namely, normal circulation time in rare cases 

labs ^ decompensation and prolonged circulation time despite the 

I olher^’ deeompensation. These exceptions imply that this (and 

from infallible and cause one to doubt their applica- 
, ^ diagnosis of cardiac decompensation'. In short, one wonders whether 

and ^h^ ®^^*^‘ciGntly delicate to be suggestive in early cardiac decompensation 
Gr they are necessary in manifest cardiac decompensation. 

showed increased velocity of the blood 
don tinlT occurred in cardiac decompensation ; when the circula- 

icmained status quo the general situation persisted unchanged. For 
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example, the circulation times at two-week intervals in one individual 
cardiac decompensation were thirty, twenty-two, fifteen seconds, Ycspwtivfk 
as he improved. One patient with cardiac decompensation liad a circulation tho 
of twentj'-five seconds ; one and two week.s later tJio same reading was ote.t-1 
and no recognizable change occurred in the situation during the interim. Simik- 
re.snlts were obtained in numerous other individuahs. 


Volgin and StanojeviCa compared the circulation time obtained with loheliiie wl. 
tliat secured by dechoiin and saccUarin. They found the circufation time in at! pws' 
0 was longer with the dechoiin ajid saccharin and that variation.s were greater iritiiin (lA 
of the various groups, i.e., among normal individuals and among patients with canliati!* 
compensation. The longer time might be partly explained hj- the differeiicD in tlic infA- 
anism, that is, dechoiin and saccharin arc arm-tongue niethod.s, whereas lolieiinc is si 
arm-carotid sinus method. The results obtained by dechoiin and saccharia are simiisr, 
and the discrepancy in comparison to lobelino is greatest in patients with cardtac tor 
pensation. A study of lobeline and calcium gluconate indicates that the circuiatioa tw* 
with the former is shorter than with the latter. In ten experiments the Jolieline time lU' 
one to seven seconds shorter than the calcium glucoimte time in nine patients; thetslio- 
gluconate time was shorter than the lobcline by two seconds in one patient. 


A veview of all the results obtained indicates that a sharp line fUMOl >c 
drawn between individuals whose civeulation is normal and Hiose 
decompensation by means of the circulation time. Nevertheless, setera ct 
servations seem worthy of mention. 

Manji patients witli pulmonary tuberculosis, lironcliiogenie careHWin 
plonrisy, pneumothorax or anemia, exhibited dyspnea at re.st or upon 
tion. The circulation time wa.s not prolonged in any of these 
as eai'diac decompensation was absent. Accordingly, it seems that t ie 
hav'e value in assisting to differentiate between dyspneas of cauiaear 
monarv origin. ^ji 

The degree of edema and the hoiglrt of tlic venous pressure 
the circulation time. In two patients who suffered from 
had marked anasarca and increa.sed venous pressures (three p us). 
tion times were seventeen seconds in one and tliirty-four sccon s 
One patient witli einhosis of tlie liver and possible beriberi heai 
the abdominal wall and of the lower extremities and increase 
(one pins) , although the circulation time was eight seconds. 
time does not seem to be correlated with the degree of failure o ^ 

of the heart, bnt bears a I’clation to left-sided 

currence of edema and tlie increase of venons ]n’essure jjiu veno 

ritllWOTff 

hi: 


of the right ventricle (other causes being excluded), the heiglh 


pressrrre bears no relation to the eireulatiou time. 


In fact, patients v 


venous pressures showed a greater circulation time than 


those with very 


venons pressures (two and three plus). One individual ur * ^ 
pressure (three pins) had the same prolongation of eiieu a i 
four seconds) as another with a slight increase (one plus). ^ pii-eiiidh 

A vital capacity as low as 550 was found in a patient v 
time of six seconds. The patient had pulmonary fiinosis m 
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-Another patient with a vital capacity of 3,400 and a Peabody factor of 7.5 showed 
■1 circulation time of eighteen seconds; still another individual with a vital 
.:apacity of 1,200 and a Peabody factor of 2,7 had a circulation time of eight 
‘Seconds, lleductions of vital capacity not of cardiac origin do not seem to in- 
diiencc the circulation time. 


Circulation times between three and thirteen seconds were recorded in pa- 
tients with no myocardial failure. Circulation times of twentj'-four seconds or 
more occur in persons with cardiac decompensation. Normal persons with com- 
pensated heart disease or with incipient myocardial failure had circulation times 
of fourteen to twenty-four seconds. The longest circulation time in a person 
without cardiac involvement (tonsillitis) was twenty seconds; tlic average for all 
those without cardiac disturbance was eleven seconds. The shortest circulation 
time in the presence of indisputable myocardial failure was thirteen seconds, 
the longest was forty seconds, and the average was twenty-seven seconds. Ac- 
cordingly, the method cannot bo employed to determine the existence of circu- 
latory failure. However, it may assist in the differential diagnosis of dyspnea 
and in the determination of the therapeutic progress of a patient. 

It does not seem advisable to enter into a discussion of the mechanisms 
thought to be involved in the lobeline test since the problem has not been com- 
pletely solved. However, tlie weight of evidence' strongly favors the participa- 
tion of the carotid sinus in the re.sponsc. Accordingly, the lobcline and sodium 
cyanide methods for the determination of the circulation time arc closely allied. 


SUMMARY 

Lobeliiie was employed for the determination of the circulation time in 95 
patients. The absence of intolerance, toxicity, or cumulation noted by other 
ohser\ers found further confirmation. A new subjective response w’as observed; 

tickling’' sensation as the end point may be employed when cough is 
picsont and might be confused with the lobeline cough ; it also makes the test 
■ippiicaiile without recourse to special devices and permits a definite result to 
obtained in practically all cases. 

The objectivity of the lobeline test endows it with certain definite advantages 
some other sul)staiice.s employed for the same purpose. However, in de- 
>innatioii of the existence of cardiac decompensation, it possesses those dis- 
’’Ontages which are intrinsic to any “circulation time” metliod. As an ob- 
means of differentiating dyspnea of left ventricular origin and that of 
onary originj and as an aid in following the course of tlierapy, it may pro- 
e some very useful information. 
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REPORT OP A CASE OP CONGENITAL ABSENCE OP THBSPLBEX 
AND CHRONIC AMNJOTIC FLUID PNEUMONIA 


Richard L. Nelson, AI.D., P.A.A.P., and D. R. Venable, A.B, M.D. 
Wichita Palls, Texas 


' j 'HE congenital anonial}'- herein reported is not common, judging froia ife 
coinparativeI,y fetv such cases found in the literature. During the past ten 
years we were able to find only five reported cases of congenital absence of fts 
spleen, and only one of these was in an American journal, the interesting aceoira! 
by M. S. Peterman in the Journal of the American Medical Associalionio! 
October 8, 1932, of a double anomaly, the absence of both spleen and left kidney- 
The history of apparent constitutional inferiority that the author gave in ikb 
case is very similar to the history of the fourteen-month-old boy upon whoni ^e 
performed a necropsy. 


The child was resuscitated with considerable difSculty at birth, liavinf 
aspirated a large amount of mucus and amniotic fluid. Examination tvelve hoOR 
after delivery revealed a listless, cyanotic baby, with a weak cry and an inability 
to nurse, although he weighed nine pounds and was a full-term child. Coaw 
rales were heard over both lungs, and he seemed to breathe with considers « 
difficulty. The heart was normal to auseultation and percussion. At three 
of age an x-ray examination of the chest sliowed marked increase in pidwonarj 
markings, but no enlargement of the thymic shadow. The heart was iiorws i 
size, shape, and position. At this time no rales could be beard o^er ^ 

the infant continued to be cyanotic; he bad little appetite, and wasquh^ ^ 
When he was six months old, he developed an attack of broneliopncuBioma 
was acutely ill for several days. He recovered from this but coutiu"^' ® ^ 
marasmic and the peculiar cyanosis persisted. He was not seen again unb 
days prior to his death, wheir the mother noticed that his left foot was co 
clammy and showed a bluish discoloration. He had some fever at 
became rapidly vvorse and developed a temperature of 102.6° P-, 
tions, and rapid pulse rate. The heart was enlarged to the left, with a 
impulse and a blowing systolic murmur at the apex. The liver margm 
felt one and oue-iialf fingerbreadths below the costal margin. 
not be palpated. The lungs were clear. An electrocardiogram 
deviation and tachyeardia. The lower third of the left leg and the Je^ 
cold and purple, with a sharply marked border indicating 


No pulsation could be felt in the anterior tibial artery. Blood eulfuresj 
indicated laboratory procedures were omitted out of deference to 
wdshes, since it was so evident that death was imminent. Local an 



NELSON-VENABLE : CONGENITAL ABSENCE OF SPLF.EN 


773 


- treatment were o£ no avail, and the child died the following day. Just prior to 

■ .death the temperature rose to 106° F., and the pulse rate was so rapid it could 
not be counted. 

The necrops,v showed a fairly well-nonrislied infant. The lower third of his 
left foot and his left le^' were gangrenous due to thrombosis of the blood vessels. 
The lungs appeared firmer than normal and microscopic sections showed a pecul- 
. iar condition in that man.y of the alveoli were obliterated by fibrous connective 
^ tissue; the walls of the functioning ones were very thick, probably the result of 
' the amniotic fluid pneumonia that the infant had at birth. The heart was greatly 
dilated and the pericardial sac contained about twice the normal amount of fluid 
which was blood-stained but not purulent. There were fresh vegetations on the 
.mitral valves which also showed other evidence of acute inflammation. The other 
valves were normal. There was no evidence of anj' congenital anomaly of the 
heart which might have accounted for the cyanosis that was present throughout 
the child’s life. A large ante-mortem clot, which was firmlj’ adherent to the 
chorda tendineae and showed beginning organization, was found in the left ven- 

• tricle. There were fibroblasts present as well as polymorphonuclear leucocytes 
-'and some lymphocytes. The liver was large and congested, and the liver cells 

showed albuminous and fatty degeneration. The kidne.vs showed similar changes 
r ■■ but to a much les.s degree. The gastrointestinal tract and pancreas were normal. 

A thorough search failed to reveal a .spleen, although all the viscera were removed 
."from the abdomen. An unsuccessful attempt was made to locate a splenic aniage 
by following up the branches of the celiac artery, but no such vessel was present. 

■ ' bacterial endocarditis with emboli to the blood ve.ssels of the lower third 
; o£ the left leg and the left foot and the resulting thrombosis were the immediate 
■’ of the death of the infant. Just what part, if any, the congenital absence 
■* 0 the spleen could have played in the production of the marked cyanosis that 

• (persisted throughout this child’s brief life is an interesting speculation. Since 

hi* ** *™Poi'tant organ in the hematopoietic system, it is conceiva- 

c that its congenital absence might have exerted a profound and adverse intlu- 
; I race upon the circulatory system or, for that matter, upon the whole constitu- 

l-'tional well-being of the child. 


THE PHARMACOLOGY OP SILICA«= 


Effects and Mechanism of Action of Patad Intravenous Doses of Siucif 

Acid 


Walter Modell, M.D., and Charles Salzman, B.S., New York, N. Y. 


T he study presented liere is part of a larger project on the nature of silicosh 
Tlie exact form of silica which produces silicosis is not known, but there h 
evidence that silicic acid may pla 3 '’ a role as an intermediary chemical agent a 
the development of the diseased We shall deal here ■with the results of an inud' 
gation of the pharmacologj’’ of silicic acidt and give special consideration to 1 le 
following : I. Toxic and lethal dose. TI. Systemic effects. III. Mecliainsm. 
(a) role of blood clot formation and (b) site of action. IV. Significance o 
colloidal nature of silicic acid. 


METHOD 

Cats were used in our experiments. Silicic acid sol was the onl} 
colloidal silica examined. It ivas prepared by dissolving suitab e ai^^^ 
sodium silicate in water and treating with an excess of 
Avas dial^'zed against water until free of chlorides and then concen 
wdiat more than 1 per cent b.v evaporation wdth heat nndei 
The silicon dioxide content w’as determined gravimetricall.3 bj rj i 
burning. The solution w'as then diluted to 1 per centj; an su « ^ 
chloride was added to make an 0.85 per cent saline coucentia 
amount of hj'drochloric acid was added to retard the de’\ vere 

solutions were stored in a refrigerator when not in use. ■ r|ij,epll 
slightly opalescent at the outset but no gel was visible speciw^'- 

of each batch was determined electrometricalljL This vaiiecl vi 
The same batch of silicic acid urns used in each series of expermie 

The cats were anesthetized Avith sodium amjdal bj' the int ^ ^ In 

intraperitoneal route, usuallj^ the former in doses of 40 gjjjeic at’*' 

most experiments kymographic records Avere made of the e 
on blood pressure, heart rate, and respiration, although some o 
made on intact uuauesthetized animals. Electrocardiogiaphic le' 

‘From the Department of Pharmacology, Cornell ^esrAUnUnlstrahonj^^^ 

This study was made under the carried out by ' tli^ * ■ 

sponsored hy the Department of Health of New York Citj , jjygiene Conm 
rersity Medical College, New York Hospital, and the Industrial 
Tork Tuberculosis and Health Association acting as coope a h 

Received for publication, December 5, 1933. interchangeably. _ r-he ank’-''- 

tThe terms silicic acid and colloidal silica will he used respecti''®'f' 

IBatches l and G were m m>as_0.J5 per cent andJ.jlPj^^^j • 

purposes oi 


+ i5aLCiit:a i duu o wuic jiidAic cio v. . v « — yiJrtviHp 

of silicic acid is always expressed in terms of silicon uioxiue 

§.A11 doses are considered in relation to body weight, bu 
phrase, “per kilogram,” will be omitted. 
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[1 some experiments. Silicic acid was always administered intravenously. In 
rder to prevent tlie formation of intravascular clots and clots in the recording 
ystem, an anticoagulant dye was used in all but a few stated experiments. This 
jrocedure is discussed later. 

All animals were examined after death. Sections of tissue were preserved 
or microscopic examination, but the results of this examination \vill form part of 
iiotlier report. 

EXPERIMENTAI, 


I. Toxic and Lethal Dose . — The lethal dose of silicic acid was determined 
»y continuous intravenous injection. The injection was stopped when blood 
ircssiire fell to about a level of 100 mm. Hg, since such falls were almost always 
atal However, more silicic acid was administered if necessary. The animals 
vere anesthetized and the blood pressure was recorded from the carotid artery. 


riie rate of intravenous injection was varied to determine what role the rate 
)f administration might play in tlie toxicity of silicic acid. 

Great variability of the fatal dose of silicic acid within each batch and be- 
•ween batches was a prominent feature. The average lethal dose of batches 
varied from 15 mg. to 193 mg. Tlie smallest single fatal dose was 5 mg. and the 
argest was 284 mg. The lethal dose witliiii each batch, liowever, remained in the 
>ame general range. Thus, in the batch in wliieh 5 mg. was lethal in one case, the 
argest dose was 20 mg,, while in the batch in which 284 mg. was the largest 
• lose, the smallest dose was 142 mg. Lethal doses of the same specimen of silicic 
loid varied as mucJi as 100 per cent on the same day, ruling out tlie possibility 
■at a change in tlie silicic acid had occurred. The toxic dose (i.e. tlie dose neees- 
•arj to produce a perceptible fall in blood pressure) was ns variable as the 
otial dose; generally it was about GO per cent of tlie lethal dose. 


Tablk I 


Tabl’l.\tiox op pH op Specimen's of Silicic Acii> and the Lethal Dose 


BATCH 
— NO. 

pli 

AVG. I.. D. 

RfC./KG. 

NO, 

CATS 

4 

1 

1.53 

16J 

8 

1.55 

15 

2 

1 

1.60 

48 

5 


1.60 

53 

9 


1.7S 

15 

3 

G 

1.37 

2.40 

30 

152 

o 

10 


2.65 

193 

14 


•Tabl 11**^ different batches of silicic acid varied between 1.53 and 2.65. 

pjl “^dicates the absence of correlation between the lethal dose and the 
-'hlorie” prelimiiiaiy experiments with salt solutions, to which hydro- 

added to produce the same pH as that of the silicic acid 
/anv «n“ . experiments, indicated that the acidity itself was without 

^ amounts used. 

V ‘JQired results in Table II it appears that the more rapid injections re- 

^ latent amounts of silicic acid to produce death, but this may be due to 
period in the development of the effects of silicic acid, so tliat the end 
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Table II 


Tabulation of Average Bate of Injection and the Lethal Dose 


BATCH 

NO. 

AVG, RATE INJECTION 
MG./KG./SEC, 

AVG. L. D. 
AIG./KG. 

RANGE OF BATE 
INJECTION 
HG./KG./SEC. 

Ka 

CATs 

7 

0.25 : 

48 1 

0.19-0.37 ! 

U 

o 

0.20 

30 

0.17-0.35 

« 

1 

0.44 

15 

0..33-0.51 

a 

2 

0.53 

15 

; 0.20-0.8.'; 

1 -J' 

4 

1*3B 

165 

0.06-3.91 

' . $ 

5 

1.40 

193 

0,47-2.37 

,!< 

7a 

2.03 

53 

0.96-3.33 


6 

2.5.3 

152 

0.70-4.00 

m 


Table III 

Tabulation Within Batches of Silicic Acid of the Bate of Injection' and the 

Lethal Bose 


bate injection 
aig./ko./sec. 


LETHAL DOSE 
AIC./KC. 



Bateti 6 — pH 

2.40 

85 

0.7 




1.0 




14C 

1.0 




190 

1.8 




106 

1.8 




211 

2.6 




220 

3.0 




134 

3.0 




ISO 

4.0 




88 

4.0 




159 


Batch 7- 

-pH 

1.60 

09 

0.19 



0.21 




3/ 

0.24 




58 

0.25 




.30 

0.37 




44 


Batcli 7a- 

-pH 

1.60 


0.96 



43 

1.26 




63 

1.2S 




41 

1.33 

1.54 

2.34 

2.92 

3.27 

3.33 




50 

54 

S3 

33 

49 

50 


Note: Batches 7 and 7a are the same specimen of silicic acid, 
represents slow and rapid injections. 


in 


ro 


point was passed in the titration. In Table 111, iioweveL 
lethal dose and the rate of administration for all experiments jt- 

of silicic acid are given, there appears to be no significant coire ■ 


injection rate. acii 

II. Systemic Effects . — The pifects produced by all 'pjjeil an 
were qualitative^ the same. In nnanestbetized animals it pr0‘ “ progrf.«'' 
ation of respiration, which in the case of fatal doses was 

In the fatal eases the entire .eq 


wealcness and finally clonic convulsions 
events usually occurred within five minutes after the injectwu. 
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Pig. 2. — Complete J-ecovery from an maufftclent dosa ot silicic acid, with death after an additional duse. 
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Table II 

Tabulation of Average Kate of Injection and the Lethal Pose 


RANGE OF BATE 
INJECTION 
MO./KO./SEC. 


0 . 19 - 0 . 3 ( 
0 . 17 - 0.35 
0 . 33 - 0.54 
0 . 20 - 0.83 
0 . 06 - 3.91 
0 . 47 - 2.37 
0 . 96 - 3.33 
0 . 70 - 4 . 01 ) ■ 


BATCH 

Asn. rate injection 

AVG. h. K 

NO. 

5IG./3CG./SEC. 

' 

mg./kg. 

7 

0.25 

48 

s 

0.26 

30 

1 

0.44 

15 

2 

0.53 

IS 

4 

1.33 

165 

5 

1.40 

193 

7a 

2.03 

53 

6 

2.5.3 

152 



Table III 

Tabulation Within Batches op Silicic Acid of the Rate of Injection 

l^ETHAL Dose ■ 1 


rate injection 

AIG./KO./SEC. 


Batcli 6 — pH 2.40 


Batcli 7 — pH 1.00 


LETHAL HOSE 
, MG./Kfi. 


Batch 7a~pH 1.60 


43 

(13 ■ 

41 
50 
54 
82 
35 
49 


Mote : Batches 7 and 7a are the same specimen of svhctc aci 
represents slow and rapid infections. , I 

' in Av!lio5l uOI^ ' _ 

point was passed in the titration. In Table ^vith hfo 

lethal dose and the rate of administration for gorrelohoH 

of silicic acid are given, there appears to he no significant 

injection rate. ^ d J 

XL Systemic JSffects.-The effects produced .odpced a« 

were qualitatively the same. In nnanesthetize am bv prfl?^ 

ation of respiration, which in the case of fa a o entire oe?®' “ 

Aveakness and finally clonic convulsions. In 
events usually occurred within five mmntes after the 
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E'ig. 4.- — RtCcct ot s\\\clc acUl Avlien iniccteCl Into the left auricle. The first tloae administered intravcnovisly hro- 
uuccs a rise In, hoth systolic and diastolic levels of Intrapulinonlc blood pi'essure^ while a sub«e<iucnt dose, four times 
as sreat, injected into the left auricle produces only an almost Imperceptible rise In the systolic level of Intrapvilmonic 
blood pressure. The third dose injected Intravenously, the same size as the first, is fatal. 
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ti'iele or block in the piilmonaiy circulation. The folloiviiig observatio® ra 
made in experimcnt.s designed to shed light on this question ; 

When silicic acid is injected intravenously, it reaches the right veatrii 
in relatively high concentration. It is conceivable, therefore, that the ri:':: 
ventricular muscle is damaged hy the concentrated acid reaching it. Injection 
of silicic acid, therefore, vere made into the left auricle, so that the a’i! 
reached the left A’entricle before it circulated througli the body. Surh injs- 
tions produced the same effects as the intravenous injections ; namely, dhtes- 
tion of the right side of the heart, rise in intrapulmonic blood pressure, and faS 
in sj'stemic blood pressure. The only noticeable difference vas that coaste- 
ably more silicic acid ivas required to produce the same effects than was le 
quired -with intraveiious injections. Four times the dose wliicli when injKtd 
intravenously produced mai'ked changes in intrapulmonary pressure, was mtl- 
out effect when injected into the left auricle ,(Pig. 4). 


It rvas also noted in a series of exjieriments that silicic acid was 25 per®- 
more toxic -when the circulation of the left lung was ligated than when bofii i®? 
were intact. In another ty^pe of experiment , (Pig. 5) the circulation of ffeleA 
lung was constricted while silicic acid w'as being injected, and waste-opened a W 
the injection had been completed. Tims the left limg was temporaril} prolstL 
from the effects of silicic acid. Tlie injection j^roduced a rise in intrapn wonaff 
pressure (recorded from the right ventricle) and a fall in sy'stemic 
soon as the protected lung was re.stored to the lesser circulation, both le^ 
pulmonary and sy'stemic blood pr*essui'es tended toward normal. 
against the effects of silicic aeicl was in evidence until massive 
given, when the protection afforded was only' temporary. 
indicated that the constriction of the circulation to the 
out appreciable effect, whereas after the administration of siliek ^ 
dure produced a definite rise in intrapulmonary and a fall iR si® 


pressures. 

IV. Significance of the Colloidal Nature of Silicic beeas?? 

acid is a colloid and it has been demonstrated by Hanzhk'* that w ^0 
of their physical nature can exert systemic effects, it was c eci e ^bserrAf- 
whether the colloidal nature of silicic acid played any role in t le e 

Cats were injected Avith solutions of egg albumen, pressi'^ 

Sufficiently large doses of these substances produced a fall in sy albuBi-® 
and an aceelei’ation or respiration. However, in experiments w ,^.^.^1 

and acacia, in which intrapulmonaiy blood pre.ssure Avas 
effect was a rise in sy’stemic pressure and not a rise in intiapi 

(Pig. 6). _ . silicic 

Egg albumen does, hoAvever, exert a symergistic action on fgU is 

initial dose of egg albumen (300 mg.), which ® 


initial dose ot egg aionmen mg. . gipcic add ( 
SA'stemic blood pressure, considerably- increased the ° acid d'N 

istered two to three minutes later. In 8 cats the same spf 

aged 165 mg., Avhereas after egg albumen the lethal 30 =- 

for 7 cats averaged only 45 mg. In another senes 
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silicic acid was 193 mg., and after egg albumen it was 110 mg. In botli series lb ; 
effects following the combination were the same as those following silicic cfil i 
alone. 

DISCUSSION - 


The physical and chemical relationship between silicic acid and silica h Mr. 
close ; it has been claimed that silicic acid is hydrated silica,® and x-ray difiracte 
observations indicate that the atomic mosaic of both is very siinilar ii lo. 
identical.^ Gye and Purdy= have shown that silicic acid may, if administerd 
over a long period of time, produce anatomical changes in organs other tliaiiti 
lungs, Avhich are in many respects similar to those seen in the lungs in silicosis^ 
The lethal dose of silicic acid Avas very variable. There is no endencefts 
either the pH of the solutions used or the rate of administration of si icic aei 

playmd any role in the variable toxicity. . 

In the studies by Gye and Purdy it was demonstrated dmt death afterm , 
venous injections of silicic acid was accompanied by inasshe , 

ting. These clots filled the chambers of tbe heart and many o 
On the basis of other experiments these workers concluded t a w . 
Avas the cause of death, it Avas secondary to endothelial damage, ^ 

ments it Avas demonstrated that the lethal dose and the toxic e ec s o 
are not affected Avhen the formation of clots is prevented y t ® 
coagulant. It may be eoneluded, therefore, that while iutraAasra a 
cause or contribute to the fatal outcome, there is another more 

silicic acid v'hich may cause death. _ _ mmelv 

The picture produced by ligation of the pulmonary ai ‘ 
tion of the right side of the heart, empty left side, rise in 1”^* ® intravenon? 
sure, and fall in sy'stemic blood pressure, is exactly repro nee . pjoductio^ 
administration of silicic acid. The best explanation aval a ® jgppfjieluDf- 
of the toxic effects of silicic acid is that it constricts the i oo a gjumical 
The question whether the effects of silicic acid a.w ue j^ijicate ftd 
physical nature is still an open one. Experiments by . “f ’ , nressure, kiP'” 
loids in general may produce marked changes in systemic o 
colloid other than silicic acid has been demonstrated to ^ jljciegcidsnl 
intrapulmonary blood pres.snre. However, the symergisra e 
egg albumen is suggestwe of some common action. 


suAiaiARY AND CONCLUSIONS 

Silicic acid solutions, prepared according to a Tlic 

markedly in their toxicity when injected intravenous y^ „er ki!ogw'«< 
lethal dose of different batches varied from 15 to \d6 1 

not appreciably affected by Avide range in pH or rate ot J . ,,noniiry 
Immediately following injection there was a rise i ^gj,,pauyiii? 
pressure and a fall in systemic blood side. Similar 

ment of the right side of the heart and an emp y capiUaiT 

loAved when silicic acid first passed through the .J • jp 

the case when injection was made directly into t 

The effects on the lung circulation Aveie no . ....a^eiilar floh"’"' , ‘ 
coagulant, and. «.eae£o.-e. .ere aot and 

it likely, in vieAV of the selective action on the lung P 
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other colloidal substances (egg albumen, agar-agar, and acacia) to produce 
‘•^‘■imilar changes, that they represent a nonspecific colloidal effect of silicic acid. 

It is concluded that silicic acid exerts a selective action on the capillary bed 
tf the lungs ■which results in an increased resistance to blood flo-sv and accounts 
. or the toxic symptoms and death. 
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TOXIC HEPATITIS DUE TO SULFANILAMIDE* 


tooRT OP A Fatal Case With Histopathologic Findings in the Liver 


S. S. Berger, lit.D., and H. S. ArpiiEBAUM, 1\[.D. 
Cleveland, Ohio 


T: 


HAT sulfanilamide has toxic effects is generally kno^\^l. That it may cause 
' . has been stressed by several observers. Hageman and Blake' have 

'^kohor ^ ^ox'ic hepatitis, presumably due to sulfanilamide, in an 

ljonf»3 Saphirstein^ recorded a severe but nonfatal case of hepatitis. 

jaundice -with marked decrease in liver function on one oeea- 
'ffev b Hrown, and Poster^ reported two fatal cases of hepatitis in which 

of five T^’C'Cxistcnt liver damage a possibility. Carvin'^ recorded a series 
Cline* hepatitis, one of which proved fatal, but no autopsy was obtained, 

aut place on record a ease of yellow atropliy of the liver with 

t — ^dings. Pitzgibbon and Silver,' in a series of 200 cases showing toxic 

Medical Department, Mount Sinai Hospital, Cleveland, 
for Publication. December 16. 1939. 
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su anilamide effects, noted one severe iionfatal ease of hepatitis. Fatal jA 
acute atrophy of the liver with necropsy findings, however, is stili sutSdir 
rare to warrant recording, this being only the second ease to he repoiled in Ih 
English literature. 

CASE REPORT 

J. B., a white male, aged 67 years, was admitted to the surgical service ol Jhr.l 
> inai Ho.spital on April 17, 1939, with the complaint of urinary frequency, hesitanfy, i:i 
nocturia of five years ’ duration. He had had a similar attach ten years previoss, h!, 
following a cystoseopic examination, he seemingly improved for a period lasting five yew. 
He had had pneumonia at the age of 12 years, and hay fever for the past foar or fee 
y ears. Physical examination revealed a few moist rales at both bases. His blood pteewe 
vas 180/90; examination of the abdomen gave negative findings; the prostate gland was hTfei- 
trophied, grade III. Laboratory data: phenolsulfonphthalein test was 70 per cent in te 
hours; blood chemistry was normal; Kline tests were negative; urine; albuniia two pte; sb: 
(negative); blood count; innumerable red blood cells; hemoglobin 90 per cent, wMte ll»l 
cells / ,500. As part of preoperative treatment the patient was given on April IS, 10 gnits d 
sulfanilamide three times a day for three days (total 100 grains) without any appvKl 
untoward symptoms. Suprapubic prostatectomy was performed on April 22 under fphd 

anesthesia. Pathologic diagnosis: chronic and subacute prostatitis with nodnlar gbndnht 

hypertrophy and considerable hyperplasia. The patient made a good recovery and wa-- dh 
charged on ifay 10. 

He was readmitted to the medical department on June 16, 1939. He stated tfiaf i- 
felt well after leaving the hospital until about June 2, when he was pven by hb afte»di4,' 
physician six 5-grain tablets of sulfanilamide daily for' ten days (total of 20 Go.) o- 
account of pyuria. Soon after starting the drug he began to have anorexia, nausea, wts 
ness, and began to pass “coffee-like” urine and light-colored stools. The patient h!a® 
the medicine for his symptoms and stated that as soon as the drug was discontinue 
sjunptoms subsided. Phy’sical examination on this admission showed a considerable^ 
of jaundice, an enlarged liver palpable two fingerbreadths below the costal 
the edge of the spleen was palpable. There was no ascites, and there were 


distended veins. The blood pressure was 136/84. Impression: toxic hepatitis p^ 
to sulfanilamide. (Dr. G., the family physician, reported that jaundice was i 


not prf-'«* 


on June 12, three days before admission.) Course: the jaundice increased 
was no urobilin or urobilinogen in the urine, and the stool was negative to ly r 
except on July 10 and 15, when it was slightly positive. The jaundice was of^ 


tive type, and it was our opinion, chiefly because of the enlarged spleen, 


On July ■“?•-= 


had a toxic hepatitis merging into a chronic state, due to sulfaniianiide. atierf 
of ascites, which progressively increased, were in evidence. On July W * {jPow;: 
released at his own request. Laboratory examination during this admission 
gastrointestinal series was negative; flat plate of the right upper quadran^ 
electrocardiogram : P-E intenml twenty-three seconds and slight slurrmg 
limb leads; urine: bilirubin was positive in all specimens; urobilinogen 
of white blood cells; no leucine or tyrosine; blood: mild normocytio sue 
75 to 76 per cent; white blood cells 5,700, red blood cells 3.S miliioU) 
between 90-67-115; van den Bergh test 19.2 units on June 17; cholestejo^ nri>ti’l''s 
50 to 30; chemistry: nonprotein nitrogen 30, creatine 1.5; total pa Jw' 

albumin 4.45; globulin 1.25; Kline test: diagnostic two plus, 

17 and June 19 (however, negative on first and on last admissions) ;^s jligV.lf 

negative “(eighteen examinations) except on July 10 and July lo,^ w _ ciA 
positive; ascitic fluid; no fixed tissue present; no cells. Pathologic r 
Treatment consisted of high carbohydrate diet supplemented by gluW g^jaictjon i’^' 
diet and some bile salts, and paracentesis when indicated. Weight on 
pounds; on discharge, 163 pounds. _ pcriR’»<‘"^‘'‘' 

The patient was admitted to another service for paracen e. 
on July 28. His diagnosis was cirrhosis of the liver. 
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The patient’s fourth admission to the hospital and his second admission to the 
aedieal service occurred on August 4. At that time jaundice was intense, and ascites had 
ncreased. The liver edge was not felt and percussion showed it to be smaller than on the 
irevious admission; the abdomen was distended with fluid. The course now was pro- 
(ressively and rapidly downward. On August 14 the patient began to get drowsy 
cholemia); this drowsiness gradually merged into coma and he died on August 22, 1939. 










Li'er. Low-power magnification. Extensive necrosis with replacement fibrosis. Be- 
ginning cirrhosis. ("Toxic cirrhosis.") 

''•5 uonprotein nitrogen was 34, icteric index was 120, cholesterol 180, esters 

proteins 4.C5, albumin 2.32 and globulin 2.33. In the urine bilirubin was 
positive (hyclrobilirubin, however, was negative on three exam- 
iemof-Jo} i tyrosine were negative. Blood count showed red blood cells 4 million, 

find clotti^ cent, white blood cells 3,000 to 12,000. Bleeding time was two minutes 

'^how^d^ four minutes. Kline test was negative. Abdominal fluid was tapped 

e abundant growth of 5(02>ftyfococctts aureus (contamination). The temperature 
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was normal throughout his hospital stay, except on. admission (301.5 on June IC), on .Is:.- ‘i 
(lOO.o), and for a week foHowiag operation. Final diagnosis was subacute .voliOT-atroAr.; 
the liver and eholemia. 

Permission for an autopsy was not obtained, but through a puncture wouaj v:; rr-j 
able to obtain ssTeral small segments of liver tissue which form the hasis oi ttepathv-'. 
report submitted by onr pathologists, Drs. B. S. Kline and A. M. Young, as Mte; 

Autopsy was limited. The liver is small, firm, and finely granular. On iiiitro.wf 
examination the liver ceils in many places show early degenerative changes nitli so"* d 
tire nuclei pyknofia and deeply blue stained, and others poorly stained or unsfaincd mil td 
outlines blurred. In tliese areas there is abundant granular greenish-.vcllow bi!e pipsr:! fe 
the cytoplasm of the liver cells and homogeneous bile iu the canaliculi. In oiiicr area- tb 
liver cells are necrotic (see Pig, 1) and iu many places they are absent, rdth apparent c"- 
densation of tlic stroma and bile ducts. Many of the small bile ducts are orerdistenie! h 
homogeneous masses of bile. There is considerable infiltration in the periportal ski* b 
tvaudering cells, with small round cells predominating (see Fig. 2). The normal loWit ' 
of the liver is destroyed, the intact liver tissue occurring in irregular stnail roasiiri 
characteristic of beginning cirrhosis. Anatomic diagnosis: e.vlensive necro.ds aad npli'v 
meat fibrosis, liver (“toxic hepatitis,’’ “subacute yellow atrophy,” and beginaiog cirrw!.’. 
‘ ‘ toxic cirrhosis ” ) . 


The patient apparently had a normal Kvev by the usual standards d 

ination, until he began to take sulfanilamide. No other drug was taken, anl 

there is no histoxy of previous contact with any hepatic irritants. He ingtjtt' 

6.6 Gm, of sulfanilamide over a period of three days, April 18 to April 22, 

again a second coui'se of 20 Gm. over a period of ten days, June 2 to Jiwt 

This was proxnptly followed by gastric upset, with nausea and vomiting. ^ 

about four days after the discontinuance of the drug he developed ^ 

enlarged liver and spleen, and later ascites. It is reasonable, 

to accept a causal relationship between the drug and tlxe hepatitis- ; 

presumptive evidence inaj’ be had in the patient's own statement tm 

disturbance promptly followed the taking of the tablets, and 

appeared upon discontinuance of them. This ease differs from 

cases of hepatitis reported by Bannick, Brown, and Foster m m 

lievecl that their patients might possibly have suffered from 

damage; it diffei’s also from Garvin’s^ fatal case, in which ai-l 

plicated by exfoliative dermatitis and anemia. There were no s 'i jf 

no appreciable anemia in our case, and, as stated hefme, n Ur-sl, iiif" 

previous liver damage. The Kline test was completely 

positive (diagnostic two plus, exclusion four plus), on 

or physical e-vam” 


of the ofe 


d lr.i 
tb 


negative, and there was nothing in the history 

support the suspicion of a syphilitic involvement. Because l^pe, v' 

patient ( 67 ) and the painless progressive jauxxdice of the o is jpjfcr. 

possibility of malignancy suggested itself. ^ Howevei-, e ah?- 

which was readily palpable on the first admission, made ^ (nernisi'i 
nosis in favor of hepatitis and cirrhosis, and finally of 

of the liver. This impression was supported by a defini c i • ^ 

amide ingestion, the absence of malignant cells from ® .jj^grruption !“ 
neo'ative peritoneoseopic examination as regards tumoi , 
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• le complete obstruction, as evidenced by the occasional finding of hydro- 
'■•'ilirubin in the stool and urobilinogen in the urine, plus the subsequent de- 

rease in size of the liver. 

• ' It is of interest to note that SaphirsteinV patient had an associated ex- 
‘.Dliative dermatitis, and so did three of Garvin’s^ series of five patients, and 

aat the only fatality was one of these patients. Our own patient was ap- 
_]arently free from all skin lesions during liis present illness; so was the one 
_ f Cline® and of Fitzgibbon and Silver/ 

This, then, is the second case of sulfanilamide hepatitis with post-mortem 
-.Tidings of the liver to be reported. AYitb the increasing use of this drug more 
- ases of hepatitis are to be expected. AVhether this injury is due to hyper- 
.rensitivity or to inherent toxicity, it is difficult to say. The case of Fitzgibbon 
nd SilveF suggests the former. After an interval of six weeks following 

• he last dose of sulfanilamide, their patient took 15 grains (1 Gm.) more of 
•* his drug and six dnj'S later developed severe hepatitis. Similarly, in our 
' ase there was an interval of about six weeks between the two courses of the 

iriig, and the appearance of jaundice occurred within four days after its 
liscontinuance. Also, in 7 of 32 patients of Bannick and associates^ the previ- 
r-'RS administration of sulfanilamide rendered further treatment with this 


•r.igent inadvisable. Recently, one of us (H. S. A.) had a similar experience with 
ailfapyridine. Repeating the drug after an interval of seven days brought on 
. inch severe gastric disturbance that it necessitated prompt discontinuance of 
-'he sulfapyridine, bringing prompt relief of the symptoms. Some of the 
.)atients may eventually overcome these toxic effects with the continuance of 
. /he drug, but it is a much safer procedure to discontinue it. 

On the other hand, Hageman and Blake’s^ researches failed to demon- 
, ^trate any prccipitins for sulfanilamide in the blood serum during and follow- 


^ ing the reaction, as have attempts to demonstrate sensitivity by the patch and 
^^mtradermal tests. Pas.sive sensitization in human beings and in gxiinea pigs 
also yielded negative results. Attempts to produce anaphylactic and 
skin hypei’Hensitivity in guinea pigs have likewise failed. The prevailing view 
' (Siher and ElliotV^ Gjirviii,® and others) at present is that the sensitization 
phenomena are similar to those which occur with arsphenamine, cinchophen, 

/and aminopyrine. 


There was a history of hay fever in our patient of about four to five 
Jeai.s duration. However, there was no opportunity for investigation of this 
■ angle, and no further enlightenment could be obtained from the family physi- 
' point. Its presence would have raised more than mere speculation 

a*? to the possiliility of an allergic basis for the hepatitis following the second 
j/'fonrse of sulfanilamide therapy. 

v' Apparcntl}' the dosage of sulfanilamide is not the only factor in its 
' reports a patient who had taken 290 grains (18.85 Gm.) of 

‘^ulamide orally at one time “with no more serious effects than a transient 
rcasc in the respiratory rate and a marked drowsiness, both of which symp- 
, oms ’svere entirely relieved within twenty-four hours by forced fluids and 
tfspiratory stimulants.” Cline’s p.atient' who died I'eeeived 45 Gm. of sulfanil- 
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amide and the one of Fitzgibbon and Silver^ 500 grains (33,3 Gir.) cJ 
sulfanilamide. Our patient received the smallest amount, a total of 2G.6 Go. 
of the drug. While there is an accepted general plan of dosage, each case is at 
individual problem as to how much sulfanilamide it should receive. LongV 
studies indicate the value of a concentration of 10 to 15 mg. of the driis per 
100 c.c. of blood in the fulminating cases, and from 5 to 10 rag. per 100 c.e. 
of the blood as a favorable concentration to obtain good results in the mill 
and moderate cases. 


SUMMARY 

We have presented a case of fatal hepatitis (subacute .yellow atrophy of tk 
liver) following the ingestion of 26.6 Gm. of sulfanilamide, and have present^ 
the post-mortem findings of sections of the liver. This experience confims 
the view of Garvin and others that sulfanilamide should be added to the list 
of agents which may cause severe damage to the liver, and further emphasuts 
the fact that it may eAmn piroAm fatal. The danger of the indiscriminate use oi 
sulfanilamide thus becomes obidous. 
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TRANSIENT POSITIVE SEROLOGIC TESTS FOR SYPHILIS* 


Robert A. Greene, Ph.D., and Edward L. Breazeale, B.S.A. 
Tucson, Ariz. 


T IS generally recognized that syphilitic sera, upon storage, may gradually 
. decrease in potency. As a general rule, these changes are fairly slow. It is 
omraon practice among smaller laboratories to hold positive sera for several 
recks lor use as controls in the performance of serologic tests. 

In connection with an exchange of sera rvith other laboratories, we fre- 
mently noted that some which gave positive reactions in one laboratory gave 
jegative reactions in others within a relatively short time interval. In other 
ascs, the potency of sera remained practically unchanged over a period of time, 
hnee the changes occurred eliiefly in weakly positive sera, we attributed these 
iatiges to a decrease in reagin content. In weakly positive sera variations in 
ensitivity of antigens would he most pronounced. 

The following event called our attention to the fact that changes may bo 
'ven more pronounced. A young Mexican girl had applied for admission to a 
.-lospital for tubercular children. A blood specimen gave positive Kline, Hinton, 
"incl Kahn reactions. A second specimen gave negative reactions. A third 
j-pocimen, which was divided, gave positive Kline, Hinton, and Kahn reactions in 
I his laboratorj', and negative Kahn and IVasscrmann reactions in another lab- 

■ iratory. The serum remaining from our tests was immediately referred to two 
-hher laboratories; one reported a negative Kahn reaction, the other negative 

■ line and Kahn reactions. The scrum was returned to us, and upon re- 
.-•taniination gave negative Kline, Kahn, and Hinton reactions. 

A fourth specimen gave negative reactions. A fifth specimen was exam- 
'■ned separately so as to eliminate any possibility of mixing with other specimens. 
® specimen gave a positive Hinton, and strongly positive Kahn and Kline 
s s. The negative and positive controls gav'o negative and positive reactions, 
■■espectively. The serum and the controls were referred to tw'o other laboratories ; 
ac reported a negative Kahn reaction, the other negative Kline and Kahn rc- 
®ath reported the negative control as negative and the positive con- 
as Positive. The serum, was returned to tliis laboratory and rc-examined. 
a serum gave negative Kline, Hinton, and Kahn reactions ; the negative and 
e controls gave negative and positive reactions, respectively. 

'•'™c elapsing between onr first and second examinations was less 
■nated same lots of Kline antigen emidsion and Hinton glyccr- 

Icn' "‘■cc® employed. The following day the serum was licated for 

'vater liath and re-examined. The Kline, Kahn, and 
’’c^ctions were negative. 

state IJaboratoiT, Tucson, 
roe publication. December 18 . 1339. 
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As a result of this experience ive decided to re-examine a number of sfrz 
on the day following examination. Our routine procedure has been to separa'f 
the sera, inactivate tliem for thirty minutes at 56° C. in an electrically conlrolld 
water bath, allow them to cool to room temperature, and then examine fa 
immediately. When sera had been stored in the icebox, they were reheafeifor 
ten minutes in a 56° C. water bath before examination. In cver^' case, ftt 
same lots of Hinton indicator and Kline antigen emulsion were used. 


RESULTS 

Several hundred sera have been examined in the manner just oiilliiiod. A 
large number of ■weakly’’ reacting sera xvere negative upon reelieck; asagemwl 
rule, strongly positive sera retained their potency over rather long periok oi 
time. To date, we have not encountered a serum which gave negative leaciwK 
on the first test and positive reactions upon rechcck. The results in Table I are 
representative of a large number of similar observations. 


SPECIMEN 

NUMBER 


1923G 

19245 

19254 

19641 

201S0 

20199 

20522 

20642 

21143 

23010 

25396 

25441 

26750 

27S90 

29000 


Table I 



EXAMINED IMMEDIATELY 

after INACTIVATION 

KLINE 

HINTON 

KAHN 

2 + 

— 

^ - 

3 + 



3 + 

^ - 


4 + 

+ 

4 + 

3 + 

4- 

4 + 

2 + 

■f 

2 + 

2 + 

+ 

2 + 

4-)- 

+ 

4 + 

2 + 

+ 

3 + 

2 + 

+ 

2 + 

2 + 

+ 

1 + 

3 + 

+ 

3 + 

4 + 

+ 

4 + 

2 + 

4 + 

+ 

2 + 

4 + 


DISCUSSION 


Although most of the sera which rapidly dropped in titei gav 

.«^r» + TT11 


, weakly posiii'f 


”7 j (jjve iie’l' 

reactions, a much larger number of weakly reacting sera continued^ of strondl 
reactions ovmr a period of time. On the other hand, the j^jopfoblcw. 

) 30 sitive reactions, wliieh become negative within a few hours, n’' 

At first, we felt that this might he a method of eliminating 
actions. During this study we have found, however, that m so 
from known syphilitics might cliange from positive 1° liith 

sera from individuals who were proved to he nonsyphihbe noc 
potency ; in other cases, the situation might be reversed. |,jv 

The simplest explanation would be that of poor ^ very 

oratory tests. However, our branch laboratory at ’ ^gpoi-afor}’ 

factory record in the 1939 Evaluation Stud.v, Tucson ' 

over a long period has shown that the tests performed m 
fall well -within recommended limits of sensitivity and spec 
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- The possibility of daily variation in sensitivitj' of tlic tests does not seem 
'■0 be an adequate explanation. The Siimc suspensions of Kline antigen emulsion 
r.nd Hinton glycerinatcd indicator used in the fir.st test were emploj’ed in sub- 
..cquent examinations of the same serum. In a single series many specimens 
•.vhich gave weakly or strongly positive reactions on the first test, gave identical 
■ -eactions upon re-examination at a later date. In no case did a negative scrum 
• tive a positive reaction upon recheek. 

SUMMARY 

It was found that certain sera which gave positive Kline, Hinton, and Kahn 
, ;csts, gave negative reactions when re-examined in a relatively short period 
.. if time. 


'AN EVALUATION OF THE COMBINED EFFECTS OF SULPAPYRIDINB 
AND THE BARBITURATES IN THE TREATMENT OF PNEUMONIA* 


WiLUAM L. JI. King, M.D., and Herman J. JIoERscn, M.D. 
Rochester, Minn. 


D^CAUSE of a report by Adriani* of New York in July, 1939, to the effect that 
rats placed under treatment with sulfanilamide were thereby rendered highly 
susceptible to the action of the barbiturates, we undertook this study. Adriani 
demonstrated that in rats so treated and then administered the sodium salts 
of “lethyl-butyl-ethyl-thiobarbituric acid (pcntothal), isoamyl-ethyl-thiobur- 
uturate (thio-ethamyl), N-mcthyl-cyclo-hexeuyl-uicthyl-barbituric acid (evi- 
Pal), isoamyl-ethyl-barbiturie acid (amytal), or methyl-butyl-ethyl-barbiturie 
(nembutal), subanesthetic doses of these agents became anesthetic, and anes- 
■otic doses of the same agents usually became lethal. The various anesthetic in- 
3 ants, such as ether and cyclopropane, on the other hand, did not have this 
0 ect on the sulfanilamide-treated rats, nor did tribrom-cthanol. The dose of 
su anilamide given the rats was from 0.5 to 1.0 mg. per gram of body weight 
for three days. Adriani concluded liis report bj' suggesting that tlie eom- 
u ion of sulfanilamide and barbiturates may be unwise in human therapy, 
e have reviewed 18 cases of primary pneumonia to determine whether the 
ury use of barbiturates as sedatives in conjunction witli sulfapyridine had 
need any recognizable deleterious eifects. In one case the clinical diagnosis 
and the Neufcld reaction was positive, hut the results of two 
a ocnologic examinations of the thorax were negative. This ease was included 
ause both sulfapyridine and pentobarbital sodium had been used during treat- 
of tlie patient. 

arsu/ presented in Table I the respective total doses of sulfap^i'idine 
the amide and the particular barbiturate used in each case, together with 
• — s age, the result of tj'ping his sputum, and a short comment on the 

Rwelved'f Clinic, Rocheater. 

tor Dubllcatlon. pecember 26, 1939. 
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;;ourse of his illness and the complications, if any. It tvill be seen that the most 
i-irequently used barbiturate n-as pentobarbital sodium and that the dose of sulfa- 
Joyridine in the adult patients averaged approximately 330 grains (21.4 Gm.). 
Iifhe ages of the patients ranged from 3 montlis to 92 years. The Neufeld reaction 
iivas positive for a specific type of pneumoeocens in 7 of tlie 18 eases. In a careful 
•analysis of the hospital I’ccords, ave tvere unable to find any suggestion that an 
: untoward reaction that miglit be attributed to a combined effect of the two types 
of drugs had occurred in any of the eases, save one. Tliis was true irrespective of 
■: the age of the patient, tlie type of pneumonia from wliieli lie was suffering, or the 
■^presence of complicating factors, such as pleural effusion or parotitis. 

The one exception involved was a woman aged 27 years, who was in lier 
"seventh month of pregnancy and who had a lobar type of pneumonia involving 
the left lower lobe caused by pneumococcus type XII. The day after her admis- 
-^ion to the hospital, her temperature decreased from 103.6° P. (39.8°C.) to 
normal, but on the third day she began to go into labor. Six grains (0.4 Gm.) 
-•of sodium amytal and Vl-oo grain (0.00032 Gm.) of hyoseinc were administered 
and she went into a deep sleep from which she could not be roused for eighteen 
.-hours. The total dosage of sulfapyridine administered up to that time was 225 
grains (approximately 14.6 Gm.). The onset of labor was delayed thirteen days. 

SUiMSIABY AND CONCLUSIONS 

^ ^Vc have studied 18 cases in wiiieli primary lobar pneumonia or broncho- 
pneumonia has been treated with sulfapyridine or sulfanilamide and in which 
^the patient was given one or more of the harhiturates in sedative doses. No unto- 
ward effects wore observed, except in one instance in which prolonged stupor of 
patient followed tlie administration of 6 grains (0.4 Gm.) of sodium amytal 
ollowing a previous dosage of 225 grains (approximately 14,6 Gm.) of sulfa- 
^Bridine. That this reaction was the result of the combined effect of the two 
^ nigs can he postulated, but tiie postulation would be difficult to prove. 

muy 'ic concluded, therefore, that the barbiturates in ordinary sedative 
scs may be used with apparent immunity for patients receiving sulfapyridine 
w sulfanilamide. 
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CLEARANCE TESTS IN RELATION TO EENAL PATHOLOGY* 


Esther M . C4reisheimer, Roberta Hafkesbring, axd Hulda Magawbe 

Philadelphia, Pa. 


jP'OR some time we have been studying the effects of vavioas anesMfe ra 
tadney function. In tiiis report the results of 275 urea clearance tests awi 
106 creatinine clearance tests on 10 dogs are presented. The following rancf 
of control values of urea clearance per square meter per minute has been nouh 
Orth/ 34.9 c.e.; Rhoads,^ 49.8; and Ralli,® 99,5. Because of this great varistfe 
aiid the inconstant results in some of our dogs under anesthesia, it seemed a! 
visable to do autopsies at the end of our study. We are deeply indebtctl to Pro- 
fessor Helen Ingleby and her staff for autopsy reports on 7 of our dogs. Al- 
though complete autopsies were performed, only the kidney findings will b' 
included in this paper. 


On each experimental day, body weight, blood pressure (Allen*), respira- 
tory rate, heart rate, rectal temperature, erythrocyte and leucocyte connis, and 
hemoglobin (Newcomer method) were determined. The average control valso 
for each dog are shown in Table I. Urea clearances were done by the Wrt Shh 
liypobromite® method; creatinine clearances were done by the Holtcn joi 
Rehberg® metiiod. Adult female dogs, in reasonably good health and wd) 
trained, were used, Tlrey were allowed to lie comfortably between catkten'Z'-' 
tions on. the laboratory floor on blankets. Tests were done eighteen to 
one hours after the last meal, and no more tlian two tests were done ononete 
in one week. The dogs rvere permitted to exercise daily on the roof. Some ci 
the dogs were studied for as long as sixteen months before coming to aiiiopJ.'- 
Some of the dogs were fed Red Heart C, some Victory Dog Food, and 
remainder Cero-Meato. Three dogs were studied for several months on 
of the diets in turn, and no significant changes hr urea clearance wero 
We noticed that all the dogs gained w-eight on Cero-Meato; the pathologist^® 
that the dogs which had been fed Cero-Meato seemed to be in 
condition at the time of autopsy tlrair the dogs rvhich had been fed ei’t lO*" 
other diets. 


In cacn i 


A brief report of the results of eacli anesthetic will be given. 
thetic period surgical anesthesia was maintained for one hour. The 
tests on the day after tire arrestiresia were compared witli those beforo a 
those one, two, and more weeks after. 


L-jrs5>'»- 


♦From the Department oC Physiology, Woman’s Medical CoHege of Fenn^n 
delpnia. yi 

This study was made possible by grants from the Penrose Fu?'' ff pwrniiT 
sophical Society and the Committee on Therapeutic Besearcli, Council 
Chemistry, American Medical Association. 
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Table I 


1. Number of tests 0. Heart rate 

2. Diet 7. Blood urea nitro- 

Rectal temperature gen 

1. Respiratory rate 8. Blood creatinine 
5. Blood pressure 9. Urea clearance 


10. Bange — urea 
clearance 

11. Creatinine 
clearance 

12. Hemoglobin (Gnu) 


13. R.B.C. count 
(millions) 

14. W.B.C. count 
(thousands) 


AVER.XGE OF COKTHOL VALUES DURING STANDARDIZATION’ 


pon 

R 

N 

\v 

c 

D 

K 

L 

Al 

p 

B 

• I 

i 

4 

12 

5 


5 

4 

0 

4 

8 

2 

Red 

Red 

Reel 

Victory 

Victory 

Cero- 

Cero- 

Cero- 

Victory 

Cero- 


Heart 

Heart 

Heart 



Meato 

Meato 

Meato 


Meato 


C 

C 

C 








3 

100.4 

100.8 

101.7 

100.7 

100.9 

100.7 

102.2 

100.4 

101.4 

101.4 

4 

17 

24 

4o 

25 

28 

20 

18 

17 

26 

18 

- 5 

162/72 

220/111 

1G4/83 

lGO/60 

168/G9 

107/00 

101/56 

107/60 

157/07 

166/60 

fi 

13fi* 

llfi* 

114* 

86 

82 

89 

96 

85 

83 

95 

7 

12.0 

17.2 

12.3 

11.2 

11.7 

14.0 

12.0 

14.4 

9.3 

11.9 

8 

— 

— 

— 

— 

— 

9.04 

8.09 

10.35 

— 

— 

9 

56.2 

54.9 

55.0 

61.0 

40.5 

04.3 

71.3 

59.5 

59 9 

64.5 

10 

52.9- 

52.0- 

47.5- 

53.8- 

32.8- 

54.2- 

51.1- 

55.3- 

50.8- 

35.7- 


57.8 

58.8 

69.9 

67.4 

44.8 

88.0 

110.9 

68.5 

04.4 

132.3 

11 


— 

— 

— 

— 

75.8 

74.3 

77.1 

— 

— 

12 

11.57 

13.41 

12.21 

10.92 

11.88 

10.60 

11.12 

11.10 

10.34 

11.00 

13 

5.75 

6.63 

6.62 

6.07 

7.41 

7.28 

7.38 

7.82 

5.46 

6.35 

14 

5.4 

8.0 

10.0 

121 

0.8 

17.0 

10.2 

14.6 

9,2 

12.0 


•The heart rate was determined from the electiocaidiogram instead of by stethoscope. 


(a) Cyclopropane* (Diet — Red Heart C) 

' 1. Dog R. During eight montlis cyclopropane 'vas administered ten times, 

.-and the dog seemed in excellent health throughout. Tlie most significant finding 
- "'as the increase of about 40 per cent in tlie urea clearance on the day after the 
(anesthesia; this was noted each time cyclopropane was administered. The aver- 
;age control value was 56.2 e.c. per square meter per minute, as sliown in Table 
. i, and the average value for the day after anesthesia was 79.5; this finding does 
act agree with that of Orth.’ Tlie ui’ea clearance returned to the control value 
"ithhi one week after the anesthesia. 

After 42 clearance tests and ten administrations of cyclopropane this dog 
' "as brought to autopsy by a lethal dose of the same anesthetic. The kidneys 
' slioKcd congestion only; consequently, we feel that these results are typical of 
cyclopropane. 

2. Dog N. It may he noted in Table I that this dog showed a higher blood 
' ’’itfogen than any of the others, and it was the only one with hypertension. 

Slowed a rather fixed tirca clearance in the 11 tests performed. Cyclopropane 
■’ administered only three times, since the dog died just at tlie end of the 
' .. '*“ period. The control value for urea clearance was 54.9; after the anesthesia 
h was 54.3. 

, At autopsy the kidneys showed capillary engorgement of the glomeruli and 
' ani of the tubules. This pathology, together with the hypertension 

, agher blood urea nitrogen, probably was a determining factor in the 
"sell clearance. 

^ control^''” ^ Thirteen clearance tests were done on tliis dog. The average 
2. 'alue was 55.5; after one administration of cyclopropane it increased 

-I '“sininKm^ft.^cwiiy Inaeniea to the Foregrger Company for the generous loan of the Foregger 
• ‘"c'c MoOel No. 4, for administration 


of cjxlopropane. 
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to 66.7, or about 20 per cent. Since this dog was not able to be trained to oar 
satisfaction, it was returned to the kennels. 

(b) Pentobarbital sodium (Abbott) (Diet— Victory Dog Pood) 

Twenty-tw'o anesthetic periods -were studied on Dogs C, D, and F. The fol- 
lowing results w'ere found for urea clearance' : 


DOG CONTROL AFTER ASESTHESl.V 
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1. Dog C was brought to autopsy after having had 52 urea clearance and 
20 creatinine clearance tests. The glomeruli of the left kidnej' showed a thicken- 
ing of the basement membranes of the capillaries, Bowman’s capsules, and 
afferent arterioles. Many of these arterioles ■were dilated and the "walls thickened 
: ^where they entered the glomerular tuft. The basement membrane of the 
tubules was slightly thickened. There w'cre thin-walled spaces lined by endo- 
_thelium and containing blood scattered tlirougliout the kidney substance and 
^jpclvis. 

I The right Iddney showed intense congestion and hemorrhage. There was a 
(triangular area infiltrated -witli mononuclear cells beneatli tlie capsule. This 
area ■was partly fibrosed. The afferent arterioles and basement membranes were 
-'less affected than in the left Iddney, but inflammatory lesions were more promi- 
-uient. The diagnosis was interstitial nephritis and nephrosclerosis. 

This dog showed relatively high clearances in spite of the renal pathologj', 
but the variations after anesthesia were less marked than in some of the other 
'dogs. 


2. Dog D was brought to autopsy after 54 urea clearance and 27 creatinine 
-'Clearance tests. The only report on the kidneys recorded by the pathologist -was 
:• that the glomeruli were intensely congested and tliere was slight cloudy sw’elling 
of the tubules. 


^ 3. Dog K was brought to autopsy after 19 urea clearance and 18 creatinine 

> clearance tests. The blood vessels in the interstitial tissue and some glomeruli 
. were congested. There was a slight thickening of the basement membrane of 
^ the capillaries of the glomeruli and also a thickening and dilatation of some 
of the afferent arterioles. Many Bowman’s capsules were thickened, and in some 
r;i areas the capsules were enormously distended with granular material. These 
.i glomeruli resembled those seen in lipoid nephrosis in human kidneys. Cloudy 
r"" of the convoluted tubules -was noted. 

This dog had a high white blood cell count, as shown in Table I, and gave 
irregular clearance tests, as might be expected in view of the renal 
pathology. 


' 4. Dog L -was brought to autopsy after 7 urea clearance and 7 creatinine 

' ^ tests. The kidneys were intensely congested. The glomerular capil- 

'■ enormously distended, with an occasional hemorrhage into the 

capsule. The appearance of some of the •glomeruli suggested a hemorrhagic 
cp ntis. The clearances were irregular in this dog. 


(e) Sodium barbital (Diet — Cero-Meato) 


/ Tt ^ were used, and only four periods of anesthesia "were observed. 

/ A he following results were found: 


=== 






— _ 

DOG 

UREA 

CONTROL 

CLEARANCE 

AFTER ANESTHESIA 

CREATININE CLEARANCE 

CONTROL AFTER ANESTHESIA 


M" 

F 

59.5 

60.G 

61.8 

46.5 

77.1 53.1 

58.8 85.5 


‘ I 'vas u i^Gsults were veiy irregular. Dog IM, after 10 clearance tests, 

other purposes and did not come to autopsy. 
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Dog F had been used for 59 urea clearance and 24 creatinine clearantetea 
before coming to autopsy. The kidneys showed congestion. In many "tefu; 
there was extreme dilatation of the afferent arterioles and tlic capillani 
Hemorrhage was evident in some of Bowman’s capsules. 

Dog B was used only for 8 control urea clearance tests. Since fiie 
was from 35,7 to 132.3, it was used for other purposes and was notlironcUl 
autopsy. 

SUMMARY AND CONCLUSIONS 


1. Tlie urea clearance inci'eased as much as 40 per cent on the day folk- 
ing the administration of cyclopropane and returned to normal witlun a ud. 
in a dog with no renal pathology’. In a dog with hypertension, high hlood arc 
nitrogen, and some I'enal pathology, a fixed urea clearance was found. 

2. The administration of pentobarbital sodium (Abbott) failed to prody 
greater changes in the urea clearance than were found in the normal range o 
two of the dogs. 

3. The administration of ether (drop method) after a sedative dose of I'tnV 
iiarbital sodium was follow’ed by a marked increase in the urea clearance in hv 
dogs and a x’ery slight increase in a third dog. 


4. The administration of sodium araytal was followed by an increase c 
the uvea clearance in one dog with little renal pathology; the 
constant in three dogs with considerable renal pathology'. The 

ance increased in every' case; there was great variation in the amount o m 

5, Tlie administration of sodium bai’bital was followed by a 

the urea clearauce and an increase in the creatinine clearance in one Os 


some renal pathology. ^ ^ 

6. High leucocyte counts, elevation of rectal temperature, an lena 

ogy seem to be associated with inconstant urea clearance. doldnns’ 

7. The inconstancy of urea clearance results has been noted bj ^ 

Holman,^® and Van Sly'ke.^^ "We consider it worth while to to oi'*’ 
clearance tests on one animal b.v autopsy. pcdine® 

S. It is possible that sedation with barbiturates on the jr.! s 

clearance test may' influence the results. An elevation of tempe 
high leucocyte count may' likewise affect the results. 
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INCIDENCE OP BACTERIEMIA IN PATIENTS 'WITH 
DENTAL DISEASE'* 


Maynard Murray, JI.D., and Frank JIoosnick, B.S. 
Cincinnati, Ohio 


pKOM clinical oliservatioii one is aware of the fact that baeteriemia must 
occur frequentl)’ without peripheral manifestations of sufficient grade to say 
he patient is "diseased.” Proof may be seen in the fact that traumatized 
issues in which abrasion of tlie skin was aksent are frequently infected. Thus 

■ lematomas that come up infected or tlie o.stcomyelitides tliat follow slight trauma 
, "ay be taken as good evidence tliat a baeteriemia existed and tiiat an infecting 

Jrganism reached the point of infection througli the iilood .stream. As promul- 
jated by Eosenow' and Fiaclier,* tlie teetli act as clironic foci, are a common 
iource of invasion of tlie blood stream, and liciiec are responsible for the diseased 

■ processes that occur in distant lying tissues. 

If the view of these autliors is correct, one sliould expect to lie able to un- 
tover the existence of bacteriemias in patienf.s affected witli chronic dental 
isease. Okell and Elliot^ found a transitory baeteriemia in from 60 to 70 per 
cent of their patients after tlie extraction of teeth under general anesthesia; 
•urket and Burn,' in 17 per cent of their patients when local anesthesia only 
"as employed. The latter explained their low incidence by saying that the 
' ^’''"'"renin employed acted as a vasoconstrictor to render the vessels less 
permeable to the entrance of mieroorganisiiis. 

To learn how frequently baeteriemia occurs in dentally affected patients 
"at subjected to operation, the folloiving experiment was iierformed : Three 
,■ " red and thirty-six patients with varying degrees of dental caries and 

■ Pjorrhea were asked to ehew a 1 inch culic of high melting point paraffin. 

V ; a" chewing this for one-half hour, blood cultures were taken from tlie femoral 
: scrubbed witli tincture of green soap and water, followed 

. • We and alcohol, and then the application of tincture of mertliiolate. Cul- 

dr'^'^* ureas so treated Avere routinely negative.) The blood witb- 

,1 ^"^from the arterj- was mixed with brain broth containing one-half of 1 
it "'"'t e^?mnW® Laboratory ot Physiology, University of Cincinnati and Longvictv State Hos- 
Received for publication, December 28. 1939. 
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per cent peptone, and allowed to stand for six days at 3T“ C. Tkitsi'!: 
snbcnitnres were prepared in heart infusion agar. 

These blood cultures piwed positive immediately after chewing in lx 
or 55 per cent, of the patients studied. Follow-up blood colhu'cs were nottslr 
to determine how long such a bacteriemia might persist. 

The organisms found were a small diplococeus in St per cent of tlwpfe: 
cultures and a slowly growing Staphylococcus albus in the remaining 16 per cal 
One patient displayed both organisms. Subelassifieation was not compleld. 

suxrsi.ARY 

Of 336 patients with dental disease, 185 gave positive arterial blood cullarii 
after they had chewed paraffin for one-half hour. 
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THE HISTA3IINE TREATMENT OP ALLERGIC DISEASES' 


I. Asthma akd Vasojiotor Rhinitis 


Laurence Parmer, M.D., New York, N. A- 


N UAIBROUS observations have led to the assumption that ^ 
experimental anaphylaxis and of clinical allergj' are cause 
or a histamine-like substance. Dale’s^ theory of ^ell livh- 

the combining of antigen and antibody in sensitized tissues ^ ea 
and the liberation of preformed histamine or of a histamma i 
Lewis and his collaborators Grant and Hare”- ’ expanded this jjdi- 

the ‘ ‘ anaphjdactic ’ ’ skin reactions in allergic human beings- ^ n t-_r 

viduals heat, cold, or mechanical irritation, in degre^ from the 
normal persons, causes cell lesion and the liberation of 
(Duke, Bray, Horton^). The clinical manifestaLons of^t 
allergies are usually the same as those in the “atopic’ allero'c®- 

Puehner^ was the first to show that it is po.ssible to in n ^ jjprF!’-! 
to histamine in normal animals. This phenomenon was o diaf 

man beings liy Lewis and Grant.® Hare showed m poi-'on-" 

histamine stimnlns rendei's the skin refractory to tiic anap U 

•From the AUerg>' Clinic. Lenox Hill Hospital. New Work. 
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.‘f Nonspecific “ desensitization -with histamine ^Yas achieved by Farmer,' 
'ho was able to induce diminished sensitiveness to senim in serum-sensitized 
■iiinea pigs through oral and parenteral application of histamine. 

: The theoretical and practical implications of these observations for the 
• nderstanding and treatment of allergic diseases are obvious. The histamine 
\ heory would explain w’hy the symptoms of allergic conditions are independent 

- -f the nature of the causative allergen, and dependent onlj’ on the reaction of 
. he shock organs. The possibility of achieving refractoriness to histamine would 

educe the treatment of allergic diseases to a common denominator and thereby 
flake for much simplification. It would, furthermore, be very useful in all 
_.hose cases of multiple sensitiveness in which several allergens would have to be 
ised for specific desensitization, and also in those cases in which the causative 
lUergen or allergens could not be discovered. 

Histamine was first used in the treatment of an allergic condition by 
^^lamirez and St. George® in 1924. These authors had observed a group of pa- 
rents with what they termed “endogenous” asthma. The patients who did not 
,^'^as a rule react to the various proteins tested” but gave “an exceptionally 
strong reaction -with solutions of histamine,” were suffering, according to 
"Ramirez and St. George, from “histamine sensitivity.” Ten patients were 
.created with subcutaneous injections of histamine in doses ranging from 30 to 
iSO gamma; very good results were achieved in two patients. 

The cases of Eamirez and St. George fit neither into the category of “atopic” 
aor into “physical” allergy. Recently Horton® has described a syndrome, 

- which he calls “erythromelalgia of the head” (vascular headache), and which 
he attributes to histamine. Relief of the symptoms in these cases was also 
achieved hy histamine injections. It is possible that the cases of Horton belong 
to the same category as those of Ramirez and St. George. 

^ ^ In 1927 Friedlaender and Potow*® reported that they had used histamine 
^ jn the treatment of migraine of various origins. Ernestene and Banks, 
3Jdos, ^ and Joltrain^® treated urticaria with histamine; and CoUens and his 
_.,.co aborators'^ ^sed it successfully in a diabetic person who had developed in- 
..sulin sensitivity. 


' fi reports on the use of histamine in bronchial asthma are few and far 
*' Stahl and Hasson*^ in Strasbourg, and two years later Piquet,^® 
s pupil, treated asthmatic attacks by applying histamine to skin scari- 
- ea ions. In 1935 Thiberge" in this country, and Dszinich^® in Hungary re- 
treatment of asthma Avith injections of histamine. Thiberge used 
histamine: 0.5 c.c. of a 1:1,000 solution per injection. Dszinich 
an amounts, his initial doses in severe cases being 0.01 gamma, 

Aac gamma (0.00001 mg. and 0.0001 mg., respectively). 

few stated that he had applied histamine by iontophoresis in a 
,>■ asthma. OpenehoAvski^® mentioned having used histamine in asthma 

wp ° conditions, but he does not giA'e any details. AH these authors 

ympressed by the results they achiev'ed. 

' tiieor ■ i^hese faA'orable clinical report.s and of tlie afore-niontioned 

oretical considerations, we felt that the use of histamine in allergic diseases 
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Vie have treated with histamine 54 patients suffering from astlima, vaso- 
. motor rhinitis, or l)oth, whose symptoms were in mast instances due to allergens 

■ other than pollens. (We intend reporting on the pollen-sensitive patients in 
another paper.) Table I contains data on onl^' 23 of the 54 patients. These 

, patients were observed sufficiently long to allow conclusive evaluation of the 
. effectiveness of histamine treatment. 

All patients received physical and x-raj' examinations, a routine urine 
: aamination, and a complete blood count; skin tests were carried out with the 
most important foodstuffs and inhalants. In almost all cas&s the patient was also 
examined otolarjTigologieally. As shown in Tal>le I, the majoritv of the pa^ 
' tients gave positive skin reactions to one or more allergens. These allergens 
were eliminated if possible, and the patient received histamine if the elimination 
; did not lead to the desired therapeutic result. 

CASE REPORTS 

The following three case histories, which we present in detail, are illustrative 
' of successfully treated patients : 

^ _ CiSE 3.— F. L, 13 a 3G-year-old baker who has been suffering from severe vasomotor 
' fhmtij for three years. His attacks of paroxysmal sneezing and profuse watery nasal 
come on only in the bakosUop and only when working with uheat flour. They com- 
Bfni'e after he has been in the bakoshop for one to two liours, and last for many liours. 
pCKonal and familial histories are not contributory. Two years before lie visited us ho 
a tomillectomy; one and onedialf year before, a resection of nasal septum with some 
*■ ioproremeat. X-ray of tlie chest and blood count were normal. Intradormal skin test with 
t' rtoat extract iras strongly positive. Histamine treatment was started with 0.1 gamma on 
II "^0 improvement was noted after the eleventh injection, 3.0 gamma, on 

arch 21. Improvement continued and the patient was able to work during April, May, and 
' without any symptoms of rhinitis. He was receiving injections of hi.stamine during this 
The Ian injection of 40 gamma was given on July (5. The patient came back to the 
“b 1038. He had been working during the summer and had had only m- 
>' rvjuent, \ery mild symptoms. During the week prior to his readmission he had been sneezing 
* til ' He Was given -four injections of histamine, and then did not return to the 

"*^‘5 again feeling better. On July 28, 1939, he reported that he had been steadily 
, 'Dg With nheat flour since Nov. 1, 1938, and that he had had no symptoms of rhinitis. 

^ 'J’-year-old hoy, has been suffering from rhinitis for three ycar.s and 
> *^43 a half years. His first attack of astlima occurred two 

^°wsillectoiny and adenoidectoray. The attacks come during the day and night, 

■ ^"^idence. His mother has had eczema for eight years. Physical examina- 

®^amination of the chest revealed slightly empl^ematous lungs; dif- 
'' 7 per cent eosinophiles; skin tests: house dust -h-l-, feathers + + +, 

''' of feathers from the child’s environment brought no relief of 

;>'■ .j., ^ daw. 20, 1939, he was given his first injection of histamine, a 0.01 gamma 

W'l » ^ “^krgic symptoms became milder soon after the beginning of treatment. Cough- 
cf persisted longer than the asthmatic attacks. In April tlie patient had an 
' " for three days. At that time lie was given 15 injections of 

Y' s/ifir. Till 1 gamma). There was very marked improvement by the end 

B ^’^j^ction (twenty-eighth), 4.0 gamma, was given on July 17, 1939. The 
^hergic synjptonjg at that time. 

r 0 '* 50-year-old woman, has had severe asthma for thirty years. Several 

desenaitization have aggravated her condition considerablj*. The last 
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tieatinent (injections of liouse dust and feather extracts) had been given eight years prior 
to her admission to tire clinic, Tire patient’s condition liad been steadily becoming rvorrc 
and she was giving herself injections of adrenalin two to three times daily. The physical 
examination was negative with the exception of wheezing breath sounds. The blood conn! 
was normal. Skin tests were negative. Urethane^ 2 to 4 Gm. daily, was giver; 
sj^mptomatically, 2 i with marked benelieial effect. The first injection of histamine (0.01 
gamma) was given on Jan. 9, 1939. Under histamine treatment the patient’s condition 
improved gradually'. The attacks became less frequent and less severe. The patient w 
able to decrease the amount of adrenalin needed to stop the attacks. She had asthmatic 
attacks through January, but no attacks in February'. By the beginning of March she 
had received 14 injections of histamine, the maximum dose at that time rvas 0.8 gamms. 
She had a moderately severe attack on March 3. There was occasional shortness of breath 
during March, but no real attacks of asthma. The patient from then on improved rapidly. 
Since she was planning to leave the city' in June, the injections were given at tivelve day 
intervals during April, and at weekly' intervals during May'. She had no attacks during 
this time. The last injection (twenty-fifth), 3.0 gamma, was given on June 2. On August 
17 she reported slight shortness of breath on two occasions since she was last seen. Her 
condition was very good and she needed no medication. 


COMMENT 

Our results with histamine treatment have been very encouraging, as- 
peeially in a numlier of eases of asthma of long standing. One of the mam 
problems still confronting us is the question of dosage. We feel that the 
earlier workers in this field were using too large amounts of histamine and that 
the dosage suggested by Dzsinieh, which we used, is more appropriate. 

We believe that some of our therapeutic observations, as for instance in the 
case of the wheat-sensitive baker, are a further proof of the correctness of t ic 
histamine theory of allergic conditions. 

SXBLMARY 

1. The work of Dale and Lewis has laid the foundation for the 
the symptoms of experimental anaphylaxis and of clinical allergy aie uc 
liberation of histamine or of a histamine-like substance in sensitii e tissues 

2. Various authors have shorni tliat it is possible to induce lefiac 

to histamine in human beings and in laboratory animals. pigs 

been demonstrated that it is possible to “desensitize” sensitized gm 
nonspecifically by injections of liistamine. ^ 

3. Tliese observations form the theoretical basis for the tieatmen 

diseases with histamine. _ 

4. The technique of histamine treatment of asthma an .esults I'*'"*’ 

is described, and the results of this treatment are discns.sed. m ^ 

been very encouraging in a considerable number of instances an v* 
investigation. 
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’■'''ISIIGATIOXS ON THE RETICULO-ENDOTIIELUL FUNCTION OF 
CANCER PATIENTS 


Kukt Stern-, JI.D.,* New York, N. Y. 


'T'ilE 

■ ' feti T""* ■'UR'eious experimental studies,* dealing with tlie role of the 
"arch CRRecr pathology, suggested to several re- 

-■ nichl clinical application. 


«:hi 

'hethi 


of value in two wavs; 


Such investigations 

,fj. - - MU.,.,, yielding an answer to the questions (a) 

is ^ and regular involvement of tlie reticulo-endothelial 

'Valuation ^Uiman neoplasia, and (b) if of a positive nature, this 

jV ^'atniost' ^ *'*^^*CTilo-ondothelial function of cancer patients can he utilized 
Tapers Prognostic purposes. 

problem have been published by Krat-schell,^ Barbcra,^ 
^ i-'finu" phroeder.5 All tliese authors stated on the basis of their work 
linage of the reticulo-endothelial function could be found in 

Research Fellow of the New York Citv Cancer Hospital 
I,. ipraduale Student Obsen'cr of the New York Unlver.slty Jledical 

‘•‘’-'Kf] I 


'»* rubllcatlon. 


February* 3, 1910. 
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a high percentage of the tested cancer patients. The method generally usrf 
in these studies was the Congo red test proposed by Adler and Reimaiin.''' This 
test is based on the fact that Congo red, a colloidal dye, is stored after intra- 
venous injection by the retieulo-endothelial cells. If, therefore, blood samples 
are withdrawn shortly after the intravenous injection and later after an inter- 
val of time, the concentration of the dye in the blood is found decreased in the 
second sample, thus permitting an estimate of the per cent of the dye which has 
been intercepted by the retieulo-endotlielial system. The I’atio between the dye 
concentrations in the two samples depends on the storing activity of the reticulo- 
endothelial system and is termed the Congo red index. 

It must be admitted that objections have been raised against the nsefnl- 
ness of the Congo red test for an evaluation of the retieulo-endothelial function. 
But, on the other hand, animal experiments”'” definitely showed the direct con- 
nection of the functional activity of the retieulo-endothelial system and t le 
Congo red test. Certainly the colloid-storing ability of this system is on 3 one 
of its many functions, and it wmuld be of great interest to include these ni 
clinical examination. But as these immunobiologic, metabolic, hoimona un 
tions of complex character have not as yet been developed as generally 
functional tests, the present available methods must be utilized. ^ 
red, other colloids have been proposed for testing the storing capa 1 J J 
retieulo-endothelial system, but none of these methods appear to e sup 


the Congo red test in simplicity and efficiency. 

In previous investigations, in collaboration with WilUieim, ^ v e aj P 
Congo red test to rabbits and worked out a modified ^ lO 

only small amounts of blood (0.4 c.c. for the single sample, lu 
to 20 c.c. of blood necessary in the original method), and ( ) Later 

exact colorimetry by transforming the Congo red into the aci , 
we published a similar modification” which is app hcable peen 

serves to the same advantage. The usefulness of these mo ’ ,5 for 

confirmed by other authors wlio have used them in animal exp 


clinical purposes.^® _ „ - 1 p,ulotUelial 

Because the original studies of the association 0 retieu ° 

tion with cancer were carried out on a (lis- 

in about 50 patients for eacl. c,-tperin,cnt-and ^ 

Lbing to the patient, we were induced to 

to apply this functional test of the retieulo-endothelial sy , 

of cancer patients. k based on the 

il/ef/md.— The original test, as well as our ’™difica , 
principle: 10 e.c. of 1 per cent watery Congo 
intravenously, four and sixty minutes, ^ red conccntnhion 

rnunles are withdrawn, and in tlie serum or plasma the_ n fovinietr} 

Iri^trically determined. As the standard ,notber ble^= 

"f contain the same amount of the patient's serum or ph 

1 k first obtained immediately before the in.iec ion ^f tbe vc^ 

rolii a uatbea pr«™ comparative esttmat.oa 
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c; tif saples was made, in our modification the Cohl^o red is transformed into 
lie llzi conpoimd by addition of hydrochloric acid. ?)efore which an acid bulier 
cr’irticn, conta inin g urea, was added, thus (1) diminishing the acid-binding 
c^riieiiy 01 the serum proteins and (2) preventinc their flocculation. Because of 
tie I^s-dye coueentration in the samples (2 to 5 milligrams per cent, i.e., 20 to 
1 c.e.). it was found nccessari* for exact colorimctn.- to add measured 
zzitTils of Congo red to the samples. By these procedures clear blue \ioIet 
1-e? are obtained which can l>e easily colorimetrieally compared and are pro- 
to the dye concentration as control experiments proved. 

— (1) A 1 per cent wateiw solution can be prepared by exactly 
Congo red powder and .sterilizinir in the autoclave. This .solution 
— within twenty-four hours and. therefore, must be freshly pre- 
majority of our experiments we u.'^ed Looer's commercial prepa- 
c: “1 per cent Conso red.' ^ 
irlerile 3.S per cent solution of sodium citrate. 

(3,t One-tenth per cent and 0.05 per cent Congo re<l solution.?, freshly pre- 
,-r: cy dhutioa of the 1 per cent Congo red solution, used for the injection in 
2r.e experiment. 


^^^^-^ydrochloric acid bufier. containing 25 per cent urea. A mix- 
IV, Gm, of glycine and 0.59 Gm. of sodium chloride are dissolved in 
- parts of this solution are mixed with 4S parts of tenth- 

j,,' . •"^^^^>di!oric acid. In 100 e.e. of this mixture 25 Gm. of urea are dis- 
ha.s 3 pH of approximately 2. and is usable for several 
• n stored in. the icebox. 

'5) ita per cent hydrochloric acid. 

r<*f. — To avoid lipemia of the blood samples, the tested 
^ l>e bled either after fasting or at least not shortly after the intake 


fv-i 


2. dry 5 c.c. syringe 


the 3 I 


or one rimicd ^vith citrate solntion, containing 
_ , _ sodium citrate, blood is a.‘q)irated from the cubital 

ir; !..; ^ (4 c.e, of blood). Aspiration of air bubbles must be 

V ^ ^ *1' ^^■^■'^tent.? of the syringe are mixed and put into a drr centrifuging 


- t I r... 


=^tely follow 


C 

• Fee- 


ing, while the needle remaims in the vein, 10 c.c. of 
'-mgo red solution are injected. 

T after the injection blood is withdrawn in the same wav a.s 

■--iA^.Tef.?amp7r o), 

^ obtalced sixty minutes after the injection. 

^ three .samples are sharply centrifuged. After careful 

To t*. . ^"Ood cells. 2 c.e, of each sample are put into dry test 

^■*‘-*‘Orie£s sample 1. serving as standard, 0,1 c.c, of the 0.1 per 
* O.fQ sdded with a micropipelte : to samples 2 and 3. 0.1 c.c. 

‘ Congo red solution, corresponding to 100 and 50 v. re- 

~ ~ •’.'.,5 ^ sample is now added 2 e.e-. of the bufier-nrea .‘^lu- 

^ 10 per cent hydrochloric acid. Thus a blue violet c-olor is 
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developed and the colorimetry is immediately performed, as precipitations mnv 
occur after longer delay. Sample 1, containing 100 y Congo red, is used as 
standard. 

Calculation . — The Congo red content of samples 2 and 3 is found by tlie 
equation x = — ^ — y, if tlie standard is kept at tlie mark 10 and r is siili.stitiitfd 

by the respective reading. From these values, 50 y, wliieli have been added 
as previously^ described, are subtracted for obtaining the originally present Congo 
red content of the samples. The Congo red index, shoving the per cent of de- 
crease of the Congo red and thus serving as measure of the reticulo-endothclial 
activity, is obtained by' di^-iding the Congo red content of sample 3 by the Congo 
red content of sample 2 and multiplying tliis figure by 100.® The Congo red 
content of the samples, expressed in milligrams per cent, is found liy didding 
the y values by' 16. 

Table I 


Caxcer-Free Patie.vts 


NO. 

AGE 

DIAGNOSIS 


NO. 

AGE 

j MACN'OSIS 

r.r..!' 

1 

2 

3 

4 

5 

6 

7 

S 

g 

10 

11 

12 

13 

14 

15 

IG 

17 

IS 

10 

20 

21 

22 

23 

24 

25 

38 

63 

39 

39 

37 

22 

30 

48 

2G 

60 

44 

73 

45 

39 

28 

45 

39 

37 

43 

64 

21 

45 

67 

44 

20 

Sinusitis 

Lipoma of neck 

Ulcer of breast 

Keloid of ear 
Syringomyelia 

Fibroma of nose 

Healthy 

Eczema 

Keloid of ear 

Neuralgia 

Sebaceous cyst 

Slorbus frey 

Cellulitis of leg 

Sebaceous cyst 

Keloid of ear 

Eczema 

Boils 

Psoriasis 

Herpes zoster 

Dupuytren ’.s contracture 

Epidermopliyto.sis 

Dermatitis 

Mycosis 

Mycosis 

Acne vulgaris 

44.9 
37.6 

34.3 

33.2 

50.4 

56.5 

45.1 

54.6 

57.5 

62.5 

67.5 

62.9 

61.3 

63.5 

33.3 

61.3 

32.7 

62.1 

59.8 
57.1 

34.5 

69.7 

37.7 

44.4 
(■>7.6 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

40 

47 

48 

49 

28 

60 

32 

37 

48 

21 

71 

33 

57 

56 

48 

24 

21 

28 

28 

56 

59 

58 

38 

47 

27 

46 

27 

61 

i Eczema 
; .Mycosis 

IVarts 

Menorrhagia 

Metrorrhagia 

Acne vulgaris 

Dermatitis 

Keloid of arm 

IVarts 

Endometritis 

Eczema 

Keloid of breast 
Ringworm 

Eczema 

Tuberculosis of rib 
Metrorrhagia 

Fibroid of uterus 
Dermatitis 

Fracture of tibia 
Fracture of femur 

Spinal cord Ic.sion 
Fracture of tibia 

Hallux v.algus 

Fracture of femur 

ff,.9 

3'..! 

a? 

4M 

57.5 
(15.5 
C7,l 

55.5 

51.5 
r.2.5 

55.1 
52.'" 
fd.I 
ft).5 
7.-.S' 

52.5 
;i.5.2 

51.5 

57.1 
till' 
5).5 

C3.<i 

5^,2 


•Congo red index. 

Complications . — By strict attention to the above described piocc^^^ 
plasmas obtained are never hemolytic. Should hemolysis occiu, lo' 
source of error, so important in the original method, is easily 
acidification with* hydrochloric acid results in a bromiish color jiscardoh 

does not allov a colorimetric comparison. Such a test shou > 

Strongly icteric or lipemic samples also might prevent a .snecc.-^A n 
determination. Finally, it is Iniown that in amyloidosis intra^cnoii. . 


•Some authors. our.=eIve 


.. ve.e incIuJeJ. In repoiieil .animal ’nn*ula : Conpo Tl-rr!’ ' 

rea index, nfrurins tlio per cent of decre-ase ,T^“‘;t',‘",7,,,F,,v^Conco red content > 

of sample 2 minu.s Comro red content of sample .> dhhiod m p-m orlclnal Conso 
.and multiphed bv 100. TI,h value corrc.<=pond.s to 100 minu.s tne o. 
and is the^highef, tlie more Congo red ha.s disappcaicd. 
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CoHgo red disappears vci’y quickly from iJio blood stream liecaiiso of a great 
chemical affinity of Congo red to amyloid (Bcniiliold’s test). In these cases, of 
course, the Congo red test cannot be used for an evaluation of the reticulo-endo- 
: Ihelial function. 

Using the described method, we tested 49 patients clinically free of malig- 
nancy, and 100 patients suffering from malignant neoplasms. In 12 cancer pa- 
tients the test was repeatedly performed during and after radiation therapy. 
The results of these tasts may be seen from Tables I to IV. 

Table I, comprising the cancer-free patients, exhibits values of the Congo 
red index ranging from 32.7 to 73.9 per cent. Kight patients (11, 22, 25, 26, 29, 
33, 41, 48) show indices near or beyond 70 and correspondingly must be con- 
sidered as more or less impaired in their reliculo-endolhelial function. The 
normal range varies between 30 and 65 per cent. In our experiments the average 
value is found as approximately 55 per cent, which means that a little less than 
half of the injected Congo red amount is stored by tlic rcticiilo-cndothelial system 
during the time of the test. 

r' Turning to the neoplastic cases it can be seen that 86 out of the 100 tested 
patients found in Table II exhibit values ranging between 70 and 100. In 14 
eases, however, included in Table HI, the Congo red index was found below 70. 
’ clus'^^ results it seems possible to draw the following eon- 


. ‘ C6nt of the investigated cancer cases a definite severe damage 

te.st function has been found by means of the Congo red 

wnil’t* not depend on a disturbance of the patient’s general 

erali^ connected with tlie advancement or the gen- 

^ za ion of the malignancy. , While at present it cannot be explained why in 
volveme^^^ phenomenon could not be observed, the marked in- 

' sidered*^*^ reticulo-endotliclial system in human neoplasia may bo con- 
Yqj established and probably important factor of cancer pathology. 

' luarilv^ being, however, it cannot be decided if this phenomenon is pri- 

'^omit'aurf tumor origin and growth or is only a secondary, con- 

■ animal -A^n answ’er to this question may be looked for from suitable 

, experiments.!^ 

of value cannot be attributed to the Congo red test both be- 

sult iu (] ^®*^^Pecifieity as many other conditions, mainly infections, also re- 
‘ our ca ^eticulo-endothelial' function, and because in about 14 per cent 
, the Congo red test failed to reveal an impairment of the 

the 

3 o„ ,, ‘ combination with other clinical and laboratory findings. 




system. Therefore, the result of tlie Congo red test miglit 
^ ^ od only in combina 

^ certain prognostic value seems to adhere to the test, 
of T according to their Congo red index and comparing the 

folW-i 1 V’ithin the time of observation (six to nine months) , we see 

distribution: 


Oroi 




so 


""»P IH- pSt- 

C.E.I. 90-100 


0 out of 20 patients died (30 per cent) 
21‘out of 39 patients died (54 per cent) 
19 out of 27 patients died (70 per cent) 
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TABtiE 11 


Cancer Patients AVith Damaaed IlETicut^o-EKi.cmiKUAE Tub 


DATE AGE CANCER OF j an.I. 

12/22 15 Stomach SLT 

12/23 78 Rectum 82.4 

12/27 3S Rectum 75,1 

12/28 (!8 Prostate SG,2 

1/ 3 78 Prostate 87.0 

1/ 5 53 Floor of mouth 91.4 

3/ G G8 N'asophar3’nx 75.2 

G 38 Perineum 88,4 

J/ 9 C4 Tongue SS.O 

1/10 78 Stomach 100.0 

1/11 6‘8 Prostate 88.5 

1/12 41 Esophagus 88.3 

1/13 36 Breast 95.9 

1/17 28 Breast 84.C 

1/18 53 Rectum 8C.7 

1/lS 43 Cervix 90.4 

1/23 51 Esophagus 90.3 

1/24 45 Cervix 92.3 

1/25 45 Breast 89.3 

I/2C 70 Rectum 83.1 

1/26 78 Tongue 96.0 

1/27 73 Bladder 81.9 

2/ 6 45 Larynx 71.0 

2/ 5 68 Tongue 90.5 

2/ 8 55 Breast 90.7 

^/ G 52 Stomach 94.1 

^ I*! Floor of mouth 100.0 

2/14 00 Stomach 87.5 

2/16 72 Tongue 73." 

2/10 49 Rectum 84.9 

2/16 72 Larynx 83.4 

2/16 58 Penis 80,1 

2/21 46 Larynx 85.9 

2/21 58 Larynx 83,4 

2/23 70 Rectum 72.6 

2/23 62 Lung 83.4 

2/23 71 Neck 94.1 

2/27 59 Rectum 72.5 

2/27 02 Esophagus 94.2 

2/28 .35 Neck 78.3 

2/28 43 Cervix 95.7 

3/ 1 35 Breast 85,2 

3/ 2 69 Prostate 100.0 

3/ 2 44 Testis 87.1 

^ -16 Larynx 75.7 

3/ 6 70 Breast 84.4 

3/ 7 59 Lung 81.8 : 

3/ 9 44 Tonsil 85.2 1 

G/ 9 58 Esophagu.s 85.3 1 

3/ 2 71 Prostate 90.5 ] 

3/10 44 Cervix 80.9 1 

3/13 42 Breast 72.5 I 

3/13 59 Cervix 100.0 I 

3/14 09 Stomacii 86.7 I 

3/17 70 Stomach 82.6 I 

3/20 . 66 Larynx 82.2 I 

3/21 64 Rectum 77.5 1 

3/21 78 Tongue 100.0 1 

3/23 77 Tonsil 85.8 T 

3/27 44 Pace 75.4 li 

3/27 84 Larvnx 100.0 T) 


I ICb t-0-ENI)OT]lKI.IAE FuXi'TId.s- 

i . .von; 

•7 Hied 32/29 ~~ 

•d Unimproved 10/.3 
.1 Died 5/28 
•2 Uiiiinprovcd 10/3 
■0 Improved 10/15 
■•1 Died 0/17; cf. Table IV 
•2 Discharged iininiproved l/iS 

■1 Unimproi’ed 10/3; cf. Table IV 

0 Died 8/7; cf. Table IV 

0 Died 3/19 

5 Died 3/0 
3 Died 1/17 
9 Died 7/4; cf. Table IV 

0 Died 6/12 

7 Improved 9/20 
t Unimproved 10/23 

1 Discharged uniniprox'cd 3/3! 

! Died S/29 

> Died 3/7 
; Unimproved 12/22 
I Discharged improved 0/24 
' jUnimproved 10/4 
' Disciinrgcd unimproved 2/23 
Died 4/24; cf. Tabic IV 
Died 8/20 
Died 7/2 

Died 10/28; cf. Tabic IV 
Died 7/28 
Improved 5/3 
Unimproved 2/23 
Died 11/30 
Died 3/20 
Died 5/20 
Unimproved 12/24 
Discharged unimproved 2/2t' 

Died 4/13 

Improved 7/0; cf. Table D 
Died 10/24 
Died 7/23 
Improved 12/20 
Disebarged improved 3/29 
Died 5/22 
Died .3/30 
Died 3/30 

Disebarged improved 0/20 
Discharged unimproved ■•/>> 

Died .3/29 
Died 3/23 
Died 5/11 
Died 4/9 

Discharged improved G/i- 
Diseiinrged improved 4/-t 
Died 4/19 

Discharged nnimproveO -JU 

Discliarged unimproved 4/ ’ 

Discimrged improved 4/- 

Died 4/14 

Died 4/9 

Died 0/24 

Unimproved 10/29 

Died S/24 
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Table II — Cont*i> 


.NO. 

D-NTE* 

AGE 

C.VXCEPw OF 

C.R.I. 

NOTE 

62 

3/28 

.H6 

Cervix 

78.(5 

Died 0/24 

63 

■!»« 

52 

Esophagus 

mnm 

Died 11/23; cf. Table IV 

64 

3/31 

52 

Rectum 

92.3 

Unimproved 12/23 

63 

4/ G 

47 

Middle car 

wTim 

Died 10/29 

66 

4/7 


Tongue 

S8.5 

Died 7/27; cf. Table IV 

67 

4/12 

51 

Tongue 

9G.9 

Diacliargcd improved 7/8 

68 

4/13 

54 

Kidney 

79.9 

Died 8/17 

69 

4/13 

68 

Cervix 

72.8 

Diseliargcd unimproved 7/0 


4/13 

Wlj^H 

Cervix 


Died 10/30 

71 

4/14 


Rectum 

88.7 

Died 4/30 

73 

4/17 

03 

Prostate 

Hiltm 

Died 5/5 

4/19 

44 

Lip 

72.7 

Improved 7/13 


4/25 

09 

Stomach 

84.0 

Unimproved 10/24 


4/26 

57 

Breast 

82.3 

Unimproved 10/24 


4/26 

02 

Lip 

71.5 

Discharged improved July; ef. Table 
IV 

if 

5/ 3 

28 


77.1 

No follow-up 

79 

69 

81 

82 

5/ 4 

5/ 8 
5/15 
5/25 

50 

89 

46 

58 

Breast 

Face 

Breast 

Cheek 

85.4 

70.5 
8G.8 
81.7 

Unimproved 7/20 

Unimproved 10/29 

Discharged unimproved 10/1 

Died 8/19 

6/21 

6/22 

6/30 

0/30 

G/30 

50 

Foot 

90.1 

Unimproved 12/18 

84 

85 

86 

54 

59 

01 

35 

Larynx 

Lung 

Prostate 

Lung 

fm 

Unimproved 12/15 

Died 7/18 

Unimproved 12/7 

Died 7/13 


Table III 






“Negative” Cancer Patients 

NO. 

^ j - 

DATE* 

AGE 

CANCER or 

C.R.I. 

NOTE 

2 

1/12 

1/16 

1/17 

1/31 

56 

Sigmoid 

68.9 

Improved 12/26 

3 

3s 

Cervix 

CC.8 

Died 2/15 

4 

e2 

Cervix 

56.5 

Discharged improved 2/15 

5 

2/ 6 

2/ 7 
2/15 
3/1 

3/ 3 

57 

Larynx 

58.6 

Died 6/2 

6 

38 

Lung 

46.2 

Diseliargcd improved 6/23 

8 

5n 

48 

Ovary 

Cervix 

64.4 

61.9 

Discharged unimproved 2/13 

Died 4/29 

9 

: 10 

53 

6.J 

67 

Breast 

46..T 

Discharged unimproved 6/6 

3/15 

Clieek 

67.2 

Died 4/23 

11 

3/15 

Colon 

68.8 

Died 6/22 

12 

3/16 

59 

Rectum 

52.3 

Died 3/18 

, 13 

4/24 

38 

51 

49 

Breast 

66.6 

Died 6/13 


. 3/10 

Tongue 

Lip 

60.0 

65.3 

Improved 12/13 

Improved 12/19 

Tl. - 


>f patients 

1 to 4. 


coiinc severe disturbance of the reticulo-endothelial system appears 
' As show ^ ^’^ipid fatal progress of the disease, 
i, in 12 cancer IV, the Congo red test was also repeatedly carried out 

liefore, during, and after their treatment with radiation 
hy the T ^ patients (21, 37) the clinical improvement, 

to norm 1 accompanied by a reversion of the Congo red 

''^iiici(lij,„ In 2 patients (27, 66) the Congo red index was lowered, 

I'fovc^ fujjcj- ^ *^^i^ically observed radiation reaction and indicating an im- 
.P^O'ement Wasn't ^‘^ticnlo-endothelial S3'stein, but no lasting clinical im- 

/ Was ohser aljout. In the rest of the patients no clinical improve- 

and the repeated performance of the Congo red test always 
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exhibited a damage of the reticulo-endothelial function. In patient J3 flie rf- 
gression of a breast lesion ^vas also expressed by an inijiroved retien!o-end'> 
tlielial function, but tiie finally letlial reeurreuee was foresliadowod bv an in- 
crease of the Congo red index, characteristic for the failure of the rcticnlo-cnf).) 
thelial function. As far as these few investigations permit us to judge, the rr 
peated performance of tJie Congo red test during a treatment, would prove vain 
able for prognostic purposes. In this connection it may be mentioned fliat liKs; 
results support the opinion that successful radation therapy is accompanioil bi 
an activation of the X’Ctieulo-endotlielial system or is partly dependent on i; 
(Caspari,^^ Lewiid®). 

Table IY 


Test.s SsrsATED Ul'rixg Tre.vt.mext of Caxcek Patie.vt.s 


XO.* 1 

DATE : 

CAXCEK OF 

C.R.I. 

TREAT.MEXT 

SOTE 

0 

1/ 5 
4/17 

Floor of 
moutli 

91.4 

90.C 

x-ray: 1/8-3/28 

Died 6/17 

S j 

1/ 9 1 

3/30 ! 

6/12 


SS.4 1 

55.1 ' 

94.2 

X-ray: 4/30-6/28 

Biopsy 5/0, nialignsncy 
ent ; identical findinc 

9 1 

1/ 9 1 

3/28 1 

Tongue 

SS.O 

87.8 

X-ray; 2/17-3/2S 

Died S/7 

13 

1/13 j 
3/ 6 1 
6/13 1 

Breast 

93.9 
72.3 1 
SS.6 ; 

X-ray: 12/16, 3S-6/2S 

Local condition iieaiyi i'-n 
recurrence 6/30; died '1^ 

21 

1/26 

3/ 6 
6/12 

Tongue I 

i 

96.0 i 

ss.s 

65.6 

X-rav: 1/20-3/20; 
4/10-4/20 , 

Di.seiiaiged iBrprovcii <>/-< 

24 

2/ 6 j 
3/ S 

Tongue 

90.5 

86.3 

X-ray: 2/23-3/29 

Died 4/24 

27 

i 2/ 9 
' 3/22 

6/ 8 

Floor of 
mouth 

100.0 

54.3 

02.6 

X-ray 2/15-3/15; 
radium mold : 
5/15-5/19 

iHeiglit of radmnen t.a'-i - 
3/22; jnarhed repo 
6/06; died 10/28 . 

27 

2/23 
3/27 
\ 6/ 8 

Neck 

t 94.1 

1 SO.G 

1 40.9 

X-rav: 2/27-3/21: 
5/24-6/25 

Discliargcd InStWl 'Wi^' 

7/0 

as 

' 3/30 

1 6/ 6 

Esophagus 

; ido.o 

: 88.5 

X-ray; 4/10-8/23 

Died 11/23 

oa 

1 4/ 7 

6/ S 

Tongue 

88.5 

01. G 

X-ray: 4/10/6/15 

Died 7/27 

7a 

1 4/26 

i 6/14 

Lip 

71.5 

T4.S 

Hadiiini; X.ay '39 

Discharged impru" ' 

7S 

' 3/ 4 

I 6/14 

Breast 

85.4 

71.5 

X-ray; 5/10-6/15 

No follow-up 


♦Xumbers refer to corresponding cases in Ta'blo 11. 


0. In order to include a complete enumeration of our stm . psiiCiU 
the less conclusive results obtained by applying the Congo fundi'^- 

with sarcoma. Only iu 2 of these was a decreased rcliculo-cnco le 
found: reticulum cell sarcoma, C.R.I. So.S; fibTomyxo.sarcoma. ,j,. 

a ease of fibrosarcoma of the intestines complete di.sappeaiance o 
blood was observed after sixty minutes in a Congo red test fn 

(C.R.I. fi)- ^*0 amyloidosis was found in the autopsy of 
llent with round-cell .sarcoma a C.E.I. of 3S.S. and m one vu ^ prliu> 

sarcoma a C.R.I. of 4S.9 wove found. While the number of tin - . 
studied is far too small to permit us drawing any conclu-sion. 













STERN: RETICULO-ENDOTnErJAL FUKCTION OF CANCER PATIENTS 


817 


altogether improbable that the rctieuloeiulothclial i'linetion is less frequently 
involved in sarcomas of mesodermal origin than in cpil helial neoplasia. A similar 
view ^^as expressed by Cramer-'’ concerning the interpretation of reticulo- 
endothelial studies made on rat sarcomas. 


SUMMARY 


A modification of the Congo red test has been dc.scribcd which can be used 
for clinical testing of the vetieulo-endothclial function. This test has been ap- 
plied to 49 persons free of malignancy and to 100 patients afllieted with malig- 
nant neoplasms. A damaged function of tlic rcticulo-endothelial S 3 ’Stcm was 
found in S6 per cent of the cancer eases. Tlie possibility’ of a prognostic evalua- 
tion of this test wa.s discussed as to duration of life and effectiveness of radiation 
therapy. 
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CLINICAL CHEMISTRY 


VITASIIN K ACTIVITY OP 2-MBTHYL-l, 4^NAPHTH0QUIN0NE AM) 
4-AMINO-2-AIETHyL-l-NAPHTHaL IN HYPOPROTHROMBINEMA* 


E. A. Sharp, AI.D., E. C. Vondeb Hbide, M.D., Amy AY. H. Good, M.D. 

Detroit, Mich. 


FN AMEW of tlie promising preventive and curative role of vitamiu IC in hypo- 
* protiirombiiiemia, a brief communication is submitted on tlie recent ciicTeifai 
developments and the clinical status of symthetic vitamin K and snbstilnte 
pounds. 

MODE OP STUDY 


Twenty-seven patients having Iiypoprotlirombinemia below 40 per cent ar 
reported. Specimens of blood were obtained by venipuncture during ti!e room 
ing hours. The prothrombin determinations u’ere made by the incibotl 
Quick^ and repeated at twenty-four-hour intervals when feasible. The 
clotting time for the method throughout the study was thirteen seconds, tep^' 
senting 100 per cent. Since many clinical variables must be considered in 
eventual evaluation, this study involved only a preliminary assessment of »C' 
tivity of the chemical substances described when used in states of hypop^® 


thrombinemia below 40 per cent of normal. 

Dam- and Stokstad^ are identified witli the early phases of research 
factor having antihemorrhagic properties. The former demonstrated As pm 
ence in vegetables and alfalfa. Almquist and Stokstad'' showed that 8 
percentage of alfalfa in the deficient diet prevented hemorrhagic 
chicks. Various contributions on the chemical nature of vitamin K m ^ 
Doisy and his associates in a recent review'* preceded the invesliga ! 
McKee, Binkley, Thayer, AlacCorquodale, and Doisy,** and Binkleys Mac e ‘ 
dale, Thaymr, and Doisy' which led to the isolation of vitamins K, an 
Almquist and Iflose® reported on the antihemorrhagic property of 
thetic naphthoquinone, “phthiocol,” 2 -raethyI- 3 -h.vdro,vy-l, 4 -napbt 
which was isolated from the tubercle bacillus by Anderson and Newman ^ 
These former workers considered “phthiocol” to be tbe simplest (V. 

homologous sei’ies of antihemorrhagic substances. They found A 
same degree of potency whether given orally, intramuscularly.', or in ra^ 
but it had only 1/100 to 1/20 the activity of vitamin K derived from a 

In May, 1939, Doisy and his co-workcr.s”’ ” announced tiic ,\5 • 

K : K, from alfalfa and K„ from fermented fis i m » 

■ HofpU“t 


forms of vitamin 


menl 


•■From tVie ATiemia I,»borator>-, Oul-PaUent Dopartn^xit, Harper ; 
o£ Svreeri’, W’aync Unlver.sity. College of MeUlclne, DclroiU 
Received for publication, February 13. 1540. 
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result of chemical analysis it was suggested that Kj and K, possessed quinonoid 
structures. Further study demonstrated vitamin K to be disubstituted 1, 4- 
naphthoquiiionc. 

Doisy and his co-workers assigned to vitamin 1C derived from alfalfa the 
chemical formula of 2-methyl-3-phytyl-l, 4-naphthoquinone. This substance has 
hecn synthesized and when used in this pure fom orally has been found to in- 
. ilncc remission of hypoprothrombinemia in animals and man. It is oil soluble 
1 and stable in oily solution, assaying 1,000 curative chick units* per milligram. 
' While not fully evaluated clinically, a dose range of 6,000 to 9,000 units daily 
is effective when the prothromhin deficiency is below 40 per cent of normal. 

Further research on substances having quinonoid structures by Ansbacher 
and Pernholz” demonstrated that 2-methyl-l, 4-naphthoquinone, first discovered 
by Fries and Lohmann in 1921,*‘ possessed vitamin K activity. Each milli- 
. gram of this substance assays about 2,000 curative chick units of vitamin IC as 
determined by tbe seventy-two-hour method. It exists as bright yellow, pris- 
matic crystals, possesses a quinone-like odor, and is affected by light; for ex- 
ample, exposure of the material in a glass-stoppered bottle to diffuse light for 
alout two weeks not only changes the color to tan or off-white, but also raises 
the melting point from the normal range, 105° to 107° C., up to 170° C. 


Table I 

tWmcTOHJESs OF g-METHYL-l, t-NArllTHOQUlKONE OBALLV IN DRT rORM IN HYPOPRO- 


WIIEST SO. 

“ioT 

2Yo 

3Za 

3Za 

4St 

4St 

4St 

5Ba 

6Mct 

•Curative 


PROTHROMBIN % 

DAYS TREATED 

DAILY 

BEFORE 

AFTER 

DOSAGE (C.C.U.)* 

18 

18 

40 

40 

30 

30 

30 

40 

15 

25 

50 

25 

50 

50 

35 

35 

20 

20 

22 

30 

G 

11 

7 

9 

5 

3 

14 

3 

14 

1,200 

2,400 

2,400 

7,200 

2,400 

3,600 

7,200 

2,400 

3,600 

2,400 


tRiH. ‘UR units. 

’“"■ary cirrhosis. 

The 

* I a"tihcmo™r^°^™^ 2-methyl-l, 4-uaphthoquinone is soluble in oil and manifests 
[ t“ 1,200 action when given orally. Sharp“ reported that doses of 1,200 

"W whole n units daily, when given orally in dry form, with or with- 

ahstructirp '• hittle alteration in hypoprothrombinemia associated with 

ts'- honeyjf and biliary cirrhosis (Table I). AVhen the same patients, 

\Sf' of 2 400 ™ ^■’““thyl-1, 4-naphthoquinone dissolved in corn oil, a daily 
t'C to fivn umts restored prothromhin to a satisfactory level within 

Rhoads and Pliegelman’° have reported favorably 

-mOtMi.l 1 A 

Ct 1 to 4 ; 




^ 2-nietli3i-ij 4-naphthoquinone in prothrombin defieiencj'. In daily 


orally only one of ten patients failed to respond and no 
''■ere encountered. 


‘Quantity Of of \’itamln K (J. Biol Chem. 123: CXXI. 1938) may be described 
coaeulatinn'f Preparation given over a three-day period which will 

fed a minutes or less in at least 50 per cent of baby chicks 

*0 the actUitv ^ K-free diet for the first fourteen to fifteen days. The unit 
'-“'ity of approximately 50 mg. of dry alfalfa. 
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Table II 


EiFECTIVENESS OF 2-AlETHVL-l, 4-HAPHTJIOQ0INOKE IN K\T>0PK0tJI5;0MBIXEMI\ W 
OBSTRtiCTivE Jaundice When Dissolveu in Oil and Given OiMinr 
(Cases 101, 2yo, 3Za, 4St, and 5Ba from Talle 1) 


PATIENT NO. 

PROTHROAIBIN % 

D.W'S TREATED 

DAILY 

DOSAGE {CCC.} 

BEFORE 

, after 

101 

30 


3 

•2,m 

3Za 

3S 


6 

2 , -too 

4vSt 

IS 


s 

SMd 

OTi 

2S 

90 

3 


7Bo 

25 

90 

C 


8Du 

32 

70 

6 


9Ee 

30 

80 

3 


30Ha 

28 

70 

10 


llWe 

30 

70 

3 

4,S00 

2Yo 

35 

65 

7 

7,200 

5Ba 

25 

75 

7 

9,000 


Table 111 

Effect of 4 -Ajiino- 2 -jMethyl- 1 -U'aphthol in Hvpoprotiibombinkmia 'When Gircx 

Intihvenously 


PATZEaVT 

NO. 

AGE 

SEX 

DIAGNOSIS 

pr.OTHROil- 
MN % 

D;\.TS 

TREAT- 

TOTAL 

DO.SAGE 

vtr. K 
(.MG.) 










IMao 

59 yr. 

9 

ACropiilc liver — C‘ 

13 

15 

7 

2S 

Dm 

2B1 

12 clays 

<? 

Hemorrhagic clisease 

27 

100 

1 

J 





of newborn 




22 


3Tu 

73 yr. 

<? 

Obstructive jaundice 
— C 

Second day post- 

40 

70 

11 


3Tu 

73 yr. 


— 

40 

— 

None 


3Tu 

73 yr. 

J i 

operative 

Postoperative 

40 

SO 

14 

28 

Rccovcrc'l 

4Ga 

25 vr. 

J 

Catarrlial jaundice j 

50 

90 

4 

s 


5Ev 

39 yr. 

$ 

Cholecystitis with , 

50 

50 

s 

10 


OKe 

30 yr. 


.stone— Tt 

Ulcerative colitis — C 

50 

I 50 : 

11 

44 

iKo effect <4 
vitamin K 






1 

j 


oraily 

7Wa 

57 yr. 

? 

ICIiolangeitis, chronic 

2S 

00 

1 7 

6 


SSt j 

02 yr. 

‘ 6 

' — T 

'Hernia, strangrulated 

10 

45 

1 1 

o 

0 

pjeO 




i — C 






.OTe 

43 vr. 

d 

Hernia, strangulated 

IS 

45 

c 

32 


lost 

1 

51 JT. 

S 

— C 

Obstructive jaundice 

50 

00 

4 

10 


llJJa 

50 yr. 

9 

Obstructive jaundice 

5 

so 

c 

12 





— C 



1 



12Ba 

3 days 

6 

Hemorrhagic disease 

Ho clot 

so 

o 





of newborn 


90 

1 



13A1 

S days 

O 

Hemorrhagic disease 

10 






of newborn 


SO 




]«IcF 

31 yr. 


Gunshot wound liver 
— C 

.30 





•Conflrmcd. 

■(Tentative. 

Given in doses of several milligram.^ daily for throe to ioin v^tk. 
oils adult patients, 2-metliyl-l, 4-jiaplithofjninouc lias developc 
tions of intolerance. Elioads and Fliegelnian in their comnuun‘’'**‘°' ' 
they had given O.o mg. per kilogram of body iveight ivithoiit jn® 
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iintoward phenomenon. It is the most potent of tlio oil-soluhle vitamin K sub- 
slantes as iudged by limited clinical experience. 

Parenteral 4-Amino-3-Methyl-l-Naphthol Hydrochloride . — Further investi- 
gation of chemical substances liavin^ antihemorrhagic properties of vitamin IC 
»as contimied in an effort to find a water-soluble and stable compound for par- 
enteral nse. This research resulted in the .synthesis of 4-amino-2-methyl-l- 
naplilhol and 4-amino-3-mefhyl-l-nnphthol'' as the hydrochloride, both of which 
are water soluble and stable. It was found, however, that the former possessed 
definitely greater vitamin K activity by the curative chick method than the 
latter— actually almost three times greater than IC,.’® In Table III are given 
data on the use of 4-amino-2-mcthyl-l-naphthol hydrochloride in hypoprothrom- 
binemia in man. Daily doses ranging from 1 mg. to 6 mg. (1,800 to 10,800 
rarafirc chick units in the form of the hydrochloride) given intravenously re- 
stored to normal severe prothrombin deficiency of obstructive jaundice within 
two to three days, while hemorrhagic states of the newborn responded within 
tivelve hours to a dosage of 1 mg. intravenously (1,800 units). 


DISCU.SSION 


Ifarner, Briukhous, and Smith” have reported extensive observations on 
I 0 antihemorrhago effect of vitamin K in obstructive .iaundicc, as have Butt, 
nell, and Osterberg,” Heilman and Shettlcs,” and Waddell and Guerry” 
aie studied hypoprothrombincmia in expectant mothers and in the newborn, 
t man and Shettles, using vitamin IC concentrate, demonstrated that the 
Pasma prothrombin of the newborn can be raised b.v administration to the 
als delivery and by direct use in the infant. AVaddell and Guerry 

' tneth tt'erapoutie cffoctivcncss of vitamin IC concentrate and 2- 
Pnnatd' on prothrombin dcficiene.v in the newborn, and that 

, “™'’"slration may prevent intracranial hemorrhage associated with 
j "«mal delivery. 


'lepleted observations on several hundred adult patients show that 

"ithout lot uncommon in blood disorders associated with or 

spondedr™’'^'"^- ^^^’PoP^'Othrombinemia in some of these conditions has re- 
Thc ° ^ complete evaluation must be deferred, 

dicmical synthesis of vitamins IC, and IC, constitute an epochal 

''■ff ^'ojection of chemical re.scarch beyond this phase, how- 

fuln'fw ^'“’■opeutic affluence within the partially defined limits of usc- 
factors. 

^'Ktis of int parenteral 4-aminO'2-mctliyl-l-uaplithol, the absence of 

rapidity of action imply tliat prevention of hypopro- 
^urther ceding in the newliora and adult -will be a practical procedure, 
^^asiires are of bleeding associated with jaundice when surgical 

^bstanccs expected by the use of potent synthetic vitamin K 

'3 either the oral or the parenteral route of administration. 


^ SUHIMAKY 

^^’tutos chemical status of vitamin ICj and syntlietic sub- 

<b similar antihcmorrliagic activity is given. 
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Seven patients Jiaving hypoprotlirombinemia were ineffectively treated 
orally with 2-inethyl-l, 4-naplithoquinone in form. 

Five of the first series of seven patients and an additional six patients 
having prothrombin deficiency were successfully treated orally mth 2-inetiirl-J, 
4-naphthoquinone when the substance was dissolved in oil. No toxic effects ivere 
detected. 

A water-soluble substance, 4-amino-2-methyl'l-naplitliol hydrochloride, when 
given intravenously in hypoprothrombinemia, wms effective in a majority oi 
fourteen patients. Hemorrhagic tendency of the newborn responded rapidly. 
It has not produced toxic manifestations in the dosage used. 


3. 

4. 

5. 

6 . 
7. 
S. 
9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 

ir. 

18. 
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MEAT EXTRACTIVES IN STUDIES OF GASTRIC FUNCTION* 
R. S. Fisher, B.S., and Frank L. ^Vppeiu.y, JI.D., Richmond, Va, 


TT HAS long been recognized that meat extractives increase gastric secretion, 
but until rccentl}’ tliere have appeared few data on the quantitative measurc- 
lucnl of this response. Tessieri (1930)“ stated that ingestion of peptone prepara- 
; tions increased the duration and quantity of Imman gastric secretion. Komm 
{1931)* reported that “Tago,” a commercial meat hydrolysate, caused a marked 
inerea.se in the gastric secretion of dogs. Smith and Cowgill (1933)“ reported 
' tte results of preliminary studies on gastric secretion following administration 
V “trarioiis meat extracts. AVilhelmi, O’Brien, and Hill (1936)“ advocated a test 
. neat of meat extractives and described its effect on gastric secretion in dogs. 

The most important work of a quantitative nature which has been done on 
nman beings appeared in 1939, wlien Upham and Sliindler,' using the test meal 
' “ by 'Wilhelm j and associates, reported tlicir studies of the response 
• ° ' normal and of certain pathologic stomachs to the meat extractive 

store agogue meal. This test meal was prepared by a rather lengthy and 
, e erioiis treatment of a commercially available meat paste. 

'■ in '^nen marketed for over sixty years and are prescribed 

■' 111 gastrointestinal dysfunction. Little is Icnown, bowever, of 

■' Iib”'r 1 °'''^™ bho beneficial effects resulting from this therapy. 

' tative d ^ rmdertaken, therefore, with the dual purpose of obtaining quanti- 
I' nliic* ^ secretagogue power of a commercially available meat extract 
' ® irst '^•^T'ire little or no chemical treatment before administration as 
1 ailmi ' gaining information concerning the gastric response to the 

'' till. a meat extract with the hope of explaining to some extent 

, "■'^“bamsra of its action. 


PROCEDURE 

Ihc usc'oHh healthy male medical students, acquainted with 

"i 'be meals and the purposes of the investigation. The nature 

'be otd ^ discomfort during the test period, and the reversal 

btsons mi* '“^'"'’'istration of test meal and control meal in one-half of the 
''’’'elion aad neutralized any possible psychic disturbances of gastric 

tbe ™ individuals who were used repeatedly for the same test 

sh a"'" ®'™'arity of the secretory responses (noted by other ob- 
Thc t results were valid for comparative purposes. 

''’’bfuis tute""''".° ^°ii®"'ed the usual procedure, viz., the introduction of the 
’ ’'^P’tation of fasting contents after a rest of fifteen minutes, and 

i font Tv 

Eiochemistrs' and Pathologj*, Medical College of Virginia. 

publication. Fobruarj' 5. 1940, 
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Ihe introduction of the previously warmed fluid meal via the tube. Samples were 
removed at fifteen minutes, thirt 3 >- minutes, and at thirty-minute intervals there- 
after. Care was taken to mix the stomach contents well before withdrawing each 
sample. 

The meals used were : (a) The control meal, prepared by adding 2a Gm. of 
Ralston (a wheat cereal) to 750 c.e. of boiling water, boiling with stirring for 
ten minutes, allowing to stand for several liours and decanting 400 c.c. of super- 
natant fluid. To this was added 1 c.c. of phenol red (6 mg. per cubic centimeter, 
Hynson, Westcott, and Dunning). This preparation was cloudy owing to sus- 
pended starchy material, (b) The meat extract meal (used for series I) ira.s 
prepared by the addition of 16 c.c. of meat extract, * neutralized to Topfer’s 
reagent writh 5 N hydrochloric acid, to sufficient gruel (prepared as above) to 
make a total volume of 400 c.c. 

Free acidity of the samples withdrawn from the stomach was detennined 
by dilution and titration with fresh 0.01 N sodium hjffiroxide solution, using 
Tdpfer’s reagent as indicator; total chlorides were determined by the Van Slyko 
and Seiidroy modification of Volbard’s method; pepsin was determined by 5ktt s 
method. The amount of dilution of the gastric contents by various secretions 
was determined in the samples by comparison in a microcolorimeter of the color 
of the phenol red in the test meal (after alkalinization) with that of the standard 
meal used (also after alkalinization to bring out the color). 

In series II and III where meat extract, diluted with water instead of giwl 
meal, was used, it was possible to determine the dilution with fair accuracy I'd ■ ■ 
out any treatment other than tlie addition of alkali. Sometimes the hro^^TlSl 
color of the standard was matched by adding minute amounts of meat juice 
to the unknomi. Samples containing bile were matched by adding a trace o 
picramic acid to the standard. Where the suspended starchy material iu 1 ^ 
gruel meals interfered with color comparison, it was removed before alkahniza 
tion by' suction filtration through asbestos mats. In most cases, howevei, au 
accuracy of 2.5 per cent could be obtained without such treatment, ^ 
felt that in laboratory practice the loss of time required to attain fw c 
accuracy would not be justified. 


RESULTS 

Fig. 1 shows the curves obtained by averaging the values for all 
corresponding intervals in ten pairs of test meals. In plotting the to a 
curve for the meat extract meal, the analytical values obtamed ou 
were first corrected for the chlorides contained in the test meal jn 

(due to salt in tlie meat extract and to chlorides added as hydroehloiic 
neutralization to Tbpfer’s reagent). TJie follondng formula nas use 

= A — AoX. 

A represents the chloride concentration of the sample analyze 
cent of indicator present in the sample anal.vzed; and Ag, the c i o 
tratiou of the original test meal. (A„ for the meal used in this jn- 

w'as 47 c.c. of 0.1 normal chloride per 100 e.e. of test meal.) -t ^ ^ 


*Tlie meat extract used In this investigation Tvas kindly 
Juice Co.. Richmond, Va. 


,- donated by the Valentine- 
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diviilnal test meals somewhat higher peak values were often observed, hut their 
■ distrilration in the samiiles of different time intervals resulted in the average 
’ values shown. 




' ‘ tijie in jiinutes 

Gruel plus meat juice extract. • • Gruel meal. 

' ^ 1 sho 

\% ahini meat extract meal, and especially in the second hour, 

. '^‘^eronee.^ oc ^'^^^^ciitration of total chloride, free acid, and pepsin. These 
have stomachs have emptied. This state of affairs 

1. A greate about by one of several things: 

!'■ , ^^^^etion of acid gastric juice into the 7)ieat ca:frflci meal. This 

'vhereas T dilution of the meat extract meal than of the gi'uel 

: actually the reverse has occurred (Fig. 1 D). 
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.2. A greater secretion into the gruel meal of a chloride solution containing 
less hydrochloric acid than that secreted in the first hour. Since, however, in 
gastric juice of varjdng hydrochloric acid content the hydrochloric acid phis 
sodium chloride equals a constant of about 0.170 normal (Hollander),- the total 
chloride of the gastric secretion must remain unchanged. On the contrary Fig 
1 A shows that in the ease of the gruel meal the total chloride diminished rapidlj 
in the second hour. 

3. A regurgitation of duodenal fluids containing chloride and hicarhonati 
into the gruel meal. This possibility is the only one that can account for all tin 
phenomena found, i.e., the lower total chloride, the relatively still lower re 
acid, the lower pepsin, and the greater dilution of stomach contents. 



FREE HCl AS MEQ. 


Fig, 2. X X Gi'uel plus meat juice extract • • Gruel me 

■ 1 ■ of total chloridi 

In Fig. 2 these results, at least as regards the letter again! 

to free acid, have been compared in another way, by P o samples of P'« 
the former. Hollander (1932)==.^ has shown that J^e^ against the co 

gastric juice are drawn from animals, the plot of tota 

responding free acid yields a straight line only bv the fin' 

extract meal, where the gastric chloride and acid in H 

meal during the first hour, a similar straight line le t ^ 

second hour other factors begin to operate with fall of li„ 

meal, however, the free acidity very soon fal s to h 

showing that alkalies (presumably of duodenal origi ) stomach. 

acid only half an hour after the meal was placed in chlorides, h'S 

Apperly nnd Semens (1928)- ‘ "’I’ tdica.. » Wf. 

acidity and increased emptying time in healthy stomao , 

““hi muscle tonus. They In, -then shotved 

able to regurgitate its contents into a Jjich in turn, as is n 

This results in a higher acidity of the stomach coi^te _, ,n„ce of fo 

known, delays the emptying time, as 

starch or dye from the stomach. These are the c indirectlj 

extraci; meal, which would, therefore, appear ^jf^^caiv it ^ 

sponsible for the increased tonicHy of the ^^omacK 

that the latter manifests itself in increase PP extracts during 

and thus probably accounts for the popularity of meat 
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Yfllesccnee and poor liealth. The increased concentration o£ acid and pepsin 
and the slower emptying time would also increase the rate and degree of diges- 
tion of certain foods. 

A further series of test meals (series II) was prepared by dilution of 16 c.c. 
of meat extract to 399 c.c. with distilled w«*itcr, and the addition of 1 c.c. of the 
phenol red solution as in the other test meals, but the results were not signifi- 
cantly different from those in scries I. The peak acidity and pepsin values were 
reached sooner, but not as soon as with the gruel meal alone. Tlieir values were 
approximately the same. Emptying time also was less than with the combina- 
tion meal, but showed a delay when compared with the gruel meal, 

A third (scries III), using a 1:50 dilution of the meat juice, was done in 
order to study the effect of greater dilution of the meat extractives, the results 
being similar to those in series II, except that the peak values for concentration 
of secreted substances were reduced, indicating that the maximum effect of the 
laeat extract was not being obtained. Since use of diluted meat extract alone 
produces results similar to those found with gruel plus meat extract, the use 
of meat extract alone as a test meal is advocated. Further work on this test 
i^oal is contemplated. 

SUMMARY 


An examination of the mode of action of a commercially obtainable meat 
extract was made in order to ascertain the physical basis, if any, for the com- 
Wy alleged sense of well-being accompanying the use of such extracts. 

In comparison with the ordinary test meal alone, the addition of meat 
extract to the meal raises the concentration of total chlorides, free acid, and 
pepsin, and retards the dilution of the gastric contents. These facts are in- 
fpreted as indicating an increased tonicity of gastric muscle, w’hich is knoxvn 
'0 be the physical basis of appetite. 

Our experience with meat extract leads us to prefer this substance to all 
® lers for routine and experimental test meal w'ork. 

course'oMhls appreciation to Dr J. C. Foibc-i for liis lielpEul sugeestions during 
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FURTHER OBSERVATIONS ON THE ROLE OF DIET IN THE 
ETIOLOGY AND TREATMENT OF SPONTANEOUS HYPOGLYCEMIA* 


L. W. Swanson, M.D., and James A. Gkeene, M.D., Iowa City, Iowa 


T he manifestations of spontaneous Hypoglycemia are sufficiently Avell recog- 
nized to recpiire no further comment. Tliere are apparently several caiise-i 
for the syndrome, and once the diagnosis has been definitely established proper 
therapy cannot be instituted until the etiology is ascertained. It was assume 
at first that all eases were due to an overproduction of insulin by the pancreas. 
This assumption led to the frequent feeding of carbohydrates to the milder caso^ 
and to surgical exploration for pancreatic tumor in the severe ones, t soou 
became apparent that pancreatic tumors were not present even ® 
extreme cases and that other etiologic factors must be consider e . • 

dietary habits appeared to be a likely etiologic factor in certain cases, an 
a concept was supported by the fact that many patients became , .j^._ 
treated rvith a high carbohydrate diet divided into several sma 
A low carbohydrate, high fat diet Avas proposed, therefore, as a tieiaper 
eedure by Clark and Greene,^ and by Waters,^ Avith successfu lesii . 
proposed a diet high in fat and protein, and low in carbohy la es 
observed a patient AAdio had become worse Avith a high car o i? in 
did not improve with a high fat diet. He demonstrated that 
appreciable hyperglycemia folloAving such a diet and, of three 

hj^poglycemia. His patient Avas relieved of manifestations or a l ^ 
months. NeAvburgh and Conn^ then obsemmd six patients ^]\ 

hypoglycemia and infectious hepatitis which Avas usua j gf a diseased 

bladder disease. A cirre was obtained in one case folloAvmg remoA to 

gall bladder. They attributed the disturbance of carbohyclia 

the hepatitis. . i i -ph natieiits with 

Since the report of Clark and Greene,^ we have observed e ca ^.^,.5 

spontaneous hypoglycemia due to faulty dietary habits. one pnt'«’* 

that all such cases Avere due to an excess carbohydrate m a ^ .gijiigiied, was 
Avho was observed in the Out-Clinic Avhere the tliagnos^s 'aa' ^ attempt to 
admitted to the Avard and given a high carbohydrate ^ the glucif"’ 

• the condition Avorse. On the contrary, the symptoms s ^ revealed that « 
tolerance returned to normal. A careful dietary his orj , pr>''[ 

had followed a high fat and low carbohydrate diet Since then avc ha« 


to 


d followed a high fat and low carDoiiyoinic u 

and after development of the spontaneous liypoglycem . 

- v'a. 


•From the Department of Internal Aledicine State University of Ioa% 
loisa jpj. publication, January 30, 1940. 
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obsen’ed two other patients who liavc developed their symptoms while on a 
high fat and low carbohydrate diet. The remaining patients have followed 
a high carbohydrate and low fat type of diet. The two cases here presented 
are Epical illustrations of the two types of faulty diets ■which will produce 
spontaneous hjiioglycemia. Case 1 illustrates the high carbohydrate and low 
fat diet as an etiologic factor, and Case 2 illustrates the low carbohydrate and 
high fat dietary type. 

Case 1. — A male dry cleaner, aged 32 years, entered tlie University Hospitals in July, 
1337, tecause of a stone in tlie right lower ureter. His sj'mptoms disappeared after spon- 
taneous passage of the stone, Imt he returned in March, 1938, complaining of vague abdominal 
pain, constipation, palpitation, and nervousness. No organic disease was discovered and 
he was sent home without treatment. 
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f of hypoglycemia in Case 1 by a Ulot high in fat and low in carbo- 

> orate, as shown by the double glucose tolerance curves. 


an,] ■irjit-. September, 1938, however, complaining of increasing nervousness 
ahj liunger, palpitation, fatigability, insomnia, mild constipation, 

‘^'stress, and loss of five pounds of body weight in spite of an excellent 
eno* 1 ,^ sjTnptoms occurred two or three hours after each meal, and were 

for him^ worh. Food relieved the symptoms at such times suffi- 

*'23ch Would ^ icsunie ivork, and hence he habitually ate between meals. A bedtime 
^rbohydrat 1 P^'^^ent the symptoms at night. His diet had been extremely high in 
The ]j primarily because of a dislike for fatty foods. 

^^^niination, revealed no noteworthy abnormalities. The double glucose 
^wtaiaiug 70 ^ig. 1) was t;*pical for hypoglycemia. After six days of a diet 

(qj protein, IIG Gm. of carbohydrate, and 211 Gm. of fat, the double 

was within normal limits and the symptoms had 
He was discharged with a diet containing SO Gm. of protein, 170 
, I,e 200 Gm. of &t 

^’onths later ontirelr free of symptoms, and the glucose tolerance 
within normal limits. He was sent home witli instruc- 
' ^ diet containing 125 Gm. of protein, 200 Gm. of carbohydrate, and 250 


830 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Gin, of fat, and to return to the clinic if the symptoms reappeared. A report one year latfi 
stated that he was entirely free of symptoms. 


Case 2 . — A farmer, aged 28 j'ears, entered the University Hospitals in 193S, be- 
cause of abdominal distress, nervousness, palpitation, and sweating. He bad esjoyed 
good health until 1936, when alternating constipation and diarrhea, heartburn, water hmb, 
vomiting, and slight generalized abdominal distress appeared. He was examined by his 
local physician who prescribed a bland diet. In addition, because of a dislike for wrbo- 
Jiydrate foods, the patient reduced the carbohydrate content of his diet to a minimum. The 
symptoms disappeared, but several months later they' returned and were accompanied by 
weakness, palpitation, and sweating. These symptoms occurred two to three hours alter 
meals, and it was soon discovered that eating between meals would give relief aniil the 
next meal. The sj'mptonis increased, however, and became so severe that he had to stop 
work. 



The phj-sical examination revealed no noteworthy abnormalities. The g ^ 
tract was normal to roentgen- ray- studies. The glucose tolerance cur'e (cur 
was typical of hy'poglycemia. The patient was sent home for three weeks wt 
to follow a diet containing 500 Gm. of carbohydrate daily. He did not fo glucose 

tions completely, but the symptoms were less when he returned and t gjvicc to 

tolerance curve (curve II, Fig. 2) was improved. He was discharged w^ nionfhs 

follow the instructions and to return in three months. He returned two an ^jfsappcarf'b 
later, stating that he had follow-ed the diet, that his symptoms had comp . 
and that he had resumed work. The double glucose tolerance curve protein. 

greatly improved. He -was instructed regarding a diet containing . ^ refun’ if 

Gm. of carbohydrate, and 175 Gm. of fat before discharge and ai 
symptoms reappeared. A report one year later stated that he was en 


cojraiEXT . 

There appear to be several causes for spontaneous h.l pogl' frcaiw^''* 

diag-nosis is established the etiology must he ascertained (D 

can be instituted. The knowi causes for spontaneous h\ p ^ ■ lasia oi 
oversecretion of insulin due to either tumor of the pancreas oi . 1 


SWANSON-GREENE : DIET IM SPONTANEOUS HYPOGLYCEMIA 


831 


islcls of Laiigerliiiiis; (2) Addison’s disease; (3) probably certain pituitary 
dysfunctions; (4) infectious Iicpatitis, rvliieh is usually secondary to gall bladder 
disease; and (5) faulty dietary habits. The syndrome can be produced by either 
citreme in the carbohydrate and fat content of the diet : A high carbohydrate 
and low fat diet or a low carbohydrate and high fat diet can produce the mani- 
festations. 


It is usually not difficult to establish tlic etiology in a given case. The 
manifestations in patients with an oversecretion of insulin are usually extreme 
and are not improved by dietary therapy, although tlicy may be partially or 
entirely alleviated as long as adequate and frequent carbohydrate intake is con- 
tinued. Addison’s disease is not likely to he overlooked if its presence is once 
considered. The presence of pituitary dysfunction can be ascertained only when 
there are other manifestations of such dysfunction, and these cases are undoubt- 
edly e.itrcmely rare. An infectious hepatitis may produce severe manifestations, 
and these cases are probably more common than the above-mentioned ones. 
A thorough study of the biliary tract is indicated in each case of spontaneous 
hypoglycemia, but the absence of evidence of gall bladder disease does not 
absolutely exclude hepatitis, nor does the presence of gall bladder disease defi- 
oitclj establish its presence. In patients with spontaneous hypoglycemia due 
to faulty dietary habits the manifestations arc usually mild, but occasionally 
they are severe. There are many functional complaints in patients with spon- 
Meoiis hypoglycemia due to faulty diets, and these complaints frequently 
0 wire those of hypoglycemia. In fact, the functional complaints have caused 
JIM of these patients to follow tlie abnormal diet. Tlie eradication of the 
tciid ° ™‘*'''f®stations does not cure such patients, hut the neurotic 
^ eacies carniot he eontrolled as long as the symptoms of hypoglycemia persist. 
Ill iT' " history is necessary, tlicrcforc, in sucli eases to ascertain 

Alii'>r°*^ has been high in fat or high in carbohydrate, 

prod' drate diet will not eradicate hypoglycemia if this type of diet has 

' diet ^ correct it. The reverse is true if a high fat 

. reduced the syndrome. 

extreme, the etiology of a given case of spontaneous 
‘Muliii f likely an infectious hepatitis or an overproduction of 

fairly ** tumor. The former etiologie factor can he ascertained 

i'tiolo<> 5 . j*^***^-'’ hj' careful study of the biliary tract. On the other hand, the 
I lions ate^ hkely an infectious hepatitis or a faulty diet if the manifesta- 
' ooianioa "" moderately severe. The latter, in onr opinion, is the most 
! dietary spontaneous hypoglycemia and can he uncovered by a careful 

' fot in the response to a diet which contains carbohydrate and 

Theti proportion to that which the patient has followed previously, 
'“descojisil ™ch diets to eradicate hypoglycemia in these patients 

the • dt has required from six davs to six i 


"'•nimuiii 


required from six days to six months in our patients, 
"mia is not kmn ^or such dietary regimen after correction of the hypo- 
’“Hd assumed that the patients -who respond quickly 

\t1io are ^ after correction of the hj'poglycemia as 

® so\\er to respond. AVe, therefore, have advised our patients to 
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adliere to such diets for periods varjdng from three weeks to two and one-lialf 
years after the hypoglycemic manifestations have subsided. Probably sucli pa- 
tients sliould be re-examined at thi'ee- to six-month intervals during therapy. 

It is important that the patient he informed of the cause of the manifesta- 
tions and that adequate general dietary instructions be given which will prevent 
a repetition of dietary mistakes- after the specific dietary regime has been dis- 
continued. 

SUMMARY 

The causes of spontaneous hypoglycemia have been discussed and those 
due to faulty diets have been emphasized. The syndrome can be produced by 
diets low in carbohydrate and high in fat, or by those high in carbohydrate 
and low in fat. Three eases due to the former and eight due to the latter have 
been observed, but only one ease illustrative of each dietary^ etiology is reported. 
The types of corrective diets and the duration of therapy have been discussed. 
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THE EFFECT OF COPPER AND IRON ON HEMOOLOBIN 
REGENERATION* 


Willis M. Fowler, M.D., and Adelaide P. Barer, Ph.B- 
Iowa City, Iowa 


'HAT copper plays a role in the syuitliesis of hemoglobin has been cone 
demonstrated, but since it is not a part of the 
exact mechanism of its action has not been ascertained, and the e imCj 


T 


tions to be di’awn from animal experimentation are not entiiely ^ 

numerous reports concerning its effect on the anemia of experimcu < 

have been adequately summarized.^'® The present concept, in y*® 

copper acts as a catalytic agent in hemoglobin formation and ai dic 

lization and utilization of iron stored in the body as well as 

effect of inorganic iron salts administered by mouth. These e ec 

trated by the fact that neither iron nor copper alone are pwdn<^<'- 

ment of nutritional anemia in the rat, whereas a combination of t le 

a rapid hemoglobin response. When iron has been given to 

out producing a hemoglobin response and its administration en 

it has been found that copper alone will then produce rapid hemOo ^ 

•From the Department of Internal Medicine, State Universitj of loiva C 
Iowa City. 
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wation by aiding in the utilization of the iron previously stored.® The results 
in chronic anemia in dogs have hcen similar but less consistent than those ob- 
served in rats.®' ® 

The clinical reports on the use of copper and iron in the treatment of anemia 
arc conflicting. An increase in the hemoglobin of infants has been reported 
following the use of 25 mg. of iron and 1 mg. of copper daily, and in severe 
nutritional anemia the hemoglobin response has been rapid. AVhen the same 
amount of iron was administered alone, the response was less satisfactory.*’ ” 
This combination of copper and iron not only has been more effective than iron 
alone in raising the hemoglobin level hut also has caused a greater gain in weight 
and lessened the incidence of infections among infants.'" In adults the admin- 
istration of copper and iron has been reported to he effective in “secondary 
anemia,’"' idiopathic hyiiocliromie anemia," and in anemia which accompanies 
the therapeutic use of malaria." Other reports have indicated that the addition 
of copper to an inorganic iron salt was not necessary,’* and in a study of a 
group of college women iron alone produced as good results as did the com- 
liination of iron and eopper." It has been assumed in the cases in wliich iron 
a one has produced a satisfactory response that citlicr tliere was no copper do- 
ciency or fhore was sufRciont copper obtained from the food or ns a contam- 
inaiit of the inorgaiiie iron salt. 


^ n a previous report'” concerning the effect of copper on iron metabolism 
® ai u t patients witli hjpocliromic anemia, it was sliown that the addition of 
jpper sulfate to a relatively small dose of iron and ammonium citrates (217 
rcta' "it per day) led to a diminution in the amount of iron 

the liemoglobin regeneration was active in spite of 

immished iron retention. In two other patients receiving larger amounts 
lion of ^^B'onium citrates (426 and 517 mg. of iron per day) the addi- 
I I'utionlsT^^* sulfate did not influence tlie retention of iron. In hotli groups of 
' Blaiajj ’’Cgeneration was active regardless of tlic amount of iron 

viitt ; ' ’ ® neither group was tlie increase more rapid tlian that obtained 

. "uu iron alone. 

plobiii' f " "***1™'’*' 1° gsin further information on the effect of copper on hemo- 
• 'fleeted fo™ PBliRnts with mild grades of hypochromic anemia were 

' '“Jilovees"^ females and all were nurses, students, or hospital 

° cooperate and who could he depended upon to tahe the 
' '^™Ppod f Obc patient was found to have menorrhagia and was 

' Thc°”t and others dropped out after the first and second pc- 

1 Spring the fi" ^ divided into three periods, each of sbi weeks’ duration, 

f period tlie patients received 0.5 Gm (7.5 grains) of iron and 

''' oi ■ daily. During the second period they received the same 

|i copper sulfate, and during the third period the copper was 

1 IT..,* of iron and ammonium citrates was increased to 1 Gm, 

Patiptii^ ^^^I’niinations •u’ere made at approximately two-week intervals 


Hem rti • ^ 

^Pniatociit° by tbe Newcomer method, erythrocyte counts, 

patients were made at appi’oximately two-week intervals 

II*- ' for the initial readings, only the liemoglobin values are 
^^^^^inication, since these present the essential information. 


’ supplied in gelatin capsules. 
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RESULTS 

Period I. Iron and ammonium citrates 0.5 Gm. per daj' (approximately 
85 mg. of elemental iron). At the onset of therapy the blood hemoglobin valno.^ 
ranged from S.46 to 11.57 Gm. per 100 e.c., Math an average of 9.88 Gni. for 
the 19 patients. Following the administration of iron for forty-two days, tlic 
average gain in hemoglobin per patient was 0.41 Gm. The gain or loss for 
each patient is shown in Table I. The greatest increase in hemoglobin was 


Table I 


Initial Blood Values and Hemoglobin Ee.ading at the End of Each of Three rEEiiws 
With iNcnEASE or Decrease During That Period 



INITIAL 

BLOOD VALUES 

period i 

period II 

pEniim ill 

CASE 

R.B.C. 

HEJfAT. 

HB. 

HB. 

INCREASE 

HB. 

INCREASE 

HB. 

rxcKf.AM 


.MILLIONS 

% 

GM. 

GM. 

GM. 

GM. 

GM. 

GM. 

GlI. 

1 

4.05 

34 

9.32 

10.07 

+0.75 





2 

4.19 

33 

9.62 

9.62 






3 

4.34 

34 

10.37 

10.52 

+0.15 





4 

4.88 

34 

8.46 

9.02 






5 

4,17 

37 

10.37 , 

10.94 


10.94 

0 



6 

3.61 

34 

9.47 

9.92 

+0.45 

9..32 

-0.60 




4.91 

40 

11.57 

11.15 


11.57 





4.44 

35 

11.30 

11.78 


11.99 

KiiE il 




4.35 

37 

10.52 

10.73 

BSihH 

11.15 

K£E H 



KH 

3.62 

34 

8.90 

10.07 

+1.17 

10.37 



4li4 

mxM 

4.07 

36 

10.37 

11.57 


11.36 



0 


4.08 

35 

10.52 

10.73 

+0.21 

10.94 

KES IB 


+1.0.5 


3.65 

35 

10.22 

10.22 

0 

10.07 


11.10 

0 

14 

3.95 

34 

8.80 

9.62 


10.37 

+0.70 

10.3 « 

+0.4.i 

15 

4.57 

32 

8.C8 

8.90 

+0.22 

9.77 



.10.21 

16 

3.67 

35 

9.92 

9.92 


10.52 



+0.42 

17 

3.82 

37 

10.22 

10.07 


10.52 

+u.tto 


0 

IS 

4.80 

38 

10.07 

11.36 

+1.29 


HSfi S 


+1.71 

19 

4.22 

40 

9.02 

9.47 

+0.45 

10.07 




Average gain 

+0.415 


+o.2sa 

— - — 



found in Case 11, who had an initial hemoglobin value of 10.37 Gm. an 
the six-xvoek period shoived a gain of 1.2 Gm. In 3 patients piere 

16) there xvas no hemoglobin increase, and in 2 patients (Cases i 
xvas a decrease in spite of this therapy. This slow and ineonsi.sten 
increase cannot he considered as a satisfactory^ response to an an i aR ^ 
edy, but this small dose of medicinal iron was purposely chosen so 
sponse w’oiild not be adequate. It was felt that if copper was o l,£. 

creasing the effectiveness of inorganic iron in hemoglobin formation,^ 
manifest bj' an increased rate of regeneration wdien the copper pio 

a small dose of iron. By using an amount of iron too small to e 
beneficial effects of copper w'oiild not be masked by tlie rapid mere, 
witli large doses of iron. g of 

Period II. Iron and ammonium citrates 0.5 Gm. per day P ' 
copper as copper sulfate (ratio of Pe to Cn 28:1). Four patien pic sccoini 
treatment after the first peiiod, leaving 15 under observation aveiT?^ 

period. The hemoglobin values ranged from 9.47 to 11.78 ^ arera"*^ 

of 10.43 for the 15 patients. During this period of six weDis i _< 
in hemoglobin was 0.23 Gm. Tlie greatest increase was m .wd 

of 0.87 Gm. In one patient (Case 5) tbei’e was no increase n 
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in 4 patients (Cases 6, 11, 13, and IS) there rvas a decrease. In 6 patients 
the hemogloliin increase was more rapid w’ith copper and iron tlian it had 
heenivith iron .alone; in one patient it was the same; but in the other S patients 
it gained more rapidly before the addition of copper. The average hemoglobin 
increase was lower than that obtained with the same amount of iron alone, so 
that the addition of copper did not appreciably increase the effectiveness of in- 
org,anic iron. The average hemoglobin level at the onset of treatment with 
copper and iron was slightly higher than Avhen iron alone was started ( 10.43 
Gm. as compared to 9.8S Gm.), but this is not great enough to make an appre- 
ciable difference. 


Period III. Iron and ammonium citrates, 1 Gm. daily (appro-vimately 
no mg. of elemental iron) ivithout copper sulfate. Nine patients were followed 
through the third period and received twice tlie amount of iron previously ad- 
ministered. The blood hemoglobin values at the start of the period ranged from 
9.77 to 11.36 mg., with an average of 10.50 Gm. The average gain in hemoglobin 
per patient for this six-week period was 0.34 Gm. The greatest gain was 1.71 
m, in Case 19. Three patients failed to gain (Cases 12, 14, and 18), and one 
(Case 11) showed a decrease. The average hemoglobin increase was greater than 
at obtained with half the amount of iron plus copper sulfate and shows that 
6 patients still have the ability to respond Avhen iron is available in sufficient 
amounts. 


^ thus been our experience with iron therapy that (in patients with mild 
sS 4 '' hemoglobin regeneration is reached and thereafter there is a 
o top in tVie hemoglobin level even though the iron is continued. In this 
^ mip 0 9 patients such a peak was reached before the end of the period { in 
tioh' subsequent drop in hemoglobin occurred. Had the hemo- 

Ihe 6111^7 '^B.lculated from the highest level rather tlmn the rending at 
itvcrage gain would have been 0.54 Gm. rather than 


rated to Sreater hemoglobin increase during period III as com- 

dutiua ° n might be due to the copper which was stored in the body 
weeks rather than to the increased .amount of iron 
plobinlev*^! ’ ™ another group of 12 patients with a similar hemo- 

iton and ^ started immediately on 1 Gm. of 

bcmo"lo6,°™]*°':''''" PW day, there ivas an average gain of 1.29 Gm. of 

'aided in"*) weeks’ period. This is still greater than tlie gain re- 

'dect Was d'^ ^ Patients during period III and indicates that the increased 
increased amount of iron rather than to the previouslv 

■'"'ted copper. 


SUMMARY 

">c effectiv?'^'™ copper sulfate to an inorganic iron salt did not increase 
"> the adult ™ hemoglobin regeneration in mild hj'pochromic anemias 


<» Y biological Significance of Copper anil Its Relation to Iron Metab- 

‘ li ^v!. i 471, 1935. 

519 ^ ioso Metabolism ami tlic Influence of Copper, J. Riol. Cliem. 
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IODINE ABSORPTION BY THE SERUM OF EPILEPTIC PATIENTS ON 

BROMIDE THERAPY^ 


B 


Irving C. Sherman, M.D., and Alex J. Arieff, 3I.D., Chicago, Iil. 

ECAUSE of the differences of opinion in the literature we Mere 
to investigate the iodine absorption values of the serum in a 
leptic patients on sodium bromide therapj^. An effort was made to e 
whether the bromide caused any saturation of the unsaturafed fatt} act 
serum, and hence he a possible explanation of tlie common 
eruptions on bromide medication. The iodine absorption value jj,!; 

with the level of serum bromide. Cholesterol studies were al-so 
group of patients. _ p^jer- 

Diiring their studies on the nature of serum antitrypsin, jq ihe 

sen' showed that the ferment-inhibiting properties of the fl*^* 

presence of compounds of tlie nnsaturated fatty acids. Thej a to 

the iodine absorption value of a serum treated with to fi'*^ 


almost one-fifth of its original value — an effect which ^vliich 

liberation of small amounts of free iodine from the potassium lo that 

then saturate the nnsaturated carbon bonds. Purtfiermoze, tiej g],ows fh^* 
the influence of iodine in removing the inhibiting action o sen pj-om 

the inhibiting agents belong to the unsaturated group o a j 

•From the Department of Nervous and Mental Diseases, Northve 
School. The Minnie Frances Kleman Memorial Fund. 

Received for publication, January 12, 1940. 



SHESiliX-AKIEIT : IODINE .ABSORPTION BV SERUM OF EPILEPTIC PATIENTS 


837 


this TOs evolved the following explanation for the cause of acne in patients on 
bromide and iodide therapy. It tvas suggested that the bromine and iodine 
radical neutralize the unsaturated fatty acid antitryptic effect. This allows the 
proteolytic ferment to produce proteotoxins and thus produce the skin eruptions. 

Subsequent to this Burr and Burr' ohserved that young rats restricted to 
fat-free diets do not thrive and develop sealiness of tlie skin and tail, which 
could be prevented or alleviated by adding unsaturated fatty acids to the diet. 
Iliey used liiioleie or linolenie acid and termed them “essential fatty acids” 
because of this ability. In 1933 Hansen® investigated the significance of the un- 
saturated fatty acids in cases of infantile eczema. He showed that in 21 determi- 
nations on 10 infants with eczema the amount of iodine absorbed per 100 c.c. 
of scrum ranged between 2S0 and 487, with an average of 3S3 mg. per 100 c.c. 
of scrum. In 18 determinations on 16 control infants the amount of iodine 
absorbed per 100 c.c. of serum ranged between 460 and 711, with an average 
of 639 mg, per poo e.e. of serum. The average iodine number of the serum fatty 
acids in the eczema group was 84, and in the control gi'oup was 111. He con- 
chulcd that the serum fatty acids arc more saturated in cases of infantile eczema 
dian in control infants. He“ also reported that in infants with intractable 
eczema clinical improvement was shown when oils rich in uns.aturated fatty acids 
"cfr administered internally for various lengths of time. This was associated 
a rise to normal of the iodine numbers of the serum lipids. This could not 
e confiimed by Faber and Roberts,® who could find no difference between the 
ence of recovery for patients treated this way and tliose subjected to the 
jua thcrapoutie procedures. Taub and Zakon,* working on a small series 
cases of atopic dermatitis (neurodermatitis), concluded tliat some patients 
off after taking raw linseed oil internally, 
ooit ”, one who confirms Hansen’s opinion. He reported 

a lar ^ results when oils rich in unsaturated fatty acids were given to 
V patients with chronic eczema. This was again denied in 1937 

at the and Ioh,< who could find no characteristic abnormality 

feedino^™*! patients treated, or that any specific benefit arises from 

“ ’ patients oils containing highly unsaturated fatty acids. 


aMoivedto the morning on a fasting stomach. The blood -was 

c'^ttacted serum was removed. One cubic centimeter of serum was 

alcohol and one part ether. ^Vhen cooled, it was 
lor Die of 50 e.e. Ten cubic centimeters of this extract were used 

according to Bloor’s oxidative method. Tlie 
he extract was used for the determination of amount of iodine 
00 C.C. of serum. The blood bromide values were determined in 
"'drie method^ ^ *^lood specimen drawn on the same day by the AYuth colori- 

^dhod absorption value of tlie serum was determined by the micro- 

y ^^^^huind and Kuhnhenu, as modified hv Page, Pasternack, and 
was used except that 0.01 N thiosulfate was used 

number of milligrams of iodine absorbed per 100 


(after 


correcting for the cholesterol factor) as being quite indica- 
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tive of the iodine inimber of the total imsaturated fatty acids. We believed ibis 
tenable because practically the only substances in the serum that will absorb 
iodine are unsaturated fatt^y acids and cholesterol. In addition, the aleohol-etber 
mixture extracts only lipoids. Since the amount of iodine absorbed by the 
cholesterol was deducted in the foi'mula, it is correct to say that N equals tk 
number of grains of iodine absorbed by the unsaturated fatty acids in 100 c.e, 
of serum. It has been shown in the work of Hansen and Boyd“’ that tbe fatty 
acids are fairlj' constant in amount in different individuals. In Hansen’s 
infants there was practically no difference in the fatty acid content of tk 
serum regardless of whether thej' had eczema. Hansen ’s work clearly indicates 
that N parallels the iodine number of the fatty acids. We feel justified, there- 
fore, in considering N as lieing indicative of the degree of unsaturation of the 
fatty acids in the serum. This made it possible to avoid tbe long and com- 
plicated procedure of actually measuring the quantity of fatty acids. 

The figures for N represent the number of milligi’ams of iodine absorbed 
b.v the fatty acids in 100 c.c. of serum, i.e., exclusive of the cholesterol. 
are not exactly comparable to those quoted from Hansen because he gave values 
for the amount of iodine absorbed by both cholesterol and fatty acids. 


RESULTS 

I. Cholesterol Values . — Cholesterol values were determined in '15 
on 41 epileptic persons, divided into two groups : (1) those who had not s a e 
taking sodium bromide, or whose blood bromide was too low to be estwu e . 
(2) those who had a measurable amount of bromide in the blood. 


Group I — 11 determinations. 

The range of cholesterol was from 171 to 294 mg. per 100 c.c. of 
avei'age value was 209. These limits are reasonably close to the norma e 
terol range of 160 to 250 mg. per 100 c.c. of serum. 

Group 11 — 34 determinations. , 

The range of cholesterol was from 132 to 368 mg. per 100 c.c. o^^^ 
The average value was 203. There were only 8 determinations 
2 of them were on a patient with hypothyroidism. There was no 
alteration in the serum cholesterol values of epileptic persons on 

bromide therapy. _ .7 TheP^- 

77. Relationship of Cholesterol Vahtes to Blood Bromide here 
tients were grouped into four classes according to the blood bronn 
cholesterol values in each group were averaged with the following re 

Average Cholesterol in this 
240 (6 cases) 

230 (15 cases) 

240 (8 eases) 

204 (5 cases) 

These data indicate that the lev'el of bromide in the blood bad^ gocliuiu 
effect upon the cholesterol value. The group from 251 to 30 . 
bromide per 100 c.c. serum had a lower average cholesterol t lan 
was well within normal limits and is, therefore, not significant. 

in. Relationship of Acne to Blood Bromide and Cho es e jp^gpendco' 
survey of Table I shows distinctly that the severity of the acne 


Blood Bromide Bauge 
75 to 150 
131 to 200 
201 to 250 
251 to .300-r 
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of Ihc blood bromide level. In those patients who have mild acne or seborrheic 
skin prior to bromide medication it was noticed that the bromide nsually caused 
an exacerbation of the skin lesions. This was independent of tlio quantity of 
bromide ingested or of tlie level to which the blood bromide had lieen elevated. 
It was also noted that the age of this susceptible group was roughly in the adoles- 
cent and postadolescent period. 

Table I 

Mean iodine value is 508: inoctinn iodine value is 527. 



39 

5i7 

200 

250 

++f 

Same case as 

27 





No. 1. 

520 

100 

250 

+ 

Re. 

15 

608 

190 

297 

+ 

R.X. 


507 

105 

180 

0 

LR. 

35 

503 

275 

193 

+H- 

F.R. 


495 

190 

272 

0 

F.R. 


489 

2G0 

227 

0 

F.R. 


467 

250 

308 

0 

LR. 


464 

110 

234 

0 

F.R. 


464 

220 

188 

+ 

F.R. 


457 

100 

227 

0 

R.X. 


438 

135 

321 

+ 

I.R. 


.397 

110 

208 

0 

F.R. 


394 

0 

171 

++ 

— 


371 

100 

132 

++ 

R.X. 


362 

100 

210 

0 

F.R. 


330 

300 

208 

0 

F.R. 

17 

21 

314 

170 

182 

+f 

R.X. 

277 

lOS 

235 

300+ 

150 

184 

-H- 

+++ 

Same as No. 30. 

R.X. 


'I'desterolin'ti^^L?*'^''*' u® relationship between the amount of 

'“'•i four gron severity of the acne. The patients were classified 

'’'oe for paei, to the severity of the acne. The average cholesterol 

" Sroup is indicated below ; 


Acne 

^ (^’o acne) 
+ (MiM) 

■H (Moderate) 

(SeT«»po\ 


Average Cholesterol 
234 (13 cases) 
242 (IG cases) 
200 (8 cases) 

203 (5 cases) 
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From lliesc diitn 1))e7-e appcju's to l)c sojiie difference betweeii fte t«o 
extremes of no aenc and acne. This difL’ercncc is of no significance dim- 
eally, since liolh extremes arc in the normal range. 

71 . lirhiliniisliip of Iodine Ahsorpiion to ihe Blood Bromide Level— hU 
patients l!ic iodine absorption value of the fatly acids of the sernm was measured 
on ilic same specimer; of Wood ft.s was the blood bi'ornide. These patients hsi 
been on sodium bromide for vai’ving jicriods of time and their blood bromide 
levels varied from -75 to 300+ mg. of sodium bromide per 100 c.c. of serum. 
One can sec that there is very little relationship heUveen the amount of iodiae 
absorbed by the fatty acids in 100 c.c. of scrum and the blood bromide level. A 
pei'u.sal of Table I j-oveals a j'angc of iodine valnc.s from 698 down to lOS. The 
blood Irromide values ranged from -75 to 300+. In only very occasional instances 
was a high iodine value correlated witii a low blood bromide value. There were 
many more instances in which such a correlation did not exist. 

1*. BchilionsJiip of Iodine Ahsorpiion Value io the Presence of Acnt— 
A general survey of Table I shows that there arc eases of acne distributed over 
the whole range of iodine alxsorption values from lOS to 698. Tiiis would, ft®' 
fore, aj)pear to yield a negative result. That is to say, it is not probable that the 
bromide taken orallv serves to .saturate anv unsaturated fatty acids and thus 


inactivate the antitryi)tic ferments. However, if one derives an average 


iodine 


ab.sorptioii value (508), it is apparent that thei’c are IS cases of acneabo7e^ is 
average and only 8 cases below. This would seem to indicate that there u a 
general tendency for acne to occur more readily in patients with a 
absorption value tlian in tliose with a low value. In other words, it appeal's 
the higher the level of unsaturated fatty acids the easier it is for ft 
Tin's is exactly opjjosed to llie original theory of Johling and Petersen. 

Table I shows that there are 20 jratients in the scale above the 
absorption value and 17 below the average. Of the 20 above the 
are 13 under 30 years of age and 8 under 20 years of age, the gj 

27 years. Of the 17 below the average there are 12 under 30 years 
,9 under 20 years of age, the average age being 26 years. There 
stated that the general tendency for greater prevalence of jn ages 

witli higher iodine absorption values is not determined by the di eien 
of the two groups. _ . 

F7. Rclafmiship of Iodine Absorption Values io BcAmssions 
sions . — In this gi’oup of patients 31 were followed and classi e nc 

response to treatment. _ mission over 

1. Initial Remission. There were four patients who had jjg,iTahie 
six months of all spells at the onset of treatment. The iodine a s 

. ranged from 438 to 533, with an average of 486. .emission of 

2. Final Remission. Fourteen patients eventually had a 33 O 

spells lasting six months or more. The I’ange of ioduie absoip ion 

to 692, with an average of 504. , improvem®' 

3. Remissions and Exacerbations. Eleven patients „i*ernating 

by remissions of all spells for periods of two to three mon ’ jOgto 

exacerbations of spells. The range of iodine absorption 

660, with an average value of 484. 
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4. EccalcHrant. In this group of two patients no improvement occurred. 
: The iodine absorption values were 661 and 526, with an average of 593. The 
sroup was too small to be of significance. 

The values in the first tlireo groups arc too close to ho of anj- significance. 
..' There is no correlation hetween iodine absorption value and response to therapy 
vith sodium bromide. 

SUMMARY AND CONCLUSIONS 


1. The cholesterol values in 41 patients with epilepsy revealed no significant 
:■ deviation from normal prior to or during therapy witli sodium bromide, 
t 2. There was no correlation between the blood bromide level and serum 
r cholesterol in patients on bromide therapy. 

3. Acne may occur in patients on bromide therapy regardless of the blood 
bromide level or serum cholesterol level. Those patients witli acneic or seborrheic 
skin v\erc more prone to an exacerbation of their skin lesions. 

4. The iodine absorption value found in our study ranged from 108 to 698, 
■ with an average of 508. There was no significant relationship between the blood 

. . bromide level and the amount of iodine absorbed by tlic blood serum. 

5. There was no definite correlation between the iodine absorption value 
.1 >IM the presence or severity of acne. IVc did not find that tlie acne of epileptic 

patients on bromide therapy was associated with a low level of unsaturation of 
. , fatty acids. 

f " u response to treatment witli sodium bromide was not dependent on 
^:t"t iodine absorption value of the blood. 
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THE STUDY OF ACETYLCHOLINE IN URINE 


jMiiia.ilo ]\Iatanovitch, M.D., Sc.D., Phoenix, Ariz. 

A cetylcholine is an or"ainc iiitvogcnous substance found physio- 
logically in very small amounts in every body cell. It acts as a chemical 
transmitter of nervous im]nilses from the motor nerve endings to the muscle end 
plates. 

Elliot was the first to suggest that automatic nerves transmit their impulse 
at their nerve endings hy releasing some specific chemical substance, andLoem 
later showed that parasympathetic cITeets are transmitted by release of acetjl- 
eholine. It was found that two chief specific substances were liberated hy d'S 
nerve fibers; acetylcholine (unstable ester of choline) and an adrcnalin-lfe 
compound. 

Sir Henry Dale called the nerve fibers that liberate the adrenaline-like ro® 
pound at their terminals “adrenergic” and those that liberate the acefjicho ne. v 

“cholinergic.” Cholinergic fibers arc (1) preganglionic fibers of the iiholes) in 
pathetic system, (2) postganglionic fibers of the parasympathetic system, an ^ 
(3) motor fibers of the voluntary muscle. 

"When a preganglionic impulse arrives at tiie synapse, very small 
of acetylcholine arc liberated to play an important part in transinittinH 
impulse to the autonomic ganglionic cell and to influence the action o 
muscle and gland cells. Fcldbcrg and Dale demonstrated that ^ 

ganglionic fibers of the true sympathetic system transmit their effects ^ 
of acetylcholine. Dale thinks that the action of acetylcholine 
effector cells and not on the nerve endings. It seems that the transnii 
stance is held inactive and is released when the nerve impulse aim os. 

Ergehart (1931) showed that this depot of the that it \ 

depends for its maintenance on the integrity of the nerve ■' 

disappears or becomes depleted Avhen the nerve fibers start to 

Mott and Halliburton were unable to find the choline or its hio- . 

in urine with their chemical method. Guggenheim and Loefflei esc ^ , 

logical method by which they’^ were able to extract acetylcho me that i 

the smallest negligible amounts. After numerous experiments ley 
a 1 -.1,000,000,000 solution of synthetic acetylcholine will amount 

peristaltic movements on the small intestine of a guinea pig, un 0 , 000.001 iV 

of urine necessary to produce same minimal peristalsis shoiil con 
mg. acetylcholine. _ ^^-ere col-yt] , 

Method . — Prom a twenty-four-hour urine specimen 2 c.c. o anti 

lected, evaporated, treated with alcohol and aeetylchloii e, n 
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finally diluted up to an amount of 100 c.c. This solution was then examined in 
very small increasing amounts on the small intestine of a guinea pig, and the 
slightest peristaltic movement was earefully recorded. 



O.ZCtA' O.SCM^ 0.1 CM^ACETyutHOUNE SOI-. 


Fig. 1. — Bronchopneumonia. 



0,3C.M* O.SCM^ O.ltw^ hCETYUtnotlNE SOt. 


Fig. 2. — Locomotor ataxia. 



^ ^ ^ Myasthenia gravis (after treatment with prostigmlne). 

^^^timeters of urine were collected from a twenty-four-hour 
I/v''';..lran.sfonn 1 treated by the above-mentioned method. Choline was 

'icetylcholine, neutralized, diluted to 100 c.c., and the resulting 
intestine of the guinea pig (Fig. 1). Two-tenths cubic 
fll ‘ /'"laUoh r ° did not record any peristaltic movement; 0.3 c.c. of the 

n^inimal peristalsis; 0.5 c.c. of the solution recorded strong 
of ac4vl h acetylcholine solution that contains 0.000.001 

s 1^ accorded the same peristaltic movements as 0.3 c.c. of the 
1 contains the same amount of 0.000.001 mg. of aeetyl- 

C'vhole amount (100 c.c.) of the examining solution contains 2^5121 

0.3 
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or 0.00033 mg. of acetylcholine. As 100 c.c. of the examining solution ivas pre- 
pared from 2 c.c. of a tiventy-fonr-honr nrine specimen (800 c.c.), the amount of 

acetylcholine in the whole daily specimen will he: 0.0003 = 0.132 mg 

It 

j\Iaking a study with the foregoing method, I extracted choline in the fom 
of acetylcholine from the urine of 120 patients. In patients suffering fron 
nephritis, arteriosclerosis, and vitium cordis, acetylcholine was found in verj 
small amounts in urine. In five patients with myasthenia gravis treated mitli 
prostigmine, acetylcholine was eliminated in urine in very negligible amoimfs 
(0.016 to 0.100 mg.). 

It was very interesting to find that choline and acetylcholine were eliminated 
in larger amounts in the urine of patients suffering from parasyphilitie diseases 
of the brain and spinal cord. In six persons with locomotor ataxia and one 
■with general paresis with jiositivc Wassermann test, acetylcholine was found 
in urine in very large amounts. In three patients with myasthenia gi-avis acetjl- 
choline was eliminated in urine in .surprisingly large amounts of 0.3a0 mg., 
0.450 mg., and 0.500 mg. (in a twenty-four-hour urine specimen). 

CONCLUSION 

From my ex)icrimcnts it is evident that choline and its unstable est^ 
“acetylcholine” stored in the nerve fibers become depleted and are 
in the urine in unusually large amounts in patients suffering from parasjpn 
diseases of the brain and spinal cord. 

It seems that in myasthenia gravis accelerated destructive action of e o 
esterase is inhibited by the administration of prostigmine and t le e mn 
of the substance in the urine is greatly decreased. 
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CHOLINESTERASE DETERMINATIONS' 


Round C. Hawes, B.S., and Gordon A. Aisles, Ph.D., Los Angeles, Calif. 


methods have heen proposed and u.sed for tlie estimation of the 
* ' cholinesterase content of blood or tissues. Their varictj' has resulted from 
most investigators in the field making an arbitrarj' ehoiee with regard to one or 
more of the several variables that affect cholinesterase activity. The methods 
iall into two classes, depending upon whether bio-assay is used to measure 
residual acetylcholine after enzyme action has occurred, or whether the acetic 
^ acid produced is estimated by a suitable chemical method. 

The two classes of methods differ in some important respects. The bio- 
assaj methods are usually carried out at low substrate concentrations, the reac- 
hon periods are short (often only a few seconds), the methods are laborious, 
' ilre precision of estimation of extent of hydrolysis per unit time is low. 
oncicr, bio-assay methods may provide the nearest laboratory approach to 
pi; of enzyme kinetics under physiologic conditions. The chemical 

mt 0 s are limited by their relative insensitivity to use of high substrate con- 
sul oapable of much greater precision. The flexibility and 

5 '' ohemieal methods encouraged us to investigate the conditions 

of blood provide a satisfactory measure of the cholinesterase activity 

' Kported''*^^ of the cholinesterase activity of human blood preparations was 
Possessing™ fo show that there are at least two enzymes 

the cells ” * , octivity in blood. One appears in the serum and the other in 
atfdter cci't'w "’“y fto studied with solutions or suspensions of cells 

tholinestc^' washing. The effects of several variables affecting 

jt’" applies tl)e^*° oodmation techniques were also investigated. The present paper 
1 ' indicates *fod'es to the problem of practical use of this type of assay and 

.(uvciil.il ' , mical situations in which cholinesterase determinations have 
, " ‘nlcresting results. 

^ UV6p \Vlf1 

.ji'.rtniofthes ^ of conditions whole blood activity was found to be the 
- '(tivitv ma ^'n^'*** activities of the cell and serum enzymes.^ The cell enzyme 
over that of the serum as the substrate eon- 
The eeU about that at which the enzymes must act in the 

io inhibited by excess acetylcholine substrate, promoted 

solution ^ salt solution, and little affected by pH changes of 

*’^l>'5lrate con ^ enzyme activity increases approximately with the 

raillimolar, and no inhibition is noted at 
inhibited^ serum enzyme has a pH optimum® at about 8.0 

'^Votti ^ by 0.85 per cent sodium chloride concentration. 

for George Piness, M.D., and HiTnan Miller, M.D., Los Angeles, 

publication. January 29. 1940. 
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The influence of suhsli-ate concentration on rate and the inhibition of botli 
enzymes by choline ion make it desirable to perform titrations at high substrate 
concentrations. The standard conditions that have been selected for the pres- 
ent titration method allow it to be readily applied to serunp cell, or whole blood 
samples with a high degree of precision, 

METHOD 

Blood for wliolc blood titrations is di'awn from finger or ear prick inh 
calilrrated 0.2 ml. pipettes and immediately rinsed into 4.8 ml. of water con 
taining 1:100,000 irhcnylmcrcnric acetate as a preservative. It may he stored 
on ice for a week or more bofoi’e testing. For separated serum and celltitra 
lions the technique already de.seribed' is satisfactory, or Wood may he drawii 
as above, rinsed into 4.8 ml. of saline, centrifuged, and the colls washed once 
with saline, then lakcd in water to make 5 ml. The difference in sodium chlo- 
ride content of the two fractioins has only a slight effect on the serum activitv 
(decrease of about 10 per cent). Possibly a better method would be to do ai! 
titrations at a final sodium chloride content of 0.85 per cent, but unfortunately 
the important influence of salts on the enzymes was not recognized before 
had obtained our data on normal values of whole blood, senmi, and cells. 
Since the values obtained can in any ease have only comparative significance 
(see Discussion), it has not .seemed worth wliilc to repeat our w’ork. 

The titration is performed with the aid of a commercial glass eleehodepH 
meter (Beckman model G). A lest tube of 40 ml. capacity placed in a a 
at 37° C., or .iaeketed and warmed with circulating water from a 
serves as the react imr vessel. The contents are stirred by hand wit a 
glass bulb blown on the end of a piece of narrow tubing. The stiuer 
10 ml. of the volume. The electrodes are immersed in the reaction 
to a depth of about one inch and kept there several minutes he ore 
readings in order to bring their contents to temperature jell 

necessary to use an excess of solid potassium chloride in the ca om 
and to rerinse the liquid junction after temperature equilibrium is 
keep the bridge solution saturated tliroughout. It is convenient 
electrodes to the pH meter by means of the special cable wiric i ^ 
Standardized 0.02 normal sodium hydroxide is added as retjuive 
burette Avith a capillary tip immersed in the reaction solution, 
molar acetylcholine solution is used Avhich contains 5.46 Gin. o jfjditioi) 
iodide in a liter of distilled water and is adjusted to pH 4. y darki''*' 
of 0.1 normal hydrochloric acid. This stock solution is kept ^ 
tightly stoppered pyrex flask and is stable for three months sohitio" 

The enzyme solution (5 ml.) and the acetylcholine k 

(20 ml.), separately rvarmed, are mixed in the reaction by siiiah- 

pH 7.40. The burette is read and the pH is kept within • qj qj. 0.2 ' 

additions of standardized alkali. The time required foi be conds'’* ■ 

increment of alkali is recorded to the nearest second. T lese s gstimafio”... 
within the reading errors. After about ten minutes the pieci 
should be better than ±2 per cent. 
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The amount of alkali used per twenty minutes' is calculated, and a blank 
; of 0.0S5 ml. is subtracted from this value to allow for the alkaline hydrolysis. 
’ The result is corrected for any pipette error to obtain the index of activity 
• or "rate.” 

NORMAL VALUES 

These data have been presented previonslj ’'’ ' and are collected here for 
convenient reference. In Tables I and II arc shown the results of a number of 
indindual determinations made on normal persons, s being the estimate of the 
standard deviation of their distribution.’' The data of Table I are grouped to 
‘ permit an analysis of age or sex differences, and it is to be noted that no 
' significant age or sex differences were found. In Talile II repeated determi- 
. nations on four normal persons are tabulated, and the data show that change 
of enzjme in a single person with time is confined to a range of variation only 
. one-third of the variation from person to person. 

In Table III is shown the distribution of enzyme of whole blood into serum 
»n cell fractions and the ratio of serum to whole blood enzjnne activities. 


r DISCUSSION 

i' in important than the method itself are two questions regard- 

I le^t which may be obtained: first, when may they be expected to 

' •ltem°t^ what signifieance can be attributed to them? As an 

'■ lilerat* ° qt'Dstion, we have appended a summary of the 

^inlercl'^^ blood cholinesterase determinations of clinical and physiologic 
' ilitre at'" present knowledge of these enzymes. For the second, 

^ ' iiis resuhs'm*"'" assist the clinician in deciding what 

'’ .interpre^tt'^^'^ *'**'*’ technique and knowledge do not permit physiologic 

'■’Kknoim't"" results of blood or blood fraction assay. Other tissues 
( and acetvl h active enzymes, which have not been clearly characterized, 

/'■ 'sterase ph s' T" diffusible. The only study of acetylcholine-cholin- 

i' "t critical with which we are acquainted that seems reasonably free 

if' “iilitions ivhh'''"" Glick,' who worked, over a considerable range of 

condnsio from the superior cervical ganglion of the cat and confined 

j-i' taied on a'c"^ organ. Significance of results must, therefore, be 

the " normal values, or with a normal level established 

if* for th desired to evaluate the results of therapy, 

(i* *'halions '^“mpDi'ison it has seemed to us that whole blood 

,)1)’ ““r conditiouj tbe same utility as blood fraction titrations. Under 

Mood value ^Th*" contributes nearly the same share of the whole 

seems nc. probability of encountering compensatory changes in both 
of considerable differences in their be- 

5'<' second independence. 

of consideration is occasioned by the relatively wide 

ji' ■ ^^tremes in others, found in ostensibly normal persons. 

o, 5 qq found in about 100 assays of normal whole bloods 

■ If the rates are normally distributed about a mean of 
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Tabm; 1 

Titrations op Normal Persons 


PERSON 

AGE 

r.ATE 

PER.S0N 

AGE 

RATE 

E. V. 

14 

0.501 

V. K. 

20 

0.792 




M. K. 

26 





JI. A. 

32 

mi 

B. W. 

,14 

0.947 

C. F. 

24 

0.716 

C. B. 

29 

0.840 

L. F. 

23 


G. G. 

24 

0.G70 

P.G. 

22 


B. IV. 

30 

0.821 

F.B. 

25 

0.633 

D.P. 

23 

0.700 

B.L. 

24 


Mean of p^roup 

9.797 



G. A. 

30 

0,780 




ir. U. 

40 

0,902 

E.J. 

38 

0.7U 

G.P. 

40 

0.870 

G. IV, 

35 

0.895 

P.K. 

30 

0.033 

C. S. 

45 

0.9SG 

P. K. 

35 

0.724 




iNfoan of group 0.7S3 ; 




G.M. 

GO 

0.554 

S.R. 

58 


S. M. 

52 

0.934 

y.B. 

G6 


Mean of males 0.7(U 1 


Me.TR of females 0.772 


s 0.144 1 


s 

0.118 


Mean o£ jiormiils 0.7CG 
s 0.129 


Table II 


Temporal Variatio.v op Enzy.me 


BLEEDINQ 

DATE 

It. W. (.MALE) 

AOE 34 

E, 0. (PEMALE) 
AGE 38 

V, K. (FEMALE) 

AGP. 20 

M. K. (FEDlI^i 
ACE 66 

9/21/3G 

10/ 5/36 


0.73G 

0.785 

0.703 

0.735 

0.763 

0.724 

0.737 

0.803 

0 710 

10/ 0/30 


0.714 

. 0.730 

10/ 7/30 


0.087 

0.838 

10/ 9/30 

0.910 

0.098 

0.825 

10/10/30 

1.000 


0.788 

10/13/30 

0.9CS 

0.810 

0.79.3 

10/20/30 

0.915 

0,705 

0.7C5 

OSU 

10/27/30 

0.981 

0.702 

0.S23 

0 1~0 

11/ 3/36 

0.911 

0.736 

0.754 


11/13/30 

0.931 


0.754 

O.loO 

11/25/30 

0.900 

0.704 

0.803 

0.739 

12/14/36 

12/17/30 

0.905 

0.052 

0.834 

0.711 

1/30/37 

0.994 

0,707 

0.805 

Means 
s values 

0.9409 

0.034 

0.7137 

0.038 

0.7923 

0.048 

0.7479 


Tablf. Ill 

Distribution of Enzyme in Blood 


~ 

SUBJECT 

PROSl 0.2 ML. BLOOD 

SEBUM CELLS 

M'HOLE BLOOD 
0,2 ML. 

ratio 

JERDlOWf® 

0.62 

0.61 

0.56 

0,56 

0.58 

0.51 

050^ 

SERUAr 

CELLS 

"" Males 

G. A. 

H. M. 
C.B. 
G.P. 

Females 

M. K. 

V. K. 
M.B. 


0.30 

0.31 

0.35 

0.36 

0.34 

0.35 

0.28 

0.80 

0.80 

0.83 

0.85 

0.77 

0.77 

0.07 , 

0.79 

0.80 

0.90 

0.84 

0.87 

0.74 

0.S3 

0.65 

~a8r 

Averages 


(/.oo 
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0.76, \rith a standard deviation of 0.13, these limits would be expected to be 
equaled or exceeded about three times in 100 trials. Corresponding range 
limits for one time in 1,000, 100, and 20 ai-e 0.33 to 1.19, 0.42 to 1.10, and 0.50 
to 1.02, respectively. 

These figures enable one to make an estimate of the possible significance 
of a single individual determination. For example, in assays on ten patients 
hospitalized for various conditions (unpublished data obtained through the 
cooperation of Dr. S. R. Baker of the Cedars of Lebanon Hospital, Los Angeles) , 
the three lowest and the two highest values were 0.43 (eoronary artery disease) , 
0.46 (spinal tuberculosis), 0.50 (subacute bacterial endocarditis), 1.04 (rheu- 
matic heart disease), and l.OG (hyperthyroidism). None of these can be con- 
sidered individually significant or of diagnostic value, but they suggest that 
studies of these conditions might be of interest, and, indeed, in tuberculosis 
and in hyperthyroidism significant changes of activity have been demonstrated 
(see below) by comparing the average from a number of persons so afflicted 
"It an aserage for normals. The range of variation of average values to be 
expected is much smaller than that for individual determinations and may be 
mat e as small as is desired by including a sufficient number of individuals in 
aware, there is today no condition known for 
tc "if * f cholinesterases can be expected to give individual 

su s 0 consistent diagnostic value. It appears, however, that the possible 
gnos 10 value of individual determinations has not been explored. 

CHOLINESTERASE IN DISEASE AND OTHER CONDITIONS 

tliolincst''**^^' Necheles'i reviewed much of the literature on blood 

lad been'r*'^ '^slcTiainations and came to the conclusion that a definite change 
•le functio*'^°"^**^^*^^ tuberculosis. However, it appears certain that 

gravis (cholinergic) motor nerves is disturbed in myasthenia 

duces nmml* ” ! found that administration of cholinesterase inhibitors pro- 


oljservc™that ^®"\P®cary relief of the symptoms of the disease. McGeorge” 
coinciilBs -, 1 . ^ period of symptomatic improvement after giving prostigmine 
‘ocs with the period ‘ ‘ 

mined by the Stedman. 


the period of decreased activity of the serum enzyme, as de- 


chlo ‘ i V ciionne esters, including acetylcholine itself (given 

^ ’ produced a delayed, prolonged period of relief, which they 
of the a the utilization of some of the acetylcholine in forma- 

choline precursor in the nervous tissue, since choline ion, with 

large dose ^>P^«duced 

I wtinu M ?^®tylcholine iodide does not alter the activity of cholinesterase 


tound gasometric method. Fraser, McGeorge, and Murphy 

•irge doses of choline 

delayed, prolonged period of relief, which they 
utilization of s 
irsor in the nci 

no such effect. Ingvarsson^* showed that a single 
^'hole iodide does not alter the activity of cholinesterase 

*'io-assay metl ’ ^^i^i'mined by a modification of the Galehr and Plattner^® 
. prodiipo? ‘ Ettinger^® found that in dogs repeated large daily 

r in serum enzyme. 

is a ^^oiii^esterases in the blood of myasthenic persons, 

: **^^*ed condu^* divergence of results. Stedraan and RusselP’ demon- 

is a ^ ^ "when estimated by Stedman’s gasometric method, 
'^•^iintsterase decrease in the serum cholinesterase, while the corpuscle 


se is 


normal in amount, as compared with normal individuals. 
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Fisher’s “I” test’® applied to the difference between the arithmetic averages 
of the values of serum cholinesterase reported for 12 myasthenic and nine 
normal individuals, shows that a difference of this niagnitucle would have been 
obtained by accident only about one time in 50 if myasthenic persons were 
really no different in this respect from normal individuals (our own calcula- 
tion). Two myasthenic persons, followed for a considerable period of time, 
showed a marked drop in blood cell cholinesterase values after spontaneous 
remissions of symptoms. 


McGeorge’s’- observation that in three myasthenic persons the serum 
enzyme, measured by the Stedman titration method, was within the normal 
range, cannot be taken as a contradiction of the results of Stedman and Eus- 
sell, since the values reported by the latter for normal and myasthenic person, 
overlapped. If Stedman and Russell’s figures arc representative, the nuin ei 
of individuals they measured is about as few as could be relied upon F s 
a significant difference. On the other hand, Ricks and JIacIvaj form rei^. 
large increases in serum cholinesterase in three myasthenic persons as co ^ 
pared with 20 normal persons. However, they failed to present ° 

that the reliability aird reproducibilitj' of the bio-assay method v nc . 
used is adequate to demonstrate with certainty differences of 
thej' found, especially since practically' the whole of the 
pended upon differences in the rates of hy’drolysis within the rs ^ 

of mixing the reagents. Furthermore, they used prostigmine to ® .jj^, 

tion after it had proceeded for the desired time intervals, wit ori 
experimental justification for their assumption that the prostignun 
tically' instantaneously'. Easson and Stedman-” have shovn t a 
between this same inhibitor and an enzyme derived from loise sci 
Stedman and Stedman”^ purification method requires seyeia lo ^ 
equilibrium. Matthes”- also indicated that appreciable time Avas 
reach equilibrium in the reaction of escrine with whole blooc . 

Hicks and JIacKay' accounted for the difference betvieen ,vei 

those of Stedman and Russell by' iiointing out that theii jjoweve 

made under different conditions from those of Stedman anc RS p] 

our experiments on the behavior of human serum enzyme vi .gpaijiy w 
and of substrate concentration show that this explanation capable ( 
valid, and that, should the observations of Hicks and i ae ^jj^^gg^erase i 
critical verification, it will be a strong indication that le 
myopathic sera differs qualitativ'ely from that of norma of who 

Corkill and Ennor”® made measurements of the total ^a pgj.soii 

blood of two myasthenic persons as compared with a ° coiicentr 

using a bio-assay method to estimate the residual ace ^ stopped' 

tion after the enzyme had acted for twenty syconc s ^ jjatthes^)- 

the addition of trichloracetic acid (Galehr and Fla ne , Tliis ct 

myasthenic bloods fell well within -normal range o cell 

roborates the findings of Stedman and Russell i< ^ conceiitra''' 

within the normal vange, since the 'V ,,,hich we have 

of acetylcholine ion (approximately 0.0005 molai) 

.Lum Lzyme .contributes but little to the activity of whole 
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Russell anti Steelman^* observed that the serum enzyme was low, in one 
patient with myotonia congenita, while the blood cell enzyme was normal in 
amount. Hicks and MacKay” found five myotonia congenita patients to have 
a low serum enzyme. The figures available so far cannot be considered more 
than suggestive evidence of a changed cholinesterase situation in this condition. 


In hyperthyroidism Antopjol, Tuehman, and Schifrin== have shown that the 
cholinesterase of serum is markedly increased. A group of treated patients 
showed lower values. The same authors" have also published data showing 
scrum values to he lowered in jaundice and biliary disease, and promise data 
showing decreased enzyme activity in several other conditions. They attribute 
the lowered values in jaundice to inhibition by bile salts.“' However, their 
suggestion that the altered serum esterase may' be related to nervous function 
(“sjTnpathicotonicity or vagotonieity”) must be considered at present as 
purely speculative, in view of the fact that no correlation between serum, blood 
cell, and tissue enzyme activity has been demonstrated. The same considera- 
tions apply to the observations of Tod and Jones"’ that the serum enzjmie is 
significantly altered in certain mental states. 


Investigators have been unable to find changes in the cholinesterases in a 
numher of other disease conditions and physiologic states. Altenhurger““ found 
normal values in whole blood or spinal fluid of patients witli epilepsy and with 
arkmsonism, using a bio-assay method. We also found no change in titration 
ynes Under our standard conditions of whole blood in a group of eight Park- 
jnsomsm patients under the care of Dr. E. Ziskind at the Los Angeles General 
ospital (unpublished data). Hall and Lucas“‘ could find no correlation 
eween serum cholinesterase (measured by a modification of the Stedman 
sure and age, sex, weight, exercise, fatigue, diet, blood pres- 
iiicn *'®'^®Slobin, and blood cell counts, or in women during 

the 1 Ptegnaney in 40 normal and 162 hospital patients. Among 

sented^^tr' could find no correlation with the disease repre- 

fived t •' . made a series of measurements of serum enzyme and ar- 
looked* conclusions. Obviously, these investigators may have over- 

clufll 1 alterations in total blood activity, because they did not in- 

activity in their measurements. 

iodivid' unable to find any shift in whole blood enzymes in allergic 

^fe St* asthmatic persons during attacks.’ 

b known effect of exercise upon cholinesterase content of the blood. 

•ionottli'V*'^^ motor nerve mechanism and the reflex vagus inhibi- 

and 't '■esulting from blood pressure rise aet by acetylcholine media- 
eon * unlikely that the increase of metabolism and blood pres- 

'^^olinestera™'^^ 'dolent exercise might be reflected in changes of blood 
'nth out blood cholinesterase activity measurements were made 

''ate whei, ui uiethod before exercise, fifteen minutes after exercise (the 
hout acid is maximal, according to Long and Lupton"), and 

double axercise was brief and sufficiently vigorous to more 
'‘®itofer/ f fates in two normal adult males. No shifts beyond the 
The ( uiethod were found (unpublished). 

'''“linestcras,™!*''^"*^ Manning, Lang, and Hall" on the inhibition of serum 
y eserine are interpreted by them as indicating that the ac- 
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cepted theory wliielx attributes tlie physiologic action of eserine wholly to it 
inhibitory action on cholinesterase may be in error. This cannot be taken h 
prove tlieir point, since Ammon and Yoss^^^ found that the cholinesterases o 
whole blood do not parallel scnvn enzyme in their inhibition by eserine. Era 
if experiments with whole blood enzymes were found to give similar results 
there would be no certainly that the enzyme of the tissues was lihewise affectei! 

Dikshit and hlahaP® demonstrated that the cnzjaues of whole blood an 
markedly affected by infection ivith Ji. jmtis or vaccination with plague vac 
cine, which they intei'pret ns a re.sponse to j:he toxemia and suggest thatitmaj 
account for the muscular weakness of toxemias. They measured the en2ynie! 
both by a bio-assay method at low acetylcholine ion concentrations and by tkt 
Stedman gasomotrie procedure.’" They found themgreement between the te 
methods to be inun-oved by. deerea.sjng the sub.strate concentration in the lattei 
method. From onr work it would appear that this is a reflection of the in 
creasingly predominant activity of the blood cell enzyme at lower snbstrah 
concentrations. The data suggest that the changes they observed were gmki 
for the cell than the serum enzymes. 

Other reports, whose expressed or implied conclusions depend on a par- 
allelism in behavior between .scrum and blood cell or tissue enzymes, are the 
work of Glick and xVntopol'** on inhibition of cholinesterase activity by vitamin 
Bj, and of MinoF'’ on the intlncnec of toxic do.ses of guanidine on dog serum 
cholinesterase. Oovaerts, Cauilnor. and van Dooreiff" concluded that var.rsiig 
degi'ees of iudividnal sensitivity to acclylebolinc were not dependent on differ- 
ences in rate of destruction of the drug, because such differences could not ^ 
found in the plasmas. Ingvarsson’s” study with whole blood makes this coa 
elusion appear more probable, but it should he noted that the con i was 
selected for esterase assay vvorc far removed from those under which the enzj^s 
nets in vivo, and may have imevcnted the detection of significant di 
even if one nssiimcs that destruction in the blood stream is the only ac o 
other thair inequality of response tliat may affect sensitivity. 
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LABORATORY METHODS 


QENERAL 


IMPROVED INTUBATION TUBES FOR INSUFFLATION 
ANESTHESIA IN DOGS* 


V. Browx Scott, Pii.D., ]\I.D., and Hans Rudolph 
Bloomington, Ind. 


S INCE pneumotliorax results in bilateral lung collapse in the dog, intrathoracic 
surgery must be performed under some form of intratraeheal insufflation. 
The simplest method consists of periodic inflation of the lungs hy hloiving air 
ether intratraeheally. A close-fitting intubation tube’ or the introduction o 
a tracheal cannula is, however, required. 

Hamilton, Woodlniry, and Vogt" (1939) advocate, for intrathoracic opera 
tions, an interrui^ted blast of air via a small tracheal catheter. This cat letei 
carries a balloon, inflated through an opening in the catheter above its 
one, which raises the pressure in the trachea during each blast. This me .0 
is said to be an improvement over other methods. „ 

Livingstone and Hrdina'’ (1930) developed a “modified Meltzer appaiajs^^ 
which has been used successfully in their laboratory for many years, ns smi 
apparatus delivers ether air at low pressures (compressed air ^ 
ether “bottle”) to the bifurcation of the dog’s trachea via an \jj,„ 

(No. 16 French). Desired inflation of the lungs is accomplished )} 
the exliaust of gases through. the trachea. This is accomplished bj ^ 

Kunde mask into which the dog’s muzzle is introduced through a 
- in a tight-fitting rubber dam. The other end of the mask (metal can 
openings; one opening allows the passage of the insufflating cathetei, ue^^ 
connected with a tube which leads the exhaust gases into an 8 litei va 
The catheter passes intrabuccally through a metal airway. _ tlioracic 

We have, had occasion to use the above apparatus repeatedl} m m 
operations. The method has proved essentially satisfactory since results 

maintain apnea vagi by moderate distention of the lungs. No un o^y 
of this anesthesia have been encountered, and the motionless thoi ax is ^ 
advantage in these operations. We have found, however, disa 'an 
use of the Kunde mask, flexible catheter, and airway used by huHd 

Hrdina. _ . i,A;pve given most 

Ether anesthesia for most operations in the dog is, we j^oduced intf 
satisfactorily by a tight-fitting metal intubation which is m 

the trachea through the larynx. A set of six twelve-inc 1 - 

% to %6 inches (outside diameter), vdll be satisfactory for = 

^rom the Department of Physiologj'. Indiana University School of Medicm 
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than 20 kg. Such tubes can bo equipped P'illi a beveled tip (to facilitate intuba- 
tion) and nickel or chrome plated. Such a tube connected with an ordinary 
ether “bottle” by a short rubber tube eliminates the bulky Kimde mask and has 
proved entirely satisfactory. Atropine, preoperatively, is unnecessary. 

Satisfactory anesthesia with the metal tnbe.s led us to devise intubation tubes 
which are used for intratracheal insufflation anesthesia and replace the Kunde 
mask, metal airway, and long catheter used by Livingstone and Hrdina. This 
not only eliminates bulky apparatus hut makes intubation much simpler. 



Fig. 1. 

APPARATUS 

tubes (Pig. 1) consist of six nickel-plated brass tubes, 12 
'it, 1/,, (standard seamless brass tubing of outside diameters; '^Vxo, %, 
Ion” smaller tube (%c to Yia inches, outside diameter), 13>/2 

“ ' ’p J, IS fixed inside the larger tube with A (upper end) protruding 
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1 inch ivhile F (lower end) extends % inch lielow the lievcled tip F. The outer 
tube is closed completely about the smaller tube at B. Side tube C is closed 
but D communicates only with the space between the long inner and outer tubes. 
The lower end of the outer tube is fitted witli a beveled tip E (see Fig. 2) which 
leaves an opening between the tubes. A 3 inch rubber tulie G is attached to the 
inside tube F. 



FIk. 2. 


METHOD 

One hour after administration 'of morjiliine sulfate (1 mg. per kilogram) 
the dog is anesthetized with ether. Under deep anesthesia the lower end of the in- 
tubation tulie is introduced through the larynx on inspiraiioii (the tube selecte 
should fit the trachea snugly). The intubation tube is passed caudad so t a 
the tip of rubber tube G lies just above the bifurcation of the trachea. Tn e 
is connected with the compressed air-ether source, and D is connected with t le c-v 
liaust tube leading to tlic water bottle. The dog’s jaws are liound 
the intubation tube, the bandage being cai’ricd around side tubes C an 
prevent slipping. ^ 

By this device an air-ether mixture can be blown down tube .d. undei 
cm. Hg pressure and carried to 1 cm. above the bifurcation of the tiac i 
tube G. Exhaust gases pass betAveen the inner and outer tubes and out 
D. The latter is connected Avith a metal tube Avhich can be to 

regulating the exhaust pressure) to the desired level. Pulmonary i * 
secure apnea vagi can be obtained easily by raising the exhaust 
manipulation alloAvs one to abolish all thoracic movement. Restoration 
tive ’ ’ intrathoracic pre.ssure is accomplished by lung distention at time 
of the thoracotomy. 

SUMMARY 

An intubation tube for use Avith positive pressure apparatus foi 
in dogs undergoing intrathoracic surgei'y, together Avith its me i 
described. 
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A SIMPLE AND COMPACT ERG06RAPII FOB STUDENT USE’ 


6. L. Maison and a. 6. Broeker, St. Louis, Mo. 


'T'HE iiKtrument to be described has several advantages over ergograpbs in 
^ common nse at present. It is readily stored, having over-all dimensions of 
18 by 6i;b by 4 inches. It permits recording ot excursions on drum. It records 
oil an automatic counter the total distance through rvhich force is applied. It 
can be used with unlimited stroke, or the length o£ stroke can be fixed so that 
uniform strokes arc made. Its principal disadvantage is that experiments demon- 
strating the effect of varying the load on muscular ability can be done only if 
several machines o! different inliorent resistance are available for the student to 
use. The considerable variety of experiments wbieli can be performed with fixed 
load make the machine useful despite this disadvantage. 

The Ergorjrapli. — ^Fig. lA sliows a simple sketch of the machine with fingers 
in place ready for use. Note that the muscle used is the citensor diyitorum com- 
iwnis. A consideration ot the anatomy of the forearm and hand will show that 
"fth the metacarpus firmly fixed to the hoard by strap (a in Pig, lA) no other 
muscle can apply force to the work. 


, fiagera are attached to tlie instrument by means of a raviiide Ibong. Fig. l.a 
I’^^^^umeat seen from tiie side (sideboard removed) with the fingers in place in 
ih middle, and ring fingers are inserted. Connection is made from the 

of reire to the furthest point of a metal quarter cirdo (c in Fig. lA and B). 
to a of sheet brass O.OltG inch thick, 2 inches wide, and 4 inches long, bent 

which is soldered a piece of the same sheet brass curved to a 
Itie wire “ inches. The result seen from tlie side is a quarter circle (Fig. ZB). 

drcle ■ ^ at the uppermost end of the curved sheet. The center of the quarter 

ffoter (F'^^ soldered to a brass rod 6 inches long and inch in diameter at about its 
''filled ouf ^orma tlio axis to which force is applied. The ends of this rod are 

project f ° ^ hardened steel rod % inch in diameter which is allowed 

Wer sire*d*^ ^ bearing (Fig. 2Z?), These bear on holes of 

^'‘‘'^'1 and pieces of brass rectangular bar % by % inch which arc re- 

to board of the ergograph. The load factor or resist- 

''^Sifter is tbe axle is supplied by a coiled music wire spring whose lumen 

'me tni} It is slipped over the axle and anchored to the brass quarter circle 

the sr)ri°' hearing plate on the other (d in Fig. IB). Friction between the axle 

'liameter of P^'evented by having the lumen diameter of the spring greater than the 
V'ahwiiVjQ filso by soldering a small brass collar (a in Fig. 2E) to the bearing 

^ the axle fits and on the outside of which the spring tides. The resistance 

^hci.i\fc.] rhS’sioloirj-, St. lrf)ul.'5 Unlver.<?lty School ot Medicine, 

l-t WreoT"?*"’"’ M“vch 6, 1910. 

’ 2 inehia diameter fashioned into a spring of Vi inch inside diameter hav-* 

‘‘ ‘fusion. Which tautened by one fuU tum before being anchored produces about 

, * IS a good resistance for untrained extensor dlgitorum communis muscles. 
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rcie so that tlic foicc i^ill always be applied at a fixed distance from the axis. 



Seen from above^as if lop board were transparent 



The same principle is used in activating the meter to count the number of centi ^ 
through which the force is applied. A small hole is drilled in tlie anterior eud 
curved brass plate and a cord is fixed in this hole (Fig. 2F). The cord runs hac 
under the arm board to a spindle to which it is anchored after several turns. 
is 5 cm. in circumference and 1.5 inches long. It is lield up on one side by a the 

and on the other by the shaft of a Yeeicr rotary ratclict counter (type Ql^) 
spindle is fixed. Each rotation of the spindle will turn the counter tlirough 1 is 

will imply that force has been applied through 5 cm. Thus each unit on the 

0.5 cm. Since turning the axle pulls the cord over an arc at a constant distance 
axis of rotation of the axle, the distance indicated by the counter will be correct. 
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After a movement the axle Tvill be returned to normal position by the spring. The 
cord must be returned by a separate mechanism. This is accomplished by applying a second 
cord to the spindle Tvliicli after several turns passes forward under the arm board to a 
spring wheel (Fig. 2G) which exerts a tension tending to unwind the cord from the spindle. 
Thus when the axle is turned, the cord is wound olT the left side of the spindle, activating 
the counter. Simultaneously, the cord is also wound on the riglit side of the spindle from 
the spring wheel. After the force is released, the spring returns tlie axle to place, freeing 
the axle cord to the spindle. Tlie tension of the spring wheel brings the cord back from 
the spindle onto the wheel and thus returns the axle cord to tlie spindle. The counter is 
prevented from backward rotation by its inherent ratcliet. 




designed to record on drum through air transmission to a tambour 
'Opposite the * hardened steel bearing peg inserted in the shaft on the side 

2i) anj is made long enough to extend % inch beyond the bearing plate (see 

(n m pij, is fixed an eccentric cog % inch in diameter and % inch thick 

anil Il\ fixed to the bearing plate, is a brass trough (l> in 

to its i^ch below the base of the eccentric cog when the axle is 

^^aximum stroke. The trough is i”ch wide. A rubber tube is inserted 
plate a trough. At the posterior end of the trough there is soldered to the 

r^ss rod projection (c in Fig. ZR) upon which the rubber tubing can be 
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fixed so that it is firmly held and prevented from leaking air. The other end of the mhber 
tube is attached to the tambour. In actual use the strokes upon the drum can be icadik 
translated into centimeters of excursion by calibrating the extent of excursion per given 
distance as measured on the counter. 

For certain applications it is desirable to make the ergograph strokes uniform. This 
is readily accomplished by arranging contacts so that a buzzer sounds when the strobe 
reaches a given distance. Fig. 1C shows contacts and buzzer installed. A brass rod % by 
Vt by Vs inch is soldered to the outer edge of one flange of the spring wheel so that it 
projects radially (o in Fig. 1C) . To the undersurface of the arm board there is afilsed a 
metal bar (h) which acts as a base for a swing lever (c) of brass 0.025 by 0.125 by 
4.0 inch. The swing lever is prevented from downward swing by crimping its end behind the 
fulcrum, and prevented from upward swing by a simple spring wire attached to the ful- 
crum. Thus it is held horizontal inch below the undersurface of the sideboard. An 
electric door buzzer (cl) is fixed to one of the sideboards. A dry' cell is connected to one 
pole of the buzzer and to the base of the spring wheel. The second buzzer pole is then 
connected to the swing lever holder. 

When the fingers are extended, the spring wheel is rotated until the projecting contact 
strikes the .swing lever. The circuit is then completed, ringing the buzzer. The subject 
pulls until the buzzer sounds, relaxes, and pulls again, making uniform strokes. If the 
buzzer is disconnected, or if stroke is continued despite the buzzing, nothing prevents the 
wheel from rotating as the spring of the swing lever readily gives. Thus the buzzer can 
be left out of operation by simply disconnecting the battery. 

The advantage of stroke uniformity is that it establishes a neat end point 
to call fatigue. Fatigue can be defined as that condition of the person in ^d^cl 
he cannot make a stroke of this length in the given time interval. 

Some Applications of the Ergograph for Student Use . — 

1. Demonstration of treppe — ^Iniman fatigue curves. 

2. Comparison of work a muscle can do circulated with the work it can do 
when ischemic. 

3. Effect of rate of contractions on total work ability' of muscle, (a) cir 
la ted or (b) ischemic. 

4. Effect of motivation on muscular ability — comparison of vork oi P 
ringing buzzer with work output without buzzer. 

5. Effect of massage on muscular ability'. 

6. Effect of fatigue of other muscles on the Avork of an unused musel ^ 

7. Effect of ischemic Avork on the blood pressure and heart late le 
Alam and Smirk) . 

8. The character and properties of ischemic pain. 'thout the 

(All these experiments except No. 4 can be done AAuth or a 

buzzer.) 

Calculation of the ^Yorh Done on the Ergograph. — The rt- 

AA'hieh the force AA'orks is that of a spring. This means that the by 

creases gradually' throughout the stroke. The resisfance can ^ vertieal 

hanging Aveights on the finger thong with the ergograph suspende 
position (as in Fig. 27). Gravity acting on the Aveights p^'^°jiioved the 
sistance of the spring. If graA'ity acting on a Aveight of 1,106 ■ 

counter 4 units (2.0 cm.), then 1,100 x 2.0 = 2,200 gram centime 
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must be expended every time a stroke 2.0 cm. long is made. On a particular 
inaohine the following calibration was obtained : 


WeigUt Suspended 
1,100 Gm. 
1,150 Gm. 
1,200 Gm. 
1,250 Gm. 
1,300 Gm. 
1,350 Gm. 


A.veragc Movement Recorded 
1.3 cm. 

2.8 cm. 

3.5 cm. 

4.5 cm. 

0.8 cm. 

9.0 cm. 


This implied that a stroke of 6.8 cm. required the same work as would huve 
been required if a eonslnnt load of 1,S00 Gm, had keen used, and that 6.8 x 
1,300 =* 8,840 gram centimeters of work were required to make the stroke of this 
length. For student use a simple method of calculation was desired. With the 
buzzer in use there was no difficulty, since all strokes were uniform and gravita- 
tional calibration gave the uniform load equivalent of this stroke. Thus the 
u'Ork \ras calculated as the product of distance times this equivalent. When the 
kzzer was not being used and the length of the stroke varied widely, it was 
questionable whether a gravitational equivalent based on average stroke length 
'vouid be sufficiently accurate. The average stroke length in any given work 
Wwas readily obtained by dividing the distance recorded on the counter by 
fhe number of strokes made by the subject. The number of strokes can be 
counted as made or from the kymogram. Several methods of calculation sug- 
gested themselves and were checked on twenty diffei'ent records made on various 
experimental procedures. , 


Method i. From the twenty different trials the average stroke for all trials 
6 4 cm. Referring back to the calibration and interpolating, tbo uniform 
Old equivalent was about 1,290 Gm, Multiplying the distance factor in each 
Work by 1,290 then approximated the work in gram centimeters. 

Method 2, Another possibility was to nse the average stroke for each par- 
tieiilar bout of work. In the twenty different trials the average stroke varied 
Win 5.1 to 7,S, The distance in the l>out of 5.1 cm. average stroke was multiplied 
? obtain the work; the distance in ilie 7.8 bout was multiplied 

‘b' 1,320 Gm. to obtain the work. 

, ^ o[ 3fcf/(od.— Both metliods 1 and 2 arrive at approximations, 

wbiJe it is obvious that the work results by the two methods can show no 
? ^^ater variation in these twenty records than 3 parts in 129, one has no idea 
‘ ^ ar the result by either method is from the true work done. 

determined accurately as fol- 
str l- twenty work bouts a calibration of centimeters of 

^0 '6 against millimeters of tambour excursion was made. This is rendered 
1 in f^^homatic counter, since by watching the counter, strokes of 1 em., 
^ ' made. After the record was fixed, each stroke was 

Tsbfe 7 niillimeters to centimeters so that an ineideuce record resulted. 

soo incidence of different strokes in a particular record. It can 

(g strokes varied from 2.25 to 8.0 cm. in length. Referring back 

. * ^tional calihration, the gravity equivalent of each one of these strokes 
I fourth column of Table I. Now the centimeter 

multiplied by the incidence of such strokes, and the product was 
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multiplied by the gravity equivalent of this lengtli of stroke. The sum of tfew 
results gave the work done. The ivox’k calculated by methods 1 and 2 in thh 
case was 498 x 1,290 = 643,000 (1) and 498 x 1,295 = 646,000 (2). 


Table I 

OaIjCULATXOiV op WoitK BY INDIVIDUAL STROKES 


(Incidence From Tambour Becord) 


MM. 

CENTIJtETER 

EQUIVALENT 


INCIDENCE 


gravitational 

equivai.ent 



11 

8.0 

X 

2 

X 

1,325 


21,200 

10 

TA 

X 

21 

X 

1,310 


201,000 

9 

6.75 

X 

34 

X 

1,300 


298,000 

8 

0.25 

X 

9 

X 

1,290 


72,500 

7 

5.73 

X 

1 

X 

1,275 


7,300 

6 

5.10 

X 

I 

X 

1,260 

:r: 

0,400 

5 

4,5 

X 

3 

X 

1,250 


16,900 

4 

4.0 

X 

2 

X 

1,225 


9,800 

3 

3.4 

X 

2 

X 

1,200 


8,200 

2 

2.25 

X 

2 

X 

1,125 


5,100 

649,400 


One may wonder wliether the ability to measiii'e lambour strokes on a record 
is good enough to warrant calling method 3 accurate. There is a ready check on 
the accuracy of the measurement as follows: If in Table I the centimeter 
equivalents are multiplied by the incidence alone and all tlic products aie 
summed, the result is the total distance through which the force v’as applied, m 
this case the sum was 500.9 cm. But the counter also added up the total distance 
during the work bout as 498 cm. Thus the measurement is checked. 

This procedure was carried out with each of the twenty recoi’ds> and the 
percentage error of work as calculated by methods 1 and 2 from method 3 1® 
as accurate varied from -3.9 per cent to +2.1 per cent for method 1; j 
per cent to +1,7 per cent for method 2. We conclude that the error imo ve 
bj^ either method 1 or 2 is small; that method 2 is somewhat less subject to eu 
than method 1. 

For student use we furnish a -weight calibration with each inslrnment a 
instruct the student to use method 2. After the instrument is assem c ^ 
requires a week or two for the spring to take its set. The force of 1 
seems to remain quite constant once the set is taken. Probably gmM ‘ 
calibration at least once a year wdll be necessary. 


SUMMARY 

A student ergograph for human extensor digitorum communis 
described. Its over-all dimensions are 18 by 6^4 by 4 inelies. It 
to construct. It permits limitation of stroke length so that ygadih 

sharply defined as an end point. A list of experiments to wine 1 1 ‘ 

be applied is given. Methods available for calculation of the uoi 
the machine are discussed and validified. The portability o i 
recommends it for clinical use in following tlie work ability o P‘ _ 
treatment for Addison’s disease, and myasthenia of any othei » 
the various muscles are fairly uniformly affected. 



THE USE OP A SINGLE GUINEA PIG FOR VIRULENCE TESTING* 


Margaret Beattie, !M.A., Gr.P.H., Berkeley, Calif. 


TN A PREVIOUS study* it ■\vas demonstrated that the use of a single rabbit 
^ for virulence testing by means of tlic coincident intraeiitaneous injection of 
a lest and a control suspension of C, diphtheria culture mixed with antitoxin 
(instead of the parallel injection of the culture suspension into an unprotected 
and antitoxin protected animal) so enhanced the inherent variability of rabbit 
reactintj- to diphtheria toxin as to vdcld falseh’ negative reactions in tests with 
knora pure cultures of C. diphtheriac. This modification of the traditional 
technique was introduced by Fraser, Halpcrn, and Roy^ as an economical way to 
test the large number of cultures involved in research or survey investigations. 
Only under extraordinary circumstances would a public health laboratory have 
so many tests to perform at one time or have rabbits available for this pux*pose. 
In such a laboratory the economy involved in the use of a single animal for a 
few tests would he desirable. In health department laboratories it is important 
to discover immediately whether organisms, with morpliology characteristic of 
■ ^iphthcriae, when isolated from the throats of carriers, recovered patients, 
or immunized contacts, are virulent. The infectiousness of the immunized child 
w ose throat lesion yields organisms morphologically resembling diphtheria 
acilli is also important to health authorities. 

At the time the experiments on rabbits were done, a few guinea pigs were 
ested by this technique. Tiiese tests indicated that while the guinea pig was 
to vary in reacthity to tlie injections tlian the rabbit, some differences 
.!* occurred in animals injected with control suspensions. In order to 

the effect of antitoxin, the number of tests to be placed on each animal was 
I'e uced from eight to four. The amount of antitoxin in the control suspension 
torin what appeared to be the least amount for neutralization of 


Used Poui' cultures were selected from the sixteen which had been 

bdd y^tibits. One (No. 75), a gravis strain, was chosen as a control culture 
I’caeted positively on all rabbits and guinea pigs. Two in- 
or iie« ^ frequently yielded inconclusive 

g were included as test strains. The fourth test culture was 

(No. 206) which had oecasionalh’ induced negative or inconclusive 
on rabbits. 

In order to obtain a sufficient amount of culture suspen- 
"Tliis slopes of Loeffler's medium u’ere inoculated with each test culture, 
accomplished by delivering with a pipette a saline suspension made 

Hygiene, University of California. Berkeley, 
from the Research Board, Universitj- of California. 

^ for publication. March 11. 1940. 
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flow the growth on a Loeffler’s slant onto the surface of each of several slopes. 
Complete seeding of tlie surface was accomplished by rotating the inoculum over 
the surface of the slopes before placing the tubes in the incubator. After fort.v- 
eight hours’ incubation the growth on each slope was suspended in 2 c.c. of 
Stone’s suspending solution.® A stained smear from each test culture was 
examined to cheek the presence of morphologically typical bacilli in pure culture. 
Subcultures were made from one tube of each set of cultures to he certain the 
matei’ial was viable. Because of the color and consistency of the suspending 
solution, only a rongli estimation of tlie relative opacity of the suspensions could 
be made. 

Control Inoculum . — To each cubic centimeler of suspension prepared as 
described above, 0.1 c.c. of antitoxin, containing ajjproximately 100 units, ivas 
added. Tlie suspension was well mixed and allowed to stand at room tempera- 
ture for at least iialf an hour before being injected. This amount of antitoxin 
was eiddentlj" near the minimum because vci’.v slight necrotic reactions ivere oc- 
casionally observed. 

Animals . — Of 129 guinea pigs all were white females except eleven wliieli 
were white males. All animals vv'cre fully mature and weighed more than 400 
Gm. though they varied considerably in weight, size, age, and skin texture. 


THE EXPERLMENT 


Five groups of from twelve to forty animals were tested within n 
months’ period. In each experiment tlie sex and size of the animals were con- 
sidered in selecting those to he compared as test and control animals. ® 
animals received intracutaneous injections of both tD.st and control ctiltura sns 
pensions coincidentally. Control animals received injections of test culture sifr 
pensions only. Each animal received the same cnlture suspension in 
skin area for an5- experiment. One-tenth cubic centimeter of inoculum 
injected intraeiitaneously into the shaven skin on the side of guinea pi^- 
control animals received 1,000 units of antitoxin fiv'e hours after t le 
were placed. Both test and control animals received 1,000 units 
twentj’ to twenty-six hours after the tests had been placed. The 
observed at twenty-fonr-liour intervals for tJiree da.vs. Reactions weie es^n 
as positive when an area of necrosis resulting in a scab more than 
diameter was formed; inconclusive when a small scab (less than u® 
observed ; and as negative xvhen no area of necrosis was noted. 


RESULTS AND DISCUSSION 

One hundred and twenty-nine guinea pigs were injected, oi-x . 
pigs (test animals) were injected with botli test and contx'ol ^gy^pgusion 

Sixty-four guinea pigs ( control animals) received injections o es^ j,gac[ions 
alone. Only one culture (No, 198) iridneed inconclusive and nCc^ ^ 
which indicated variation of reactivity in the guinea pigs teste . 

Of the sixty-five test animhls, 53 reacted positively to all gite 

animals had inconclusive reactions and seven gave negative leac m 
of the injection of one test culture (No. 198) . 
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Sixty-three of the 64 control animals yielded positive reactions to all test 
injections. One animal, on which all reactions developed slowly and were small, 
showed an inconclusive reaction at the site of injection of one test culture sus- 
pension (No. 198). 

Differences in time and rate of development and size of lesion were ap- 
parent in different animals, but, on the whole, the lesions on the test animals 
were obviously smaller, particularly the lesions induced by the culture (No. 
19S) which was the sensitive indicator of any variation in guinea pig reactivity. 
The diameter of the scabs was measured in one group of 40 animals in order 
to verify this apparent difference. Culture No. 198 on the control group of 
guinea pigs induced scabs whose average diameter measured only 0.2 mm. less 
than the smallest average scab measurement of the three other cultures tested, 
whereas in the test series the scabs induced by this culture had an average 
measurement 2.0 mm. less in diameter than the other cultures. These measure- 
ments completely confirmed the observation that the reactions were larger on 
the animals of the control series. 

It is evident that the use of control inocula containing antitoxin modifies the 
reaction on single animals injected intracutaneously for diphtheria virulence test- 
ing so as to render erroneous results. It might bo possible to limit the applica- 
tion of the technique to one or two tests by determining the maximum amount 
of antitoxin which could be safely used, but this would involve the use of anti- 
toxin closely measured for maximum as well as for minimum unit content. Such 
antifrain is not available in tlie public health laboratory. A single animal can 
0 utilized by repeating the injection of the test suspension in another skin area 
of the animal converted into a control by the intravenous injection of antitoxin 
ro hours after the test injections are placed. This modification of technique 
Pas described by Praser and AVeld in 1926.* The time interval and the labor 
mio led in repetition of the injections frequently complicates the schedule so 
as to render the test inconvenient in a public health laboratory. 


CONCLUSIONS 


ajf P'S® '’ary only slightly and much less than do rabbits in their re- 

injection of cultures of C. diphtheriac. Tlie coincident intra- 
Ihe 'njection of a control mi.xture of culture and antitoxin which permits 
guinea pig for several tests cannot be recommended since 
nCoatii e or inconclusive reactions maj' occur. 
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from tlie groBlh on a Loeffler’s slant onto the surface of each of several slope 
Complete seeding of the surface was accomplished hy rotating the inoculum ove 
tlie surface of the slopes before placing the tubes in the incubator. After fortj 
eight hours’ incubation the growth on each slope was suspended in 2 c.c. o 
Stone’s suspending solution.’’ A stained smear from each test culture w 
examined to cheek the presence of morphologically typical bacilli in pure culture 
Subcultures were made from one tube of each set of cultures to be certain thi 
material was viable. Because of the color and consistency of the suspendin' 
solution, only a rough estimation of the relative opacity of the suspensions eoulii 
be made. 

Control Inoculwn . — To each cubic centimeter of suspension prepared as 
described above, 0.1 c.c. of antitoxin, containing approximately 100 units, ivas 
added. The suspension was well mixed and allowed to stand at room tempera- 
ture for at least half an hour before being injected. This amount of antitoxin 
was evidently near the minimum because very slight necrotic, reactions were oc- 
casionally observed. 

Animals . — Of 129 guinea pigs all were white females except eleven which 
were wliite males. All animals were fully mature and weighed more than 400 
Gm. though they varied considerably in weight, size, age, and skin texture. 


THE EXPERIMENT 

Five groups of from Ixvclvc to forty animals were tested within a three 
months’ period. In each experiment the sex and size of the animals 
sidered in selecting those to be compared as test and control 
animals received intraeutancons injections of both test and control ™ 
pensions coincidentally. Control animals received injections of test cu 
pensions only. Each animal received the same cnltnre suspension 
skin area for any experiment. One-tenth cubic centimeter of 
injected intracutaneously into the shaven sliin on the side of 
control animals received 1,000 units of antitoxin five horns a er 
xvere placed. Botli lest and control animals received 1,000 units 
twenty to twenty-six hours after the tests had been placed. ^ T le 
observed at txventy -four-hour intervals for three days. Reactions were ^ 
as positive xvhen an area of necrosis resulting in a scab j ^as : 

diameter xvas formed; inconclusive -when a small .scab (less mu 
observed ; and as negative when no area of necrosis xvas no e 


RESULTS AND DISCUSSION 

One hundred and twenty-nine guinea pigs were injecte . ^^'.^’g^speusioiis- ; 
pigs (test animals) were injected with both test and eontio cu^ guspe’’^'®*' ' 
Sixty-four guinea pigs (control animals) received ° yjactio® 

alone. Only one culture (No. l98) mdueed inconclusive an ; 

which indicated variation of reactivity in the guinea pig's 

Of the sixty-five test aiiiiintls, 53 reacted ^ga^ons a* 

animals had inconclusive reactions and seven gave negatu e 
of the injection of one test culture (No. 198). 
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Skty-thrce o£ tlic C-i control animals yielded positive reactions to ail test 
injections. One animal, on wltich all reactions developed slowly and were small, 
slimved an inconclnsivc reaction at the site of iiucetion of one test culture sus- 
pension (So. 198). 

Differences in time and rate of development and size of lesion were ap- 
parent in different animals, hut, on the wlnih-, tin- lesioim on the te.st animals 
TOe obviously smaller, particularly the Ivsions induct’d by the culture (No. 
198) which was the sensitive indicator of any vari.ition in guinea pig reactivity. 
The diameter of the .scabs was measured in one group of 40 animals in order 
to Verify this apparent difference. Cnltnve No on the control group of 
guinea pigs induced scabs wlio.se average diameter lociisnred only 0.2 mm. Ics-s 
than the smallest average scab measurement of the tbret other cultures tested, 
whereas in the test scries the seaiis induceil liy this culture had an average 
'I'casurcmcnt 2.0 mm. less in diameter fbaii tb.- other eu'.'nres. These measure- 
ments cosiplctely confirmed the observation llial the rcm lions were larger on 
the animals of the control scries. 

It is evident that the use of control inocula contiiining <iiitito.vin modifies the 
reaction on single animals injected intracutancoosly fordiphiheria virulence test- 
ing so as to render erroneous results. It might be possiiile to limit the applica- 
hon of the technique to one or two tests by determining the ina.vimum amount 
“‘antitoxin which could be safely used, but tb- would involve the use of anti- 
'™1' measured for maximum ns well as lor minimum unit content. Such 
“(item is not available in the public health li boratory. A .single animal can 
It lined by repeating the injection of flic test suspomsion in another skin area 
“ animal converted into a control by the intravenous injer tion of antitoxin 
je ones after the te.st injections are placed. This modification of technique 
ilsctibcd by Praser and lYeld in 1926.* The time interval and the labor 
as ta r ^“Patition of the injections frequently' complicates the schedule so 
" ‘“st inconvenient in a public licaUb laboratory. 


COlsCPUSIOKS 

'“divih'T.f®* "''ghtly and much )e.s.s than do rabbits in their re- 

ratanL " of C. dipUlicriac. The coincident intra- 

■' Ike to n^^toe of culture and antito.vin which permits 

I 'oheaelp. S'"™" for .several te.sts cannot he recommended since 
» '“or inconclusive reactions may occur. 


'■ P'altie, 
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ON THE PE.BSBRVATION OP SPECIFIC ANTIAI AND ANTI-N 
AGGLUTININS WITH TOLUOL* 


Philip Levixe, M.A., M.D., Newark, N. J. 


I T IS well known that antisera, wlien preserved in the cold in the filtered state, 
retain their antibody content almost imdiminished over a period of several 
years. For the iirodnetion of diagnostic anti-ltl and anti-N reagents, it is neces- 
sary to remove the species-specific agglutinins by absorption with suitable bloods 
lacking the factors in question. For this purpose, the serum in a dilution of 
1 :15, 1 :20, or higher is absorbed for one-half to one hour with one-half its 
v’olume of washed blood sediment. Generally, one absorption suffices to re- 
move the speeies-specific agglutinins, but occasionally a second treatment, with 
perhaps a smaller quantity of blood, may be required. While these manipula- 
tions can be carried out under stei’ile conditions, this is not convenient, and 
consequently the diagnostic fluids become unsuitable for use after a few dajsm 
the ice chest because of bacterial contamination. Once potent diagnostic reagents 
are prepared, it is of considerable advantage to preserve tliem for future rise 
on account of the largo quantity of selected blood necessary for the ahsorption 
and the time and effort required for the numerous manipulations. 

A niunber of years ago I' tested a few preservatives and observed that tie 
addition of 1 drop of toluol per cubic centimeter of diagnostic fluid, 
and sealed with paraffin, gave very good results. Tests until 
preserved in this manner for a period of six to twelve months have mvaii 
given unequivocal results, so that tlve tests always gave a sharp distinc lon^^^ 
tween bloods possessing and bloods lacking the agglutinogens in question. 
rare bloods reacting weakly with potent diagnostic fluids, freshl}'' J 

invariably agglutinated by the preserved fluids. At no time in an ac i^ 
tinned experience, extending over a period of ten years with the 
preserved in this manner, were any difficulties encountered m m ® 
of the M and N factors. „ the 

In a study of various preservatives of diagnostic fluids, 
conclusion that there are a number of preservatives (such as bii i 
aeriflavine) which are preferable to toluol. However, Boyd ma e 
toluol preserved fluids before four and one-half years elapsed, at w nc 
activity had disappeared. _ . pre- 

For thi.s reason, I made tests with anti-M and anti-N fluids 

served with toluol for a period of thirtj’--two months. These were i ^ 
available to test the efficacy of the preservative, but it seems to jjj the 

served diagnostic fluid still potent after an interval of thirtj'-two n 
ice chest is certainly properly preserved. 

•From the Division of Laboratories, Newark Beth Israel Hospital, >< 

Received for publication, March 13, 1940. 
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Actually, these specific diagnostic reagents were found to give potent re- 
actions that compared favorably with those obtained in simultaneous tests with 
freshly prepared reagents from the same antisera (Tables I, II, III) . 

Table I 


DUGNOSTIC 

CROUP 0 

A 

A 

A 

A 

A 

B 

0 

A 

A 

FLUID 

TYPE M 

M 


MN 

MN 

MN 

.MN 

N 

N 

N 

.\lltl-M (1) 

+ + + + 

+ -f ■!■ + 

+ -h -h + 

+ + •♦■ + 


+ + + + 

-f 

0 

0 

0 

Anti-M (2) 

•H- + + 




+ + + -»- 

■*■ + + + 

4 4 + 4 

0 

0 

0 

Anti-N (3) 

0 

0 

0 

+ ± 

+ ± 

+ + 

+ 4 + 

4 4 4 4 

+ + 44 

+ + + + 

Anti N (4) 

0 

0 

0 

+ + 


-I- +± 

+ 44 

4444 

4 4 4 + 

+ + + + 


The plus signs indicate varj'ing degrees of agglutination. 

(1) Prepared from serum 136, diluted 1:15, and preserved with toluol on July 3, 1937. 

(2) Freshly prepared from serum 136. diluted 1:15. 

(3) Prepared from serum 52, diluted 1 :20, and preserved with toluol on July 3, 1937. 

(I) Freshly prepared from serum 52, diluted 1 20. 

Table II 


TITRATION OF THE ANTI-M FLUIDS 


— 1 

1:G 

1:12 

1:24 

1:48 

1:96 

Attl-M 

(1) OM 

4444 

4± 

+ 1 

tr 

0 

No. 136 

(2) AM 


4 4 + 

+ 1 

0 

0 

preserved 

(3) OMN 

4444 

4 + 4 

4 

0 1 

0 

for 

32 months 

(4) AMN 

4444 

4± 


0 

0 

Anti-M 

(1) OM 

4444 

4± 

4 

0 

0 

No. 136 

(2) AM 

44± 

4 

0 

0 

0 

fresh 

(3) OStN- 

4 4 4 + 

4± 

tr 

0 

0 

- 

(4) AMN 

4± 

4 

0 

0 

0 

tr. Indicates trao*. 



Anti-N 

o2 

preserved 

for 

32 months 

Anti-N 

^*0.52 

fresh 


TITRATION OP THE ANTI-N FLUIDS 



1:6 

1:12 

1:24 

1:48 

(1) ON 

4 + 


tr 

0 

(2) AN 

4 + 


f.tr. 

0 

(3) OMN 

+ 

0 

0 

0 

(■1) AMN 

4 

+ 

0 

0 

(1) ON 




0 

(2) AN 

4 + 


tr 

0 

(3) OMN 


tr 

0 

0 

(4) AMN 

4± 

4 

0 

0 


' ^''0 auti-M diagnostic fluids, preserved witli toluol for thirty- 

' preserver ^ ‘'ictive as the fluid freshly prepared from the same serum ; 
thos • Save reactions which were only slightly less intense 

anti V Ireshly prepared fluid. Titrations of the fresh and pre- 

^inewhat st ■ results which indicate that the preserved fluid is, indeed, 

' ^havior freshly prepared reagent. Similar slight differences 

not ^ diagnostic fluids were observed in testing with otlier 

Table 11. The titration of the anti-N fluids gave results 
• Table I, namely, a slightly greater activity on the part 

I prepared fluid. 
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Obviously, there are other suitable chemical preservatives for specific anti-M 
and anti-N reagents, as has been shown by Boyd. Another suitable procediue 
would seem to be drying with some such technique as the Flosdorf-Mudd ap- 
paratus. In any event, the results here reported indicate that toluol maj- be just 
as efficient a preservative as, for instance, acriflavine, especially since Boyd’s 
anti'M fluid No. 887, preserved for twenty-two months with acriflavine, already 
showed a considerable diminution in activity. 

Addendum : Retest of the same diagnostic fluids on January 20, 1911, i.e., after pres- 
ervation of three and one-half years, showed no loss of activity in the anti-M reagent. 
The anti-N reagent suffered a drop of titer, distinct reactions obtainable at a dilution of 
1:6 instead of 1:12; tested in the undiluted state, the anti-N diagnostic fluid gave clear-cut 
differentiation. 
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A SIMPLE, INEXPENSIVE, VERTICAL ILLUMINATOR FOR 
THE STUDENT MICROSCOPE® 


Alrick B. Hertzman, Ph.D., St. Louis, Mo. 


T he need for vertical illumiuation for examining human sldn capillaries an 
minute vessels in the frog in the student laboratory directed attention to I f 
possibility of using for this purpose the very effective pencil flashlight >’ 
ImouTi as Mazda 222 (operating on 2.2 volts). A simple, flexible, convenient,^an^ 
effective mounting was provided with a dial socket, screw type (costing 
cents), carried by a copper wire, 10 inches in length and Vs or % 
diameter. This in turn was clamped to the ring stand. The beam of lig^ 
then be directed to the vascular area to be oliserved. The arrangement 
brought close enough to provide enough. light for observation of ® ^ 
vessels unless high magnifications are required. When strong i jjs 

desired for microphotography, the bulb may be operated momentari y 
rated voltage bj' inserting a single pole double throw toggle switch m 
to the bulb and providing a source of slightly higher voltage. 

The current source may be dry cells, hut in the student laboi a 
operate a group of bulbs on one filament transformer suppb 
volts. A short piece of resistance wire in the lead to the bulb reduces ® 
to the correct value. When the bulbs are operated below their ra e 
they last twenty-four hours or more in continuous operation. ^ ^ 

We placed thirty of these illuminators in the student of the 

of less than ten dollars. They proved very satisfactory for student s u . 
minute vessels. Other uses will suggest themselves. 


•From 


the Department of Physiology. St. Ijouis University School 


of Medicine* 


THE USB OF DIAPHANB FOB MOUNTING GIEMSA 
TYPE PREPAKATIONS® 


Frederick Coulston, JI.A., Syracuse, N. Y. 


TN LABORATORIES ■where Eomanowsky-type stains arc used, it has always 
* been a problem to find a satisfactory as well as permanent mounting medium. 
Thi? is especially true of those laboratories rvhere malaria research is done. For 
litre the routhie method of staining the parasites invariably consists of the use 
ot one of the better Roraanowsky stains, siieh as Giemsa 's, MacNeal 's tetrachrome, 
or 'Wright’s. 

In general, three types of preparations are used; namely, blood smears, and 
smears and sections prepared by dehydration. When these are mounted in 
balsam, the stain almost always fades considerably within a few months or a 
jear. This fading is usually found in the region of the smear or sections farthest 
from the edge of the cover slip, leaving a rim of fairly well-stained material. 
The reason advanced for this gradual dcstaining process is that the a and fl 
abietinolic acid in the balsam gradually o.vidizes, thus changing the pH of the 
medium. And since the Romanowsky stains work best in an alkaline state, this 
eauscs them to fade. 


5Iany alterations in the balsam have been .suggested to counteract this 
Icndencj- toward acidity. In Lee’s' Vadc Meextm (1928, p. 231) a method of 
malting neutral balsam is given which consists essentially of mixing the balsam 
e^stals with an equal amount of sodium bicarbonate. Scott^ (1911) recommends 
marble in the balsam bottle and protecting the bottle from 
’’SM' A similar suggestion is made by Guyer” (1936, p. 129). This works 
but fading eventually occurs. Cannon and Taliaferro* 
^ ) mounted sections in balsam without cover slips, stating that this pre- 

tmf Huff and Bloom* (1935) used a petrol-ether soluble 

(I937T dammar dissolved in xylene as a mounting medium. Kingsley* 

ino f keeping .stained megakaryocytes and platelets in sections 

Hount xylene dammar away from light. Lee (p. 503) suggests 

lvi» *^‘™sa-stained sections in cedar oil rather than in balsam, since in the 
la "'ore rapidly. 

for bl^ showed that euparal was an excellent mounting medium 

tiount^d stained with the many Romanowsky-ty'pe stains. Slides so 

(19061^ over six years. Euparal was introduced by Gilson* 

dnilar '1 'ras a mixture of eucalyptol, paraldehyde, and camsal. A 

’fbphaa'^ product is sold by some supply houses under the name of 

product is said to contain euparal, ether, gummed sandarac, 
'oparal^ -v''''*'^' ®*'oP'’ord’ (1918) presented the formula of a substitute for 
'^‘opbanch claimed was in all respects similar to it. Both euparal and 

gteen to ^ refractive index of 1.483. Each is available in a colorless and a 
.p • The latter contains a copper salt, the color of which is said to 

ot Zoologj-, Syracuse University. Syracuse. 

'■’"■'loatlon. March 16. 1940. 
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intensify hematoxylin stains. The colorless cliapliane is the proper one to use 
for mounting Romanowskj^-type stained preparations. Histologic comparisons of 
diaphane and euparal indicate that they arc identical in properties. Therefore, 
in this paper when reference is made to diaphane, it is implied that the same 
is true of euparal. 

Diaphane is superior to. balsam in many respects, and especially in that 
it is a nonoxidant and is neutral to all stains. It also has a lower index of 
refraction, enabling observation of objects totally invisible in balsam or dammar. 
Most materials maj^ be mounted in it directh’' from 95 per cent alcohol. 

Recently, Groat^“ (1939) described tivo new c 3 mloparaffin mounting media, 
commercially called Nevillite V and No. 1. These substances are similar to 
balsam and are soluble in toluene and xjdene. Tliej^ are said to be superior to 
balsam in that they do not become acid with age. Hoivevmr, they have higher 
refractive indices (Nevillite V, 1.544; Nevillite No. 1, 1.567) than balsam 
(1.535), which makes them opiicallj’^ much inferior to diaphane (1.483). 
Furthermore, Nevillite must be used with absolute alcohol and a clearing agent 
such as xjdene. 

MATERIALS AND METHODS 


Two simple and efficient techniques were developed permitting the use o 
diaphane as a mounting medium after staining with Giemsa’s, Wright Si 
Jeuner’s, and the Eosin Azure II method of Maximow’s. In general, thefol ow 
ing discussion applies speeificallj’ to preparations stained w'ith Gierasa s, sincf 
it is used routinely in this laboratoiy. , 

The first technique is to be used with alcohol-acetone mixtures, an 
second with dioxane as the delij^rating agent. Both give approximately the saint 
results. The advantage of the one method over the other depends on the mwtm 
stances in which they are to be used. For ordinaiy work, or ivhen it is i ^ 
to obtain dioxane, the alcohol method will be most convenient and inexpens 
Since absolute alcohol is not necessaiy, it will be found especially valua^ e 
woi’k in humid climates, such as the tropics. The dioxane method gnes 
vantages familiar to all who have had occasion to use dioxane. 

The staining technique emplojmd was essentiallj’’ a simplifienbon o 
baeh’s“ (1919) method for staining jjaraffin sections with 
used the technique in staining smears and tissue preparations of n jjjueia 
Hemoproteus, and fowl pox. Malaria and Hemoproteus parasites stain 
contrast to the red blood cells which stain a light yellow orange. 
cellular substance takes a rich blue appearance. In fowl pox, le 
Bollinger bodies stain bright red against a blue background. Revised 

is given in Lee (p. 503) with many helpful suggestions. Heivitt ( ^^gjgria 

a modification of the Wolbach method which gives fine ^ and 

parasites. However, this method is time-consuming and the^ ^ sed instead 
clearing procedure maj^ be much abbreviated when diaphane is u 
the cedar oil or neutral balsam recommended. 


STAINING PROCEDURE 

A. Dry blood smears were made in the usual manner bj ^^'”gj,g”gii'.dried 
drop of blood on the end of one slide along another. The smeais w 
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and then fixed in absolute methyl alcohol (rcajjeiit). They were tlien allowed to 
dry and stained with a mixture of 2 drops of the stock Giemsa to each ciihic 
centimeter of water used. After ten to thirty minutes they were removed, 
washed, and dried. If the slides are to he mounted, diapliane may be applied 
directly to the dry smear covering with a No. 1 cover slip. 

B. Smears and tissues preixtrcd hy dehydration were always fixed in 
Maximow’s Zenker-formol (10 per cent formalin; no acetic acid). Preparations 
^ere immersed in this fluid immediately to avoid drying. Blood or tissue smears 
were fixed for thirty minutes or lcs.s ; small jiieccs of tissue for two to three hours. 

(1) Smears were washed in water (running preferred) for at least five 
minutes. If alcohols arc to be used, pass through to 70 per cent alcohol slightly 
colored with iodine. Leave for ten to fifteen minutes and remove. Pass smear 
back through the alcohols to water. iVIordant with a 2.5 per cent solution of 
potassium bichromate for five to ten minutes. Wash and stain with a mixture 
of 4 drops of stock Giemsa 'to eacli cubic centimeter of water used. Usnallj' 2 
, c-c. of fluid is sufficient to cover a slide completely. Ordinary tap water is satis- 
factory if slightly alkaline and low in mineral content. Allow blood smears to 
stain for at lea.st thirty minutes, and tissue smears for ns long as two liours. If 
; is used it is not necessary to include the iodine step at all, since, as 

“5cr (p. 66) points out, dioxane dissolves bichloride of mercury. 'Witli 
I loxaiie tlie smear is passed llirough at least three changes of pure dioxane and 
’ ™ 'cashed in water and stained a.s described. The mordant and stain may be 

'omenicntly applied l)y flooding tlie slides on a staining racic. 
i (2) Tissues dehydrated with alcohols were first wasltcd for at least twelve 
juts in running water. Tliey wore then passed tlirongh the alcohols in the 
, Wanner, including the iodine step, to absolute alcoliol. Clearing and 
' til toluene and absolute alcohol mixtures following 

' slLhl'l ^al'Sher'® (1934, p. 122). Imbed and section as usual. Sections 
Wre possible, 4 to 10 microns. The mounted paraffin ribbons 

Iwafed over an alcoliol flame until just melted. The slide was im- 
j (iij, ^ ^ Placed into two changes of pure xylene and then passed down through 
? dionl water. Mordant and stain as for smears. All preparations 

■ wotiiant^ allowed to .stain for at least one hour. It is advisable to allow the 
" '™ain for at least thirty minutes; longer periods will do no harm. 

' '^io.xane '^•^^'l'^‘’ation, the tissues are immediately placed in 
f> Wd inibV^'*'^^ preliininai-y washing. Change the dioxane at least once 
I' *«tions paraffin, using the procedure of Guyer (p. 65). The mounted 
,t 'krouoii heated over an alcohol flame as mentioned above, and then passed 
dioxanj "5* Pi'™ xylene into dioxane. Wash in two changes of 

,> ‘ " **'ansfer to water. Mordant and stain as previously described. 


' ^ MOUNTING PROCEDURE 

■ Method. All Bomanowsliy-tj-pe stains are soluble 

'‘W alcohol ■ *** makes the use of diaphane directly from 95 per 

(' 'he m "".'"‘"''’aahle, since a certain amount of tlie alcohol is carried over 
,i‘ '"'S '"cdium, thus continuing the dcstaining process. This 
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eventually ruins the slide in as short a time as a iveek. In order to obviate thk 
difficulty, the following technique was devised. It apjilies to both smears and 
tissues prepared by dehydration. 

After staining, the preparations are delij'drated in an alcohol series. 
Destaining, if necessary, is canned out in 70 per cent aleoliol. Wlien a redder 
color is desired, the tissues may he placed for a few seconds in 95 per cent 
alcohol to which eosin has been added (1 drop of 0.5 6m. eosin in 100 c.c. ol 95 
per cent alcohol to 10 e.c. of aleoliol). Transfer from 95 per cent alcohol to 
solution A. Solution A is a mixture of 30 e.c. of 95 per cent alcohol, 30 c.c. 
of pure acetone, and 5 c.c. of diapliane. It is readily miscible. Destaining by 
the 95 per cent aleoliol is stopped considerably in tliis mixture, but the slide 
should not bo left in it longer than a inimtte. Transfer to solution B. This is a 
mixture of 55 c.c. of acetone, 10 c.c. of diapliane, and about 1 c.e. of 95 per cent 
alcohol. When the acetone and diapliane are mixed, a milky while solution 
results. But as the alcohol is added it clears up completely and remains so in- 
definitely. The alcohol is convcnientlj' added drop by drop until the de.siie 
clear solution is obtained. Tliis small amount of aleoliol does not in any nay 


cause destaining. Mount in diapliane. 

Slides so prepared and mounted have remained without any evidence o 
fading for over a year. Preparations may be passed through solutions A an 
directly from 70 per cent alcohol without any apparent damage to the tissues^ 
The reason one cannot go straightway from 95 per cent alcohol to 
diapliane is that the solubility reaction between the.se substances is so 
that the tissues usually crack and are ruined. The adding of 
solutions A and B prevents the tissues from drying out quickly, since 
is so volatile. It also prevents the acetone from going into solutioii too ^ 
with the diapliane under the cover sliyo. The use of acetone with 
stains may be objectionable, but Kingsle.v^'* (1937) showed that i 


detrimental to such stains. 

Diapliane solvent, a preparation of secret for-mula marketed bj 
houses, may be used with equal success in solutions A and B m P ^japliane 
If desired, solutions of acetone and the solvent can be emploM • 


solvent was miscible in all proportions with 95 per cent alcoho , ac^ 

dioxane. When preparations are placed in the niidilnted 

cent alcohol, the mixing is rather slow and destaining is not stopp^ ^ 

When the solvent is mixed in excess with 70 or 80 per ^ 
white solution, similar to the one described for solution B, resit 
of a small amount of 95 per cent alcohol clears this up. D is re ^ 
therefore, that if the diapliane solvent is to be used as the clearin&^o^®^^^'^ acetone- 
be. prepared and employed as solutions A and B, substituting i .oiiortkns 
B. The Dioxane Method. Dioxane was found to be soluble 
with diaphane. As would be expected, it does not destain jn irhidi 

with any Eomanowsky-type stains used. This makes it an i ea jj,a(ter h' 
to dehydrate such material for mounting in diaphane (oi sacc^^' 

baDam or cedar oil) . The following procedure was utilize wi 
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Subsequent to staining, the slides are washed in water and destained, if 
necessary, in 70 per cent alcohol directly from the water wash. Fifty per cent 
alcohol n-orks just as efficiently and has the advantage of being less drastic in 
action. Stop destaining by transferring quickly to pure dioxane. Pass through 
two changes of dioxane. Mount in diaphane. No clearing agent is necessary. 
However, if desired, graduated mixtures of diaphane and dioxane may be used 
to good advantage. Since the dioxane is not so volatile as acetone, it is best to 
remove some of the excess before mounting, thus allowing the slide to dry more 
quickly. Preparations mounted in this manner have the advantage over the 
aicohol-acefone method in that the destaining is stopped abruptly. This results 
in more uniformly stained tissues. 


CONCLUSIONS 

1. Diaphane is unconditionally recommended as a mounting medium for 
preparations stained with any Romanowsky-type stains in place of balsam or 
cedar oil. 

2. An alcohol-acetone and a dioxane method suitable for dehydrating tissues 
stained with the Romanowsky-type stains are presented. Each method has been 
used successfully. 

3. A simple method for staining tissues with Giemsa which has proved 
(specially useful in bird malaria and fowl pox rescarcli is described. 


REFERENCES 


^'krotomist’s VaUe Mecum, Philadelphia, 1928, P. Blakiston’s Son & Co. 
‘•'■Oil, a. tr.: On Su^t'Mvful ■nmiMo T>^^’^T^r.oe,e, T TJofl. Ifi! 


1911 Successful Double Staining for Histological Purposes, J. Patli. 16: 390, 


, Univ. Chicago Press. 

H.: Acquired Immunity in Avian Malaria. III. Cellular 


Poo A,«iiaierru, ». n.; ACqUireU il 

5. Hull e e °''® 1“ lafcction and Supcrinfection, J. Prev. Med. 6: 37, 1931. 

Voii Bloom, AV. : A Malarial Parasite Infecting All Blood and Blood-Forming 

6. KiuS* ?,* J- Dls. 57: 315, 1935. 

^67* 87 193 - ^ Technic for Megakaryocytes and Platelets in Sections, Folia haemat. 

1 -^ Note on Mounting Media for Parasitological Materials, Ann. Trop. 

sennio mcdium solidifiable pour le montage des preparations micro- 

(boat r’ a ^ Substitute for Euparal, Tr. Am. Micr. Soc. 37: 131, 1918. 

ino’f T)’ Mounting Media Superior to Canada Balsam and Gum Daraar, 

r i2. lleni{t R A* q” . . Pocky Mountain Spotted Fever, J. M. Research 41: 1, 1919. 

Technic for Demonstrating Avian Malaria Parasites in Tissue 
' “"ligS A F 29: 115, 1939. 

1934 i T? o Essentials of Practical Micro-technique in Animal Biology, Berkeley, 
Kingsley D at Inc. 

193“ ^ Solvents for Romanowsky Stains, J. Lab. & Clin. Med. 22: 


CHEMICAL 


simplified photoelectric procedures POE MICEO. 
deterjhnation of monprotein nitrogen, urea 

NITROGEN, CREATINE, AND CREATININE OP BLOOD* 


Barnktt Sure, Ph.D., and Violet M. Wilder, Ph.D. 
Fayetteville, Ark. 


^IMPLE and accurate available mierochcniical methods for the measureme 
of the nonproteiu nitrogen constituents of the blood of the albino rat i 
require more blood than can be obtained from the living animal. The specti 
p 10 ometer methods of BorsoolO could not be introduced, since our laboratoi 
.^'i^ possess such an instrument. Furthermore, his procedures ivere coi 
m involved for routine use. The recently publislied electrotitratio 

metnods of Borsook and Dubnoff,^ rvliile yielding' accurate results, were ah 
considered too complex. 

With the aid of the Evelyn Macro-AIicro Photoelectric Colorimeter, 
ec inique was developed for microdeterminations of nonprotein nitrogen, ut& 
ni rOosn, creatine, and creatinine. These procedures are so simple and aceuvat 
at 1 1C} can be carried out by any intelligent hospital technician. 


KONPKOTEIN NITROGEN 


nr curves were made using the 520 and 440 filters. TheKodias^ 

^ Cl eekin procedure ivas used for tlio prepai'ation of the Nessler-Folia reagent 
tor microdeterminations. Instead of working on a 100 ml. basis, the tcehnifpie 
adopted was developed on a tenth of a volume basis, i.e., a total dilution to 10 
w ich was carried out in 15 ml. centrifuge tubes graduated in tenths® ^ 
milliliter. For the digestion an electrically heated microapparatus, purebsf 
from Elmer and Amend, was used. The Ejeldahl flasks had a total capaettf® 

1 ml. Tungstic acid blood filtrates wei'e prepared according to the md'> 
of FoJin,® lakmg the blood witli 7 volumes of ammonia-free water, and preeip ® ' 
ing the pioteins with 1 part of 10 per cent sodium tungstate made up 
daily, and 1 part of % normal sulfuric acid. 

Procedure . — Measure 0.5 ml. of blood filtrate with a 0.5 ml. delivery 
into a 10 ml. Kjeldahl flask and add 1 ml. of 1:20 sulfuric acid. ^,,5/ 

fumes appear and add 1 drop of superoxol. Insert a small funnel again 
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fume receiver. Heat again until fumes appear, then lieal for one minute, timing 
with a stop watch. Cool and dilute with about 5 ml, of ammonia-free distilled 
water. Wash out flask with additional distilled water into a 15 ml. graduated 
centrifuge tube up to 8.5 ml. mark. Then add 1.5 ml. of tlie Nessler-Folin 
reagent.^ Shake quickly by pouring back and forth from centrifuge tube to 
absorption tube three times. By such procedure clouding is avoided. Set the 
i blank with reagents at 100 and tlien read in Evelyn Photoelectric JIacro 
• Colorimeter, using the 520 filter, and obtain values from the calibration curve 
(Fig. 1). The determinations are made in duplicate or triplicate. 

The accuracy of the method was tested on two different samples of urine, 

, one on rat’s urine and the other on man’s urine, using the standard macro- 
Kjeldahl method for comparison. TJie results arc given in Table I. It is evident 
from these data that our micro]n'occdure checks to the extent of 1 to 2 per 
rent witii the iiiaero-Kjeldahl method. 


Table I 


misE 

VOLUME 

(ML.) 

NUMBER OF 
DETERMINA- 
TIONS 

METHOD 

NITROGEN 

MO. PER ML. 

PER CENT 
ERROR 



6 

Sure and Wilder 

58.0 



1,0 

3 

Macro-Kjoldalil 

58.5 

+0.80 


5'L 

3 

Jfacro-Kjeldalil 

59.0 

+1,72 



8 

Sure and Wilder 

11.52 



1.0 

3 

Macro-Kjcldalil 

11.76 

+2.09 


SITROOEX USED 
ANALYSIS (i irA 

20.0 • 

30.0 

30.0 

40.0 

40.0 

40.0 

50.0 


Table II 


UREA NITROGEN 
FOUND (mO) 

2O0 

20.05 

31.00 

32.00 

41.00 

39.00 

39.00 

52.00 


PER CENT RECOVERY 


100.00 

100.25 

103.30 

lOG.GO 

102.50 

97.50 

97.50 

104.00 


UREA NITROGEN 


drops filtrate add 2 drops of a phosphate buffer solution^ and 

crease powd^ ^ flifered urease solution freshly prepared from Squibb ’s 

bn K stund for one hour at room temperature. 

y 5 ml. centrifuge 1 


Dilute to 7.5 ml. 

j 1 of 1 =20 sulfuric acid. Transfer from 

b ^^bsorption tube back and forth twice and shake. This is done 

’ing addition of the Ncssler-Folin reagent, 
'olin solution. Transfer back and forth to 
b phoioei t and shake. Set blank with reagents at 100 and read 

curve^^fp^ colorimeter, using the 440 filter, and obtain values from calibra- 
^bgiveti' ^'^^overies of urea nitrogen by the above micromethod 

slioul(j^ iiesslcrization of the various duplicate or triplicate 


b avni,! 1 ‘losorption tube bad 
k'ow c clouding followin 


one at a time to prevent clouding. 
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It is apparent from the results in Table II that our micro urease method 
yields satisfactory recoveries from known urea solutions. The average error 
seems to be not greater than ±3.0 per cent. 


CURVES FOR NON-PROTEIN NITROGEN 
OF BLOOD 

EVELYN MACRO PHOTOELECTRIC COLORIMETER 



Pier. 1. 


CURVES FOR PREFORMED AND TOTAL CREATININE 
OF BLOOD 

EVELYN MICRO PHOTOELECTRIC COLORIMETER 



Pig. 2. 


PREFORMED CREATININE 

T The orchi'i'L 

The Evelyn Micro Photoelectric Colorimeter was us • gold- 

cadmium-coated plungers corroded with saturated picric aci , ^^jj^factiire'^ 
plated plungers made by the Rubicon Company of Philadelp uai 
of the Evelyn Colorimeter, were introduced. The 520-M 
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Procedure.— "To 1 ml. of blood filtrate add 0.5 ml. of saturated picric acid 
solution and let stand for ten minutes. Then add 0.1 ml. of 10 per eent 
carbonate-free sodium hydroxide. After setting the blank with reagents at 100, 
read the microcolorimeter and obtain values from the calibration curve (Fig. 2). 

All attempts to convert creatine to cmitinine with either sulfuric or hydro- 
chloric acid, using the micro cells of the Kvelyn PhotoGlectric Slicro Colorimeter, 
yielded irregular results, and such procedure, therefore, had to be abandoned. 
The following technique was found very satisfactory: To 1 ml. of blood filtrate 
add 0.5 ml. of saturated picric acid in a 15 ml. ccutrifugc tube. Cover with lead 
foil. Autoclave for forty minutes at 20 pounds pre.ssure. Cool. Add 0.1 ml. 
of 10 per cent earbonatc-free sodium hydroxide and allow to stand for ten 
minutes. Blank with reagents is also autoclaved for the same time at the same 
pressure. After setting blank at 100, i*cad in the mierooolorimcter and obtain 
values from a separately calibrated curve (Pig. 2). The plungers should be 
allou'ed to be in contact with the picric acid not more than a minute or turn and 
then quickly removed from the cell, rinsed rvith distilled water, and dried. This 
is done because of the possibility of cori'osion by being allowed too much contact 
'ifith the saturated picric acid solution, particularly since tlie gold plating is very 
thin. The difference between tlie values fox* the total creatinine and the pre- 
formed creatinine represents the creatine expressed as creatinine. 

Recovery of creatinine from creatine livdratc (Eastman Kodak Co.) is given 
, in Table III. 


Table III 


CWATlKE HYDRATE 
C8ED (^0) 

NUMBER OF 

determinations 

TilEORBTICAL 
AMOUNT OP 
CREATININE TO BE 
RECOVERED (/iC) 

actual 

CREATININE ' 

RECOVERED (hO) 1 

PER CENT ERROR 


c 

7.51 

7.45 

-0.79 

7 

3.7G 1 

3.85 

+2.C6 


** “'"■'ient from the above results that the recovery of creatinine from pure 
simplified teelinique described is almost complete, tlie experi- 
" “ror ranging between -0.79 and +2.66. 
our oreatinine was determined in 16 rats of different ages from 

s oc- colony, the results ranging from 6.7 to 8.65 mg. per 100 ml. of blood, 
"'average was 7.55 mg. per cent. 


SUtlJIARY 

teohnique is described 


creatinine in tlie blood with the aid of the 
fanill Photoelectric Colorimeter. This technique can he applied 

“rj blood of small laboratory animals as well as human beings. 


for the microdeterminations of nonprotein 


l-li, 
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CLINICAL APPLICATION OF THE MICRODIFPUSION METHOD FOR 
THE ESTIMATION OF ACETONE® 


S. C. Werch, M.Sc., M.D., Chicago, III. 


TN A RECENT publicatioiP regarding the microdiffnsion metliod for theestima- 
A tioii of acetone, the tlieory and work on wliich the method is based 
cussed. Reference was also made to the clinical application of the metho . ® 

purpose of this paper is to offer a rapid procedure which may he use m a 
clinical laboratory. A comparison is also made between results obtained i) 
method and by the colorimeter method of Behre and Benedict.* 


APPARATUS AND TECHNIQUE 

The microdiffusion apparatus is the Conway unit. This unit 
small dish of fairly thick glass, resembling a Petri dish (Fig. 1)-^ ^^ f^liedish 
into two chambers by a circular wall of glass arising from the floor o ^ 
to about half the height of the outer Avail. When in use it is cmeie a 
transparent glass plate and sealed AA'itli a il.xative. 

The Deniges reactioiP of acetone precipitation as a basic 
is utilized. The factors concerned are the time necessary to 
and the temperature at Avhich the reaction takes place. Tavo cubic cen 
of Nessler’s solution, three cubic centimeters of unknoAAUi, and one ™ 
meter of 1 per cent hydrochloric acid are required. Since acetone 
unknoAAm (urine or oxalated AA'hole blood) should be stoppered 
lected and used fresh. The acid is used to fix; any ammonia a\ nc 
present in the unknoAvn. by 

Carefullj^ cleaned units are obligatory. This may be gj^obol, 

dipping into cleaning solution and then rinsing consecutively AAuth va 
and ether. back- 

When readj^ for use, the units Avith their covers are placec on < 
ground, and the edges of the outer Avail are smeared Avith Amse gola- 

reageiits are introduced. First, the central chamber receives t ie gjjgmbeL 

tion, and then the acid is run in, distributing it evenly around t le on for 

The transparent glass plate is next placed to cover the to carry 

a small slit, permitting the introduction of the end of the band is 

the unlmoAA-n — urine or oxalated AA'hole blood. A stop AA’ateh le i 


•From the Department of Physiologj' and pharmacology', Northve 
cal School, Chicago. 
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started as soon as the pipette containing the unlmown, held hy the other hand, 
stops flowing freely. The hand holding the watch next slides the glass plate 
so that it completely' cdyers the unit, as an immediate gesture after starting the 
watch. When the endpoint is reached the watch is stopped. Kapid introduction 
of the iinloiown is best done with a pipette possessing a large opening. The 
endpoint is the appearance of precipitation of the Nessler’s solution at the 
periphery of the inner chamber of the unit in the form of threads, like spokes 
of a wheel, or as a cloud. It is that second when the spokes or cloud e.xtend 
inward 1 mm. 

The temperature factor maj"- be controlled without great loss of accuracy 
bj’- placing the reagents and utensils in a cool (20° C.) comer of the laboratory 
for an hour. The reading on a thermometer hung close by may he used. Time 
readings valuing no more than +2 seconds from three tests may be averaged 
and considered sufficient. The temperature and time factors thus obtained are 
then located on the nomogram (Pig. 2) with a straight edge, and the concentra- 
tion of acetone is read off in the center. 

COMPARISON WITH BEHRE-BENEDICT METHOD 

It was considered well to compare this method with another of proved lahie. 

The following dilutions of specified acetone in human urine and oxalated ox 
blood were made from a 1 per cent solution and estimated by the two met lo s. 
1 ;500, 1 ;1,000, 1 :3,000, 1 :7,000, and 1 :10,000. Incubation of the apparatus and 
reagents was again resorted to in our method in order to control better the fem 
perature factor. Table I shows the values obtained. 


Table I 

Acetone in Milligrams per 100 c.c. of Urine or Blood 


DILUTIONS 

acetone in nusiAN urine 

acetone in oxalated 

ox BLOOD 

MICRODIFFUSION 

METHOD 

BEHRE-BENEDICT 

METHOD 

mickodiffusion 

JIETHOD 


1:100 

1:500 

1:1,000 

1:3,000 

1:7,000 

1:10,000 

95.00 

19.50 

10.00 

3.50 

1.50 

1.20 

98.00 

19.50 

9.50 

3.00 

2.00 

1.50 

90.00 

19.00 

11.00 

3.00 

1.50 

1.30 

19.50 

9.50 

3.50 

2.50 


modified 


SUMMARY 

The mierodiffusion method for the estimation of acetone has been ^ 
to fit the needs of the clinical laboratory. With a little practice a urine o 
sample may be determined in five to ten minutes. ^ 

• f Professor ^V'nd 

This TV'ork was begrun at Trinity College, Dublin, under the Oir«:tion or “V'kf he 

Fearon, of the Department of Biochemistry. I wish- to thank him for .ppnient or “ 

assistance. I also wish to thank Mr. Einhart Kameran, who took part m me u 
technique. 
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A CLINICAL METHOD FOR EXTRACTION OP URINARY ANDROGENS 
PRELBIINAEY TO COLORIMETRIC QUANTITATION BY 
OESTING’S TECHNIQUE* 


IV. Kenneth Cutler,! M.A., and JIasoabet Baptist 
Durham, N. C. 


\ LL those engaged in the quantitation of urinary androgens have felt the 
^ need of a method less expensive and requiring a shorter period of time for 
compiefion than those of bio-assays which employ capons or baby chicks. It 
vas with enthusiasm, therefore, that clinicians and research workers turned to 
the reports of Zimmermann for a chemical method for the determination of 
imnaty androgens. 

Zimmermann demonstrated*' ' that the steroid se.v hormones could be de- 
termined quantitatively by the use of meta-dinitrobenzene by means of a charac- 
teristic color reaction which occurred in the presence of an alkali with com- 
rwnds containing an active methylene gi'oup. Since Ws work was done chiefly 
'nffi crj'stalline sex steroids, an application of the “Zimmermann reaction” 
had to be devised for urinarj' extracts. 

Several such methods had been described as suitable for the determination 
° ’’^•’■sr)’ androgens when the procedure described herein was initiated.*'* 
arrftil consideration was given to these methods, with particular regard to tho 
«I>ense of new equipment necessary, the relative simplicity of the technique, 
'hmeeieraenfs involved, and tlio practicality of doing consecutive daily assays 

a mimher of patients. Oesting’s method* seemed to satisfy best our require- 
ments. 


and extraction used by Oesting is essentially that of Gallagher 

lion benzol was the solvent employed and the extrae- 

carried out in a continuous extractor. We have modified the method of 
•lllh' 'T the use of benzol and the continuous extractor, 

lifabl” • *^***^'^ ^ efficient, it is of such dimensions as to he imprac- 

Samin n- ° oUnical laboratories. Because of its high toxicity and in- 

' i, benzol is a dangerous solvent to use in the average laboratory space, 
fiber t ^ ^^^^ting medium employed in the procedure described below is dibutyl 
fiber h being a thoroughly satisfactory solvent*' * for steroids, dihutyl 

and i, ® 'fibber of advantages over other solvents. It is practically nontoxic 
'' — .“‘’'"'Titating to the mucosa of the air passages. It has a low kindling 

Division oC the Department of Obstetrics and Gynecology, Duke Unl- 
V'tcelivj , “Vl Hospital, Durham. 

ICilia vehlicatlon, Febtuary 19. 1940. 

tSecOTKl Enaocrinology. 

ne Union Carbide and Carbon Corporation, LiOng Island City, New* York. 
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point, and, a fact which is very important, urinary pigments are only slightly 
soluble in it. The extractions can be made in a simple apparatus. The recovery 
after distillation is approximately 90 per cent, and the solvent can be used a 
second time before redistillation is necessary. 

jiethod of extraction 

An aliquot fraction of a twenty-four-hour specimen of urine (not less than 
200 c.e., if pos.sibIe) is acidified, using 5 c.c. of concentrated sulfuric acid (re- 
agent) per 100 e.c. of urine. Hydrolysis is accomplished by autoclaving for fif- 
teen minutes at 15 pounds pressure. When cool the urine is extracted three times 
until dihuiyl ether. Fresh solvent is used for eaeii extraction. Tor specimens 
wliicli are more than 500 c.e. in volume, 20 c.e. of solvent per 100 c.c, are used; 
for specimens of less than 500 c.c. in volume, only two extractions are made, 
using 150 e.c. of solvent for each extraction. The extraction is carried out in 
thin-walled, globe-shaped 2L separatory funnels by violent shaldng by ham 
at the rate of ISO shakes per minute for three minutes for each extraction. 

Tlie eomhiiied dibutyl etber extracts are washed with (1) 100 c.c. of 10 per 
cent sodium hydroxide, (2) 100 c.e. of sodium bicaibonate .solution satiira e 
at room temperature, and (3) 100 c.c, of tap water. These amounts 
when tlie amount of dibutyl ether extract is 300 c.c. or less. Proporiioim c j 
more of the solutions must be used if the volume of dibutyl ethei 
greater than 300 c.c. (By washing the dibutyl etlier extract with t e 'y*) 
alkalies, the estrogens are partially removed. These are completely lemove m 
a subsequent step. The strong alkali breaks down tlie emulsion 
times had formed and removes most of the pigment which liad been ex lao 
by the solvent.) . -i • 

The washed dibutyl ether extract is then transferred to a 21i 
flask, and the solvent is icmoved b.v steam distillation under reclnee^ pi 
When dry the flask is washed out three times with ethyl ether, nsnic 
of 100 e.c. (Anesthetic ether is used in order to employ a product as n 
pei’oxide and aldehyde free as possible.) 

The ethyl ether extract of the dry residue is transferred to a 125 
aratory funnel where it is washed with 20 c.c. portions of 10 per cen^ 
hydroxide until the washings are clear. This usually requires 
washings, occasionally more. The eth 3 d ether extract is then washed a 
with 20 c.c. of distilled water, • • w ap- 

The ethjd ether extract is transferred to a 250 c.c. beaker 
proximately 0.5 Gm. of decolorizing charcoal.* The solution 
stirred, and tJie charcoal is allowed to settle out before filtering. extw'^' 
is well washed with additional etJier. To complete the final step ni 
tion of the urinaiy androgens, the ether is allowed to evaporate or it is e < 
to dryness over a steam bath, 

OccasiouaJIy faulty filter paper ivill allow tlie passage of some jaken '•!’ 

be observed until the ether is all evaporated. In tliis event the extract ® obvious, 
in 10(1 c.c. of ether and refiltered. Although discoloration dne to charcoa /of 

occasionally appears a bromiish residue in the beaker after evaporation 

*“Norit-A,’' purcliased from the Arthur H. Thomas Co., Philadelphia, P 
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ttWcIi no explanation is ofTerccl. This hrown residue is difficult to remove by further treat- 
ment nith charcoal. Moreover, additional treatment with charcoal and subsequent filtering 
so greatly reduces the steroid content of the ether extract that subsequent colorimetric de- 
terminations arc valueless. 

New lots of charcoal should be checked against the charcoal being used with regard 
to steroid adsorption and general quality of the powder. One brand of charcoal allowed no 
measurable amount of steroids to pass through the filter. Other brands have given trouble 
^ith regard to colored or muddy-appearing residues after evaporation of the ether extract. 


colorimetric determination 


No changes liave been made in the colonmcti’ic determination part of 
Oesting’s procedure. The colorimeter used is one designed by Costing ^Yitll the 
assistance of the Hcllige Jlamifaeturing Co. 

It has been our constant practice that one of us (W.K.C.) attend to the 
extraction of specimens and the other (hl.B.) cany out the colorimetric proce- 
dure. "We believe that in tliis manner pci*sonal error has been minimized. 

The following data, representing 220 colorimeter readings, illustrate the 
accuracy which is obtained by careful technique : 

110 determinations made in duplicate 
08 of these, or 02 per cent, matched 
42 of these, or 3S per cent, did not match 


Of the 42 which did not match 
15 dilTercd by only 0.1 color unit 
9 differed by only 0.2 color unit 

7 dilTered by only 0.3 color unit 

8 differed by only 0.4 color unit 
2 differed by only 0.5 color unit 
1 differed by only 0.7 color unit 


^ though this method does not permit qualitative identification of any mem- 
the androgen gi’onp, it is felt that these data on total “androgens'’ as a 
^^oup (17-ketosteroids) are of very definilo value. This value is enhanced by 
^ secutive daily detenninations. It has been sliown by our group that there 
daily excretion of these compounds by women. ** 
fvf tt take on some significance in view of the apparent accuracy 

the method. 


SUMMARY 

extraction of urinary androgens, preliminary to colori- 
(he has been described. Dibutyl ether is substituted for benzol 

o\ent. The advantages of dibutyl ether are enumerated, 
tkahle for extraction is adaptable to the average laboratory and is prac- 

''hTently consecutive daily specimens on a number of patients con- 

Division^ fo”r vff indebtedness and thanks to Dr. E. C. Hamblen, Chief of Endo- 
ws constant support and helpful criticism. 
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SYEINGE TYPE GLASS ELECTRODE FOR THE ItlEASUKEMENT OF 

BLOOD pH* 


Otto H. Muller, Sc.D., and E. Cooper Person, Jr-, M.D. 
New York, N. Y. 


M 


ANY glass electrodes have been designed for measuring the pH of b oo 
as it exists in the body, but there are relatively few that are free ro®- 
objections. To be satisfactory for blood analysis, the electrode not 
conform to the usual standards for glass electrodes but also must mee 
following additional requirements: 

(1) Analysis of small samples of blood should be possible. 

(2) The blood must not be altered by coming into contact with air 
getting mixed ivith another solution. 

(3) The blood should not undergo marked changes in 

(4) The pH of the blood must be measuz’ed quickly, before glyco J 
in. 

(5) The blood should be obtained Muthout stasis and without the 
suction by means of a sj^ringe. 

In our opinion, the electrode described beret meets all these reqi^ 
has additional features which make it suitable for other studies, 
it for over a year with very satisfactory results. It is ® 

The drawing in Fig. 1 shows the construction of the electro 
modification of the type developed by hlaclnnes and Belcher in ^ gjpetrodf- 
glass membrane is well protected because it forms the inner ° ground 

The tip at A is ground to fit a standard Luer hypodermic nee e. gj. to 

surface at B makes it possible to seal the electrode \vith a glass s 

•From the Department of Surgery of the New York Hospital an 

Aledical College. nOation. 
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introduce the tip of a standard syringe so that the electrode forms an extension 
of the barrel of the syringe. Tlie over-all length of the electrode is 9 cm., and 
only 0.5 c.c. of blood is necessai’y to fill it completely. At C a reference solu- 
tion and electrode are introduced ; we have used 0.1 N hydrochloric acid and 
a silver-silver chloride electrode,^ scaled into place with De Khotinskj’ cement. 
The electrode is rugged and convenient to handle; furthermore, the straight 
glass membrane can be easily cleaned by means of a soft feather and water. 



fpi 

Kadincr ■'vere made with a Beckman pH meter which permitted 

dtetrod* pH units. To insure constant temperature the glass 

'Motidc' ‘^‘'^on'cl half cell are hung in a saturated solution of potassium 
^fetch desired temperature by circulating water. A 

®der is 1 , ^ sroall water bath which was constructed to fit the Beckman pH 
-) insnla^t ^ simple brass clip attached to a bakelite block (Pig. 

i fdassium' M *• ^iectrodo from the pH meter and holds it in place. The 
dccttoiln sohrtion serves further as a liquid junction between the glass 

‘ Oftcn“^- 

' ® of the to measure oxidation-reduction potentials as well as the 

®) is usTcT'^ ^o'^tion. If instead of the glass stopper, a special plug (Fig. 
' be carried '"'liieh a platinum wire has been sealed, both measurements 
Opcral' same sample and with the same meter, 

feature and*c°v/^*^ ^^ccirode . — The electrode is warmed to the desired tem- 
bulfcrj 'ti! "dth several buffers of known pH. It is advisable to 

^ pH values near that of the unknoivn. "When repeated meas- 
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ureinents prove the satisfaetovy performance of the electrode, it is vaslied in 
the warm circulating water and rinsed witli a warm solution of hepaiin in 
physiologic saline solution. A sterile hypodermic needle is then attached to 
tip A and the blood vessel is punctured. During the sampling the electrode 
temperature is kept near body temperature by holding it wvered with the hand. 
If arterial blood is taken, the electrode will fill veiy quickly because little re- 
sistance is offered by the straight barrel of the electrode to the flow of blood. 



Fig. 2. — Sketch showing glass electrode, calomel gj^gj-rodes^'in a saturated solu ' 

of pH meter. Raising the water bath will jrnmerse the 
potassium chloride which serves as liquid junction. 

If venous blood is taken, the electrode has to be held in a hoii ll,e elcf' 

slight stasis of the vein becomes necessary to force °° electrode, anothci 

trode. In addition to the 0.5 c.c. ■which is necessary to ^ excess 

0.5 c.c. of blood is passed through the electrode. This that in 

heparin so that the composition of the blood should be t le St ’■ 

blood vessel. Wliile the blood is still flowing, the electio e i 
then -withdrawn and hung into the potassium chloride so The 

has been removed. Stalile potentials are obtained nume 
procedure requires less than one minute. sampler s'!’® 

The pH values obtained are reproducible if the bloo oPservatio®® ® 
from the same person within an hour. In agreement wi i ^ 
others,^’ ^ Mm found that the presence of heparin does no jjowever, 
effect on the pH; neither does clotting alter the observe p ^ u 

blood is left in the electrode more than five minutes, electrode on ‘ 

to glycolysis, is noticeable.^- ® Some studies made wi o 

blood pH of normal and hypertensive dogs are pubiis 
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COMPARATIVE STUDY ON A NEW SIMPLE METHOD OF 
SULFANILAMIDE DETERMINATION IN BLOOD* 


Mason C. Anbrews, B.A., .vnd Arnoi-d I'^. Strauss, JI.D. 
Norfolk, Va. 


"pilE extensive use of sulfanilamide ti'catment and tlie recognized importance 
of attaining and maintaining an optimal l)lood concentration malee it very 
teirable to have a metliod wliich combines simplicity and accuracy in estimating 
tais blood concentration. 

In this country the metliod developed by Mai-shall (1937) is accepted as 
satisfactory. Recently, Werner (1939) described in Lancet a novel method 
or which he claims advantages over jMarsliairs diazotization reaction; namely, 
sitnp icity of technique, which results in a considerable saving of time, and the 
reagents, since the new method eliminates the use of the 
^ G coupling agent, dimethylnaphtbylaminc. This method is based on the 
^ yellow color when Ehrlich’s reagent, para-dimethylamino- 
0 e }de, is added to the filtrate from blood containing sulfanilamide, 
lure Th^ report of investigation of this method in American litera- 

jjj jjaj, J ef this publication is to compare Werner’s method with that 

determinations of free sulfanilamide in blood in varying cases 
rnodific^^f this method. The following procedure incorporating some 

V dro^ found satisfactory : 2 c.c. of oxalated blood are added drop 

The ^pipette to 8 c.c. of a 5 per cent solution of trichloracetic acid. 

Jiddintr^ thereby immediately precipitated and is easily filtered off, 

to 4 ee 3 c.c. of fourth-normal sodium hydroxide is added 

‘h'elopsin followed by 1 c.c. of Ehrlich’s reagent. The yellow color 

*‘1 the to its maximal intensity. It is compared in the colorimeter 

soluiiojj of by adding 1 c.c. of the reagent to 7 c.c. of a standard 

to 10 c e distilled water, or by diluting 1.25 c.c. of the reagent 

' the standard. The standard, containing O.OS mg. of sulfanilamide 

f Laboratorj- of St. Vincent's Hospital, Norfolk. 

publication. Pebruarj- 24. 1940. 
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per 7 c.c. of water, is conveniently prepared by dissolving 0.8 Gm. of sulfanil- 
amide in 700 c.c. of water, or 1.143 Gm. of sulfanilamide in 1,000 c.c. of water 
and diluting 1:100. 

If the imImoMTi is set at 10 in the colorimeter, the readings of the standard 
vnll^ be milligrams per hundred cubic centimeter of blood, men the concen- 
tration of the unknown exceeded 10 mg., exact results were not obtained. How- 
ever, if the unkuoim is set at 5 and the readings of the standard are mnltiplied 
by 2, the results are exactly accurate. 

The reagents used include : 5 per cent trichloracetic acid, Ehrlich’s reagent 
(3 Gm. of para-dimethylaminobenzaldehyde added to 100 c.c. water containing 
3 c.c. of concentrated sulfuric acid), and fourth-normal sodium hydroxide. 


Table I 


MG. SULEANIL-AMniE IN 

100 C.C. BLOOD 

1 AVERAGE RESULTS BY METHOD OF: 

WERNER 

MARSHALL 

2.5 

3.1 

2.5 

5.0 

5.1 

5.0 

7.2 

7.0 

6.S 

9.0 

S.9 

8.9 

10.3 

10.6 

10.1 

13.0 

13.0 

12.9 

15.0 

14.9 

14.8 


Table I shows the results obtained by Marshall’s method compared pi|h 
those obtained by Werner’s method. Examination of blood to which sulfanil- 
amide has been added to produce Imown concentrations showed essentially iden- 
tical results. 

Examination of the blood of sulfanilamide-treated patients likewise jneided 
the same results by both methods. There has not been any interference bj other 
medications given to the patient. • h 

Werner’s method is accomplished by an extremely simple procedure vrhk 
seems to make it superior for large scale use and saves considerable time or 
a single determination. The time required for one test by Marshalls met® 
was about fifty minutes, although only fifteen minutes of that time was spen 
in actual manipulation. A determination by Werner’s method can be comp o ^ 
in twelx’^e minutes. The stability of the color developed by this procedure ma 
possible the use of a single standard solution for a large number of 
tions. ^ It fails to show' appreciable change after tw'o w'eeks’ time. Amp® ' ' 

is available for reading the tests, and a number may be done 
and read when convenient. The color formed by Marshall’s pro^dure dc 
orates^ rapidly', and each test must be read at a definite time, i 

possibility' of carry'ing out many' tests entirely' simultaneously. A new' s an 
must be made at least for each series of determinations. i-. 

Although the dimethylaminobenzaldehyde solution has a sh'ght y® ® ^ _ 

color, the distortion caused by it is not significant, except at very l®'^ ^ 

trations (Table I). If the dimethy'laminobenzaldehyde ciystals are very o ^ 
show' a greenish-brow'n color, the resulting solution is too y'ellow' for a®® 
Werner’s method is equally' satisfactory' for sulfapyridine 
A sulfapy'i’idine standard may' be made or the sulfanilamide standar 
the result multiplied by 1.5 to correct for differences in moleeidai 
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Werner also describes a very simple pi’occdurc for the determination of 
sulfanilamide in urine. He further gives directions for making a permanent 
set of standards from potassium chromate for use in a color comparator. Their 
use did not prove to be very satisfactoiy. 

A disadvantage of AV'erner’s method is that the yello^Y color developed is 
more difficult to compare in the colorimeter tlian the reddish one obtained by 
Marshall’s procedure. 

SUMMARY 

A new method for determination of sulfanilamide in blood developed by 
W erner has been compared with that of Marshall. This method gives accurate 
results while allowing a considerable saving of time. The reagents used, as well 
as the standard solution, arc stable. 

The disadvantage of this method is its use of yellow for colorimetry. 
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liAPID VOLUIIETRIC DETERJIINATION OF URINARY SODIUJI* 


Evax AV. jMcChesney, Ph.D., Rexsselaeb, N. Y. 


^ ENTL\ Strauss^ demonstrated that urdne, to which has been added 
leak and sulfuric acid, can he ashed very rapidly in silica 

for ™ ’^''^“tric muffle furnace. The method was developed primarily 
of potassium and, although the author suggested that it 
fact tl Ao the determination of sodium, she did not establish the 

older oould he done. Her method is much more convenient than the 

i™' Stoltea as applied hv Tisdall and Kramei-a .ryhich is both tedious 
®'l Kme-consuming. 

"’loatioti"^^''^*^’ laboratory, to make a largo number of sodium doter- 

^’ccanse methods now- available seemed suited to our needs 

'l>c rapij a'oquired. We, therefore, decided to try to combine 

I'J'foanf of Strauss with the determination of sodium as the 

'“fli a method of Kramer and Gittleman,* and we found that 

"'“.'■■(Ictcr ™’’J' satisfactory. ‘With these combined techniques one 

*•'« lioiirs""f'''i^°^*'™ duplicate on as many as eight urine samples in about 
' ~ ^ ° apsed time, or almut three horn’s of actual work. 

I'^Sor^rtorios, Wlnthtop Chemical Co. 

I ” publication, April 15 , 1940. 
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Reagents . — All solutions arc prepared as described in the original articlos 
with one exception ; the solution rrsed to extract the ash must he 0.4 per cent 
phosphoric acid instead of the 0.1 per cent solution recommended by Strauss. 
The reasons for this will be set forth below. Tliis reagent, 10 per cent tlioriuir 
nitrate, 10 per cent potassium hj'^droxide, and pota.ssium pyroantimonale re 
agent are kept in paraffin-lined bottles. 

Procedure. — An amount of urine containing 15 to 25 mg. of sodium (or 
dinarily this would be 5 to 7 c.c.) is measured into a silica beaker of 50 oi 
100 c.c. capacity, together with 1 c.c. of 10 per cent thorium nitrate and 1 c.c 
of 4 N sulfuric acid. The material is evaporated on the water hath, asked 
and extracted (with 0.4 per cent phosphoric acid), as described by Strauss, 
Samples of 1 c.c. of the extract arc taken for analysis. To these samples arc 
added 4 drops of 10 per cent potassium hydroxide to neutralize the phosphoric 
acid, after which the procedure followed is that of Kramer and Gittleman as 
modified by Eisenman.“ 



Interference of Thorium , — In her article Strauss states that 
tracted with 0.1 per cent phosphoric acid are thorium free, but this las 
our experience. Such extracts contain considerable amounts of 
is precipitated by the pyroantimonate reagent, and therefore give Un ' 
Data bearing on this point are given in Table I. 


Table I 

iNTEIlrEUENCE OP THORIUM WiTII SODIUM DETERMINATION 


SAMPLE 

NUMBER 

H^POj USED FOR 
EXTRACTION (%) 

SODIUAI TAKEN* 
(MG.) 

SODIUM FOUND 

(mg.) 

blink value 
— — oS ^ 

1 

2 

3 

* 4 

5 

0.1 

0.1 

0.1 

0.4 

0.4 

3.14 

2.61 

0.00 

3.14 

0.00 

3.S3 

3.31 

0.70 

3.27 

0.37 

0.70 

0.70 

0.13 


*Per cubic centimeter of ash solution. ^ ^ d 

Limits of the Method.— The work of Kramer and the 

their method to be accurate within ± 2 per cent. Balint las 
method gives results which are about 3 per cent higher than . le p03. 

Peters and Van Slyke" suggest that the results be divide p ^ imprcs- 
It should be noted that Eisenman, and Peters and Van } detcria®'^ 

sion that the method is accurate only when the amount o so 
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:is lEtween 2 aud 3.75 mg. per cubic centimeter of ash solution. Balint, on the 
i other hand, gives the permissible range as 0.5 to 6 mg. IVe felt that this point 
.was worthy of furtlier study and have found that the range of 1.0 to 1.5 mg. 
) gives a reasonable degree of accuracy (Fig. 1). 

Tabue It 

Arai-tsis of Ur.iNE VViTir Added Sodium Chlohide 


b SiMEIX 
^ MJXtBER 

; COMPOSITION j 

1 OP SAMPLE (C.C.) 

SOPIOM 

FOUND 
TOTAL (aiG.) 

SODIUM 
ADDED (JIG.) 

! SODIUM 
RECOVERED 
(MG.) 

1 

PER CENT 

RECOVERY 

URINE 1 

0.S7o Nad 

; 1 1 

5 1 

0 

18.80 

0 




5 

1 

21,97 

3.14 

3.17 

100.9 

3 

4 ! 

o 

21.39 

6.29 

6.35 

100.9 

^ 1 

3 

3 

20,82 

9.43 1 

9.54 

101.2 

5 j 

2 

4 

20.14 

12.58 

12.62 

100.3 

6 

1 

5 

18.51 

16.72 1 

14.75 

93.8* 


' ’tr A ^ ‘ jmanabij* been lou* when 1 c.c. samples of urine (ana, occasionally, 

the fliib ^ were ashed, probably because of the bulky and gelatinous precipitates formed in 
to tho in these cases a smaller proportion of the thorium is converted 

inalvjint it.' niore is left to form tlje phosphate. A similar situation was encountered in 

- lalned "n these^lanip^Ies^*^'^^* described in Table III : this probably explains the low results ob' 

Table III 

Analysis or JIiytere.s op Enown Composition 


_ 'S UBSTANnr 

• xici 

OtliM salts* 
r«a 

■ yater added 


1 

SAMPLE A 

SAMPLE B 1 

SAMPLE C 


20 Gm. 

10 Gm. 

None 


• 10.25 Gm. 

10.25 Gm. 

10.25 Gm. 

1 

20 Gm, 

20 Gm. 

20 Gm. 


1,200 c.c. 


1,200 c.c. 

. theory, 

0,55 

3.27 

1 0.0 

1 found 

6.31 1 

3.20 

1 0.0 


J/ef/iOfZ as Applied to Z/nne.— This accnracj' has been 


this mlxtu; 

^ccxiracy of the Method ,,, 

three ways; (1) recovery of sodium adcled to urine (Tabic II), 
d'.-IlU ^ ^uiot\Ti mixtures approximatmg the composition of urine (Table 
' ^^'^yionstration of the agreement of the values obtained with those 
that Butler and Tuthill.® It might be stated further 

I’cniarkahly precise, since it is not at all unusual to have all 
0"*^ ^wplicate determinations agree within 0.02 mg. sodium (that is, 
‘ difference), and differences of as much as 0.05 mg. are A'ery 

? ■' 
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THE STANDAEDIZATION OP pH -MEASUREMENTS WITH A PRE- 
CISION GLASS ELECTRODE AT VARIOUS TEMPERATURES* 


Albert Glaubiger, M.S., New York, N. Y. 


INTRODUCTION 


T he pH values of a number of biological products and bacterial media, ob- 
tained by colorimetric and electrometric methods, have been presented in 
some recent papersd’ ^ In several procedures employed, the test fluids nem 
diluted -witli fixed quantities of distilled water or physiologic saline solution, hi 
the present work the pH values of a number of buffer mixtures, diluted mtb 
varying quantities of distilled water and saline solution, have been detenninc 
" between the temperatures of 10° C. and 38° C. Since the measurement o p 
values is so fundamental in all biological laboratories, the nsQ of a stan ar^ 
pH scale is essential. The pH scale adopted throughout this wR is asc 
upon the pH values of primaiy potassium phthalate. Tlie pH vaues o 
buffer mixtures studied here have been tested by employing these ® 

puting the dissociation constants of the corresponding buffer acids i ni < 
of an approximation of the Debye-Hiickel limiting law. 

Earlier work on the standardization of the pH scale has jg. 

scribed by Clai'k.® Recent studies of Hitchcock,*’ “ Macinnes,' an e"- 
ciates have provided a fundamental basis for further pH studies, hi 
is based essentially upon the methods employed by these workers. 

The dissociation constant K' of a Aveak acid HA is a function o 
value of a solution of the acid and its salt: 


pK' = pH - log 


Ca 

CiIA 


( 1 ) 


activities 0^ 


By replacing the stoichiometric concentrations Ca and Cha by t ie ^ 
the acid and its negative ion constituent, pK' may be expresse as 
of the thermodynamic dissociation constant K: 


pK' = pK -L log (2) 

For moderately dilute solutions Hitchcock has proposed, an aiP 
of the limiting law:’ 

f 


Ion 


fr 


= B/x - A (3) 


dmatiba 


.dent 


where A is the familiar Debye-Hiickel constant and B is a expi'e-^' 

of the concentration but may vary for different solutes. The prec 


♦From the William Hallock Park Laboratory; Bureau ot. Laboratories, 
Health, New York. 
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I 

sion for log is siibstifulecl into equation (2); pK' is obtained as a function 
InA 

of the thcrmodj-namic dissociation constant and of an approximate form of 
the limiting law ; 

pK' = pK - A V7 + Bja (4) 

The following procedure was employed in our work. pIC' values were first 
computed from the measured pH values of the buffer mixtures by means of 
equation (1). It was found that by employing the apparent linear relation 
hetween the expression (pK' + A Vf» and the ionic strength fi, the constants 
pK and B in equation (4) could then be evaluated by the Jlethod of Least 
Squares. pK' values for the buffer acids computed by means of equation (1) 
were then compared with pK' values computed by means of equation (4). 
The deviations between the two sets of pK' values for a given buffer acid at a 
gi'cn temperature serve as a measure of the degree of conformity of the pH 
scale adopted in this work with thermodynamic principles and an approximate 
form of tire Debyc-Hiickel tlieoiy. 

The foregoing method was essentially that of extrapolation employed by 
jcrriim and Unmack' to evaluate the thermodynamic dissociation constant 
0 citric .acid and other weak acids at various temperatures. 


EXPERIMENTAL 

The procedure adopted consisted in the measurement of pH values of 
t solutions set up in a galvanic cell with liquid junction : 

• Glass, Solution XiICCl (saturated): HgCl, Hg 

^*^®ter was employed in conjunction with a Macinnes-Belcher 
in th r glass electrode. The latter has been amply described 

'ordiL**”^™*^ * " Electron Ray Meter is a potentiometer capable of re- 
ol a c"th**a millivolts or pH units. The essential parts of the meter consist 
Md tate which in conjunction with a triple grid pentode detector 

inslni™^ '* null-point indicator. In these determinations the 

Buff* vveord directly in pH units. 

®<>lar s Tt ™ prepared with Baker’s "analyzed” salts. A 0.05 

I ' rrimar"’ '°Ti°^ primary potassium phthalate (KHCbH.Oi) was employed as 
' Uirohascd / ®l““‘l‘''rd. The latter was prepared from the crystalline salt 

*1® have h™"* National Bureau of Standards. The pH values of this solu- 
^ *l'*lr work '‘''refully determined by Maclnnes and his associates.' Using 
"l^Ptcd a,s ^ 11m following pH values of 0.05 molar KHCgHiOj were 

‘ ■ s andards of reference throughout this work : 


Test 


^elutions 1 


t'c. 

10 

25 

3S 


pH 

4.00 

4.00 

4.02 


I'tiate Y„pjj^J^'mre prepared from the buffer mixtures by dilution with appro- 
l>n distilled water or 0.1454 molar sodium chloride solution. 

"Id' the tcst'il*^™™*^ were carried out by enclosing the glass electrode filled 
ttid in an electrically grounded metal case, which in turn was 
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enclosed in an incubator witli thermostatic temperature control. By means of 
the latter the temperature around the glass electrode assembly (glass and 
calomel electrodes) was kept constant within ± 0.5° C. during any measurement. 
IVhen not in use, the glass electrode was filled with distilled water. By this 
practice the residual potential within the glass membrane (asymmetry poten- 
tial) is maintained at a low constant level.*® 


EXPDKIMEXTAL RESULT.S 


The pH values of the unknown test solutions in the accompanying tables 
represent the results of at least three concordant measurements at each tempera- 
ture. For the test solutions between pH 4.0 and 9.0, the IMacInncs-Belcher 
glass electrode in conjunction with the Electron Raj- Jlcter, functioned acen- 
rately, well within tlic limits ± 0.02 pH unit. For test solutions having values 
ranging from pH n.O to 9.3, the accuracy of the instrument was reduced to 
alwut V 0.03 pH unit. Employing the pH values assigned to the standard 
plithalate hiiffer, tlie apparatus yielded pH values for the undiluted buffers 
'diich differed from the values obtained by Hitchcock and Afaclnnes with the 
Mrogen electrode by ± 0.01 pH unit. However, t!ic i)II values of the acetate 
uffer mixture at 25® C. and tliat of tlic borate buffer at 38® C. differed from 
'6 lalucs obtained by i^EacTniics and Hitchcock by ± 0.02 pH unit.^'® 

^ The following valuo.s of the Dcbvc-Huckcl constant were employed 

C(iiiation (4) : 


t^C. 

10 


A 

0.493 

0.500 

0.519 


Jj'Malue of^A at 10® C. was obtained by graphical interpolation. Between 
• and 18° C,, A is approximately a linear function of the temperature. 

' l-he results obtained with the phosphate buffer mix- 

C ^ tliese solutions consist of 1 ;1 Iniffer mixtures, 

'lumcH equal and the pK' values computed from equation (1) are 

^ equal to tlic measured pH values of the buffers. Likewise pK" 
' PlI measured pH values of the saline buffer mixtures. The 

^nes la^e, therefore, been omitted from this table. 

i iiiled w^T^ sh'cs the dilution factor or the percentage dilution with dis- 
' sivethe^^l^^ 0.1454 molar sodium chloride solution. Columns (2) and (3) 
■^fcondar^^ of primarj’ potassium phosphate (KH2PO4) and 

of tT (NaoHPOj), respectively. Column (4) gives the 

^*^^4 and strengtli of the test solutions. Column (5) gives the ob- 
^'4 equati values of tlie buffer acids by means of equation (1) 

the ^ I ^‘^spnelively. Columns (6), (7), and (8) contain data for 
been incl'^T^^ diluted witli 0.1454 molar sodium chloride solution, which 
c-r.1 1- tal)lo for comparison with the corresponding data in 

(Table I). 

the buffer mixtures equation (4) was altered in accordance 

stroii<fth oT'^ ^fftraction tlieoi-y by the use of 3A in place of A. Tlie 
‘ 0 the aqueous buffer solutions w'as taken as four times the con- 
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ccntration of cither pliosiihate salt. Tlie ionic strengtii of tlie saline buffer 
solutions was taken as the molar concentration of sodium cliloride and four 
times the molar concentration of cither jdiosphatc salt. The averap:e differences 
between pK' values obtained from equation (1) and those computed from equa- 
tion (‘1) are + 0.01 and ± 0.00 at 25° C. and 3S° C., respectively. 




polatlon of pK,' data for acetate buffers, triangles; phosphate buffers, circles; and 
( borax buffers, squares. 

buffers are summarized in Table II. The following 
of the hydrolytic reactions liave been jiroposed 

Na2B40j + HnO = 2Na* + 2BO-. + 2HBO2 (A) or 

■ ^ Na.BjO, + 5HoO = 2Na' + 2H.BO-,, + 2H.,B03 (B) 

I'iclioii that neither reaction (A) nor reaction (B) go to com- 

in tlie'i uctual alkalinity of 2 x 10"® mols per liter of hydroxyl 

■ ^'^hvceii the ^®^^Oions. He suggests that this may be due to a reaction 

water to form undissociated acid. Therefore, Cha 
’ ffltion of sod" (2 X 10"® mols per liter) to the molar concen- 

the rtiQp*” i^orate. Likewise, Ca was taken as equal to tlie difference be- 
‘Concentration of borax and the hydroxyl-ion concentration. 
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Since pK' values computed bp means of equation (1) were numerically eqaa! 
to tlie observed pH values, the latter have been omitted from the table (Tahk 
II). 

For the aqrreous borax solutions the ionic strength was taken as twice tlie 
molar concentration of sodium boj'atc. For the borax buffers diluted will 
sodinm chloride solution, the ionic sti-ength rvas taken as the sura o£ tk molai 
concentration of sodinm chloride and twice the molar concentration of sodiam 
horate. The average diffei*enee.s between pIF values obtained from equation 
(1) and those computed by means of equation (4) are ±0.00, +0.00, anti -O.M 
at 10° C., and 25° C., and 3S° C., respectively. 

Table III summarizes the data for the acetate buffer mixtures. Both the 
ionic streiigtli of tlie aqueous buffer mixtures and the concentration of the 
negative ion constituent, Ca, were taken as equal to the molar concentration 
of sodium acetate. Tlic concentration of the undissociated acid, Cha, was 
as equal to the molar concentretion of acetic acid in the buffer mixtures, fho 
ionic strength of the saline buffers was taken as the sum of the molar concen- 
trations of sodium chloride and sodium acetate. 

The average differences between pK' rmhies obtained from equabon (1) 
and those computed hy means of equation (4) were +0.01 at 10° C., 25° G., as 
38° C., respectively, for the acetate buffers. 

Fig. 1 shoivs graphically^ the method of extrapolation employed to 
the constants pK and B in equation (4). The points on the lines were o tam 
by the Method of Least Squares, using the appropriate data in Tabes > ^ > 
and III for aqueous solutions of tlie phosphate, borate, and acetate biito 
tures. The best straight lines were then drawn through these 2 ^oints { ' 

The intercepts on the pK' A Vg axis give the pIC values of the 
at infinite dilution. A comparison of limiting pK values obtained in t ns s a . 
with those obtained by others is given in Tabic IV. 


Table IV 

Loutixg pK Values of Some Weak Acids at 10° C., 2.5° 0., a xp ^ 


— ' — 

■rr — — ~ 

— . — . - 






ACID 

CH^COOH 

t° c. 

1 10 

1 25 

1 38 

(G)^ 
4.70 1 

4.78 ! 

4.76 

(5)t 

4.766 

(13) 

4.702 i 

4.7572 

1 

4.7562 ! 




H,BO, 

10 

9.35 


1 

1 


0 237 



25 

9.25 







38 

9.14 

9.14.3 1 

. 

. 

„ — — — ■ 


H,PO, 

25 

7.20 

i 

j 

1 : 


1 _ 

(pK) 

38 ! 

7.18 

7.19 i 

1 




^Obfai'neU by the method of least squares from the appropriate data in t ^ j/Hcli 
tlnterpolation of data of Harned and Elders," Oiven," and Kims, 
cock and associates. 


Table V gives the pH values at various temperatures of 
commonly employed in electrometric pH measurements. assocbl^'^ 

with the pH values obtained by Hitclieock,''’ ^ Maeinnes/ an jj,e 

at corresponding temperatures, using the hydrogen electrode, w 
values obtained in the present xvork differ from the values o a 
workers by more than +0,02 pH unit. 
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Table V 

Comparison op pll Values op Standard Buffer Solutions at Various Temperatures 


BUFFEP. MIXTURE 


(O) 


( 6 ) 


(4) (5) 


005 M KHC,H,0, 


001 M CH,COOII + O.01 M CHjCOONft 


10 

12 


38 


4.00 


4.00 

4.02 


4.000 

4.000 

4.015 


4.010 

4.025 


0.025 M KHjPO, + 0.025 M NrjHPO, 


10 

12 

25 

38 


4.70* 


4.72* 

4.70* 


005 M Na,B,Oj 


25 

38 


6.86 

6.83 


10 


0.30 

0.18 

0.05 


4.710 

4.700 

4.710 


6.855 

6.835 


9.180 

9.070 


(G) Measured pH values obtained In the present work, 
and 0.0i250^1I^CH,COONa''* sodium acetate and acetic acid used here- 0.01308 M CHjCOOH 


DISCUSSION 

th pH data in the tables shows that the pH values of all 

J e u er solutions increase with increasing aqueous dilution. "While the in- 
eases acetate and borate buffer mixtures, the phos- 

oer ^ trt' ^ increase in pH, amounting to 0.2 pH unit at 90 

‘ t{ire.r^ ff distilled water. On the otlier liand, all the buffer mix- 

elilofd^ ^ decrease in pH, with increasing dilution with sodium 

results are in agreement with those obtained by other 
while increases in temperature affected the undiluted 
pH iinii\ buffers least, the borax buffer suffered a decrease of 0.25 

PHval 38° C. It has already been pointed out that the 

taincd ^^^diluted buffers showed good agreement witli the values ob- 

Siuec Hacinnes Avith the hydrogen electrode, 

of the ite \ Possible to measure mean ionic activities only, pH as a function 
th(^^ logarithm of the hydrogen-ion activity cannot be placed on a 

-'strict the basis. AVith this fact in mind, any attempt to provide a 

^ • of >"amic basis for the pH scale is necessarily limited. The efforts 

' fxtremelv'^dV^'^ associates in tliis direction are noteworthy. Employing 
f'afTcr mivt * applied the limiting law to pK data on acetate 

^ bSckel fonsta^'^ HoAvever, values of the Debye- 

" theory- 6 ,p. ^'"are obtained Avhich were greater than those required hy 

'' Radicate that if pH were a function of mean ionic activities, 

“Pproaehthe -*^1 would yield curves whose limiting tangents would 

^ Since tl obtained Avith their data on acetate buffer mixtures.'®’ 

' ^^rrant the^^ ^‘^Jjffions employed in this Avork Avere not sufficiently dilute to 
thcor - ^'^ation of the limiting law, an approximation of the Debye- 
>' PK Psed. The method of extrapolation applied here gaA'e limit- 

I'/’ljlalned buffer acids Avhich shoAA'ed fair agreement Avith the values 

' ^*f boric the exception of boric acid at 10° C. The pK 

Unit lower^tl * V f'bc procedure described previously, Avas about 

of B jjj ^ obtained by OAven for the same temperature. The 

a^i,] *^911011011 (4) A'aried Avith the temperature and the type of buffer 
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SUMMARY 


Using tlie pH values assigned to a standard phtlialate buffer as reference, 
the pH values of acetate, phosphate, and borate buffers diluted with water and 
with sodium chloride solution have been determined at 10° C., 25° C., and 3S' 
C. until a glass electrode in a cell with lirpiid junction. pK' and pK" valius 
have been computed from the appropriate pH data for the aqueous and saline 
buffer solutions, respectively. Employing the apparent linear relation between 
(pK' + A ^/ jx) and p, limiting piv values of the buffer acids have been computed. 
Tests have been made of the degree of conformity of the pH scale adopted in 
this work with the limiting pK values and an approximation of the Dehve- 
Hiickel limiting law. Within the limits of ex])erimental error the Macinwy 
Belcher glass electrode, in conjunction with the Electron Bar hleter, gave ac- 
curate and reproducible pH values which were in agreement with the values 
obtained by others with tlie hydrogen electrode. 
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MEDICAL ILLUSTRATION 


jrOUIjAGE PKOSTIIESIS 
Caul Damk C’LARKn, Ph.D., BAr.TtMOKn, ^Id. 

With Iixustratioxr nv John T. Strixorr, Jr., and Carl Damt: Ci.arkh 


THE art of frtee ami l) 0 (ly restoration is not now. In fact, the Hindus de- 
veloped methods for the repair of nasal defeets whicdi today are con- 
'dered good operative procedure in rhinoplastj*. This was only one of their 
Jifiicult plastic feats. According to Kazanjiati, Rowe, and Young,* the litera- 
luie of plastic surgery date.s hack as far as Celsus (23 b.c.) and Galen (a.d. 
ljll-201). They call attention to Paul of Aegina (a.d. 630) and Branca (1442). 
''tj also mention Amhroise Pare (1541), Tagliacozzi (1546), Pierre Fauchard 
Ji-8), Bourdet Suerson and Dclabarre (1820), Ilullihan, Kingsley, Claude 
httin, Nelaton, and Zeis (1900), and others. In 1875 Martin was the first 
ff'iiceive of immediate prosthesis. 

ii’om the prewar plastic surgeons, Morcstin, J^exer, and others, it will be 
and medical and dental literature contains many articles, methods, 

case reports concerning .surgical and mechanical means of correcting 
iVorid \V The horrible maiming effects of the first 

«ol Produced innumerable patients for surgeons, dentists, and moulage 
'ers to treat. It was during war times that the art and science of prosthesis 
h'lgantic strides forward. 

consideration of the fact that another World AVar is now in progress, it 
bfr. there will he hundreds, if not thousands, of cases demanding 

appliances. 


U'linL ^ published a book on the subject of MoJdmg and Casting- in 
{ -‘‘Pn 1 discussed .i. . . ..11 


• previous work in moulage prosthesis in detail, as well as 

'^'itre hav'*^ P^'^^f'ut-day use for producing liic.se prostheses. Since that lime 
^.Jves ^ on the market many sj'nthetic plastics which lend them- 

'’'c method* f uiaking of prostheses. It is my desire to describe herein 

^'‘*^'sini 1 ^ uinking both a moulage prosthesis on wliat would ordinarily be a 
'ialls on 11 ^ prosthesis for a more advanced case. Sucli work definitely 

’I'^osthetie illustrator as well as the physician. The formulas for 

compounded liy tlie Avorker, or the compositions may he 

I The ' 

^l^’fuctcd if make a single mold and cast of tlic part to be recon- 

ill \va\ f u’ simple one. From this mold he can make a rcconstruc- 

■ 1 ^ missing part. Practicallj’ any dental laboratory can repro- 
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diiee a synthetic plastic duplicate from this wax original. False teetli arc madi 
in • the same manner by the dental laboratory from a mold supplied l)y thi 
dentist. ' __ , _ 

Above all else the case in mind’ for reconstructive 'procedure shoitld b 
considered carefully before any worlc is .begun. The worker should determim 
whether it is more suitable for treatment by plastic surgery or by reeonstriic 
tive prosthesis. It should he clearly understood that while the result o 
surgery may he more satisfactory, its application may involve danger, aud paii 
that is distributed ov'er a period of %veeks, with uncertain and often inortifj 
ing. results. The prosthesis, while not a permanent cure, is without dange 
and involves no pain to the patient either in the making, or in the weaiin? 
For patients unable to withstand the' debilitating effects of operathe.pidw 
dure, a prosthetic appliance is strongly recommended. L do not nd\ocat 
the use of a prosthesis in preference to plastic surgery for the collection o 
facial defects. The case ‘in question must be the deciding factol. Hoveiej, i 
cannot be stressed too forcefullj'^ that plastic surgeiy alone should not c 
sidered hr every ease. • 

■ Lederer^ writes that skin cannot be molded in the manner of clay , 
it is very difficult to produce n lifelike nose or ear by plastic suigeij- 
’ nose is constantly under the scrutiny of others, >and it stands to 
•the patient would be no worse off without his pose or perhaps '"i • 
a'dhesive dressing than he would ‘with a few clumps of grafted.s ^ 
best ayould still be extremely conspicuous. Lederer maintains lu^^ 
he, as w'ell as other plastic surgeons, has been disappointed in t ieji 
of' his painstaking labors and, in a measure, feels guilty fm ]{U 

‘his patients to operations which hot only brought them gieat 
and suffering, but in many instances jeopardized their health 
had scars remaining where tissue was grafted, spent many p,girfforl 
weeks in a cast (when Italian grafts ivere utilized), lost time • 

and in some instances had to accept primary failure owing to po ^ 

• , Van Dijlv* 'found that the ears he formed by plastic suigei.' ,vcr 

and not. suffici’ently erected, and that the fossa scaphoidea and t le 
not built up. He planned. in his next patient to get the.eai moie 
implants' of cartilage, thus giving it a more shell-like jh fb 

klore and more the surgeon is beginning to recognize a su 
•form of a prosthesis for certain . plastic procedures. H jusf!!*!* 

heating art are inseparably related. The future of restoiatne ,jj,gigjan t 
the field 'of prev'ention, lies in the closest cooperation heUiee , 

surgeon and the prosthetist. ' • 

Furthermore, if the ■ surgeon is wmrking with a pi rested' 

of adequate .surgical preparation for the application of an a .^gpietic a 
tion cannot lie too stronglj' stressed. The 'failure • of j.estonit'*” 

tempts is often .caused by the unfortunate .necessity uf at ap^^ j,,,P.s;spatb 
to areas, of soft tissue which have been 


nate .nece.ssit^ . . . .p.gspnw 

distorted and coiih-acleO.! »” . 
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'•scar tissue find improper postoperative procedure. The success of a prosthetic 
restoration's in a great measure increased as the degree of mutilation is 
lessened. ' • • 


The ability of the surgeon and of the moulage worker has much’to do with 
; the final result in either case. I am unable to criticize surgical technique but 
•' I am more fapiiliar with the jirocedure of moulage making and the final 
prosthetic appliance. _ In my opinion these i)rostheses suffer from the same 
.-defects that are prevalent in most medical art work. In short, tliey lack 
,, .artlstie skill in c.\ecution and naturalness in its simplest form. The artificial 
appliance to the human face should, above all else, look realisticallj’’ natural 
^ I and individually suitable. The conspicuous errors of most poor prostheses are 
. generally the result of a lack of artistic ability and appreciation on the part 
, of the surgeon or prostheti.st. These difficulties may be overcome by having 
the prosthetic appliance mnde'hy 'a skilled prosthetist in close cooperation with 
the pJasUc surgeon, ‘because the surgeon or dentist has considerable abilitj’' 
m Surgery orinoulage making does not necessarily mean that he is an artist. 
‘ ability or judgment to choose the correct feature in size and relative 

■ to be fitted next tb other adjoining features of flesii and blood may 

‘ he lacking. 


: -t nother eventital stumbling block to the surgeon and dentist is the final ' 

;'. coormg of the artificial part. It takes .considerable experience in handling 
^ ^^Jitur/il color sense to blend perfectly the many different hues 
' '•and to match the surrounding tissue. Hair, bristle brushes 

T'arfV^ pigments and pastes are often used for thij purpose. The 
chr'^* color, sense yearns to '‘touch up” the average mono-- 

'^'locir^' which in its single hue is not natural. He desires further 

^‘Diare'" ii^any false tonbs and shades of a modernistic pictorial night- 

'tb \ iiiaking of the best facial prosthesis close cooperation between 

-■‘little and prosthetist is essential. Even the physician having 

■' ability can make acceptable prostheses of simple cases, 

close ’cooperation with a dental laboratory. 

!>ion prosthesis the first step is to obtain a mold or impres- 

‘-’^ork pnH. An agar composition is generally used for such 

''''“hydr material may be purchased under-the trade name of 

find others Co.), “Dentoeoll” (L. D. Caulk Co.), 

11 ^ composition may be prepared from one of the 

!(‘>*''terestea^^^i articles listed in the references. If the worker is 
"‘k find it ^ results he obtains rather than in the .materials he uses,*he 

' '^^sirable to purchase the composition already prepared. The 

^d!in[r comes in a han'dy collapsible tube which is placed in 

v^bwod ^^^^'^^iautes. It is then transferred to lukewarm water and 

f'. I'hcfd dti where the tube does not feel uncomfortable when 

So u- wrist. An agar composition should never be applied when 

/ would be \ineomfortable to the patient. This material 
lil'’ ('l7.S’pj reaches a point (42° C.) slightly above body temperature"' 

<//■ ■ • fhough the patient can withstand the heat, the material must 


;»i ^ b p to 


FIS’. 1. — A. Front view of a defective area on the nose. 

A side view of the same area. 

The ^Yar^l ag:ar composition being applied to the nose directlj ro 
A front view of the agar mold in place just after setting. 

The agar mold being removed. - 

Tlie agar mold being filled with plaster of Paris, which sets o 
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^^tathirjp 'rhi'o « defect 


after lemoval from the agar mold. Tlic agar mold can 


^ JRg. Thl«i lo ,1 defect lias been filled with additional plaster to allow a space 

r<-ma5ni ^ brush and a plaater-water mixture. 

the't^YM the defective area Is filled with a wax composition (the formulas for 
'je aro.i j, fl.j , A briisJi is used for applying the hot wax mixture. This is continued 
t'- Tht \v.> I the wa:- 


down with an ordinarj- scalpel and shaped to follow the natural 
' the Max (a poj;:'.; A sharp, pointed probe is inserted into the ivax from the Inner 

”• iL not adhere strongly to the wet plaster. 

^‘sUm 'Nax is prosthe.sjs being removed from the plaster nose 

!'> for rcnrnV*^^! patient's nose. If it fits perfectly it is turned over to a 


w tor Potent.! the patlen. . . . 

fiJiii rnn\u® sltin of th^ of the modem synthetic jilastlcs. A plastic is chosen 

p dissolved (n Tills completed prosthesis Is held In place by a solution of 

Ji'hw,-;' 'Mo M.w .T 

^*‘dj Mitk^i.^osmotica nv-nl? with the prosthesis in place. E and P show the patient 

'^h thu siii^ ^ tv,« . prosthesis. The false area may be m.ade to blend more per- 
I me use of "Covermark" or a similar cosmetic. 
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remain in place longer for sufficient cooling or setting time. 'When the tuhe 
has sufficiently cooled, its end is cut with a scissors and the material is 
squeezed over the afflicted part (Fig. Ic) . In ten minutes the agar composition 
sets, after which it is removed (Fig. Ic). This mold should not he removed until 
it definitely feels firm. An entire ear can he cast in the same manner in a one- 
piece mold. This mold can then be filled with either hot wax or plaster oi 
Paris. Wax should be used in making an ear as an intermediate step for a 
final rubber or synthetic plastic prosthesis. However, in considering the patient 
in the illustration (Fig. 1), it is best that the nose in this case be made in 
plaster of Paris, for the defective part must be modeled in wax on the plaster 
This is done because the wax will separate readily from the wet plaster. 

After the plaster nose has set, it is removed from the agar mold (Fig 
2a). Additional plaster is applied with a soft brush to the area represente } 
the opening in a normal nose for breathing. This will create the opennio ^ 
breathing in the prosthesis. A bmish is then dipped in a hot wax composi loi 
and applied directly over the defective area (Fig. 2b). 

A wax composition suitable for this purpose is as follows: 


Farts hy weight 

Paraffin (62° C.) 

Bosin ^ 

Carnauba wax ^ 

A read 3 ^-made wax may be purchased from dental supply jq, 

wax has set, it is carved with a pocketknife, scalpel, dental oi sen p 
until it takes the shape of a normal nose (Fig. 2c). 

A sharp, pointed probe is then inserted from the innei ,pj„ 2d 

ala and with a slight pressure it should separate from the wet ^ p^^fcctl 
This Avax piece can be tested on the patient (Figs. 2e and /)• | spthet' 

it is turned over to a dental laboratorj’- to be made into one o 
plastics, such as “ Vernonite, ” “Crjmtalex,” and “Lucetone. . ^ 

shade should be chosen which matches the patient’s skin as neai *' 

If in the wax stage the prosthesis does not fit, it can be adjuste 
that it will fit the patient. 

It is not advisable for the average phjmician or surgeon to atte _ 
final stage in the making of a prosthesis, since the dental s}'ntbd 

equipped for such work and its charges are reasonable. 
plastic part is finished, the edge that comes in contact wit i tc ,j,| 

with a solution of gum mastic dissolved in equal parts of alco solvent b 
prosthesis is then put in place and held there with a finger im 
evaporated and caused the gum mastic to hold it in place. i ■ 
a minute in most instances. jaiowledg® 

A more complicated case (Figs. 3, 4, and 5) requires pr, A. 

making prosthetic appliances. This case was a patient o 
Russell, whom I assisted in dev^eloping the prosthesis. 

The first procedure was to obtain a plaster cast of the a grow: 

condition. Tubes were inserted in the nasal cavity and gauze v 



CLARICE; SIOUIiAGE PROSTHESIS 


907 


the tubes. The mold was tlicn made ol agar and reinforced witli a plaster shell 
oniiotliLT mold (Pig, 3c-/). From this mold the plaster positive or east which 
■sliowcil the com])lete facial defect was made. In this ease ordinary gra.v 
plasteline was used to model a nose on the plaster ease (Fig. 4&). This, of 
course, requires artistic abilit.v or training. However, the modeling of a nose 
is not essential, for a mold may he made of a living person who has a well-formed, 
it not an idealistic, nose. This penson must he of the same type and general pro- 
portions as the patient. The cast from this second mold ma.v he trimmed to fit 
into the open space on the plaster mask of the patient. The edges between the 
two casts may then he smoothed out h.v the use of plasteline. 

From the modeled nose a mold was made of the reconstruction only 
(Fig. 4c) and a red wax impression was made from the mold (Fig. 4 c-g). 
The red wax east is later removed from a iiiecc mold; it sometimes requires 
boiling water to melt it. The subject of agar and wax compositions has been 
(liscussed. 


Upon its removal from the mold (Fig. 4c), the back of the cast was modeled 
or carved into the shape (Fig. 4d). An extra knob was added to the wax im- 
pression as a support for attachment to the artificial palate which had been 
made previously. . 

After the wax impression wa.s modeled or carved to the desired shape to 
Slut the mechanical nocc.ssities of the east, a piece mold of the entire cast, in- 
‘'“aing front and hack, was made (Fig. 4c). From this mold other red wax 
'Mts seen in d could bo made. This is the same piece mold that is to he used to 
tlio final impression, provided the red wax east fits the patient. Tests to 
snugness of the fit were made on the original plaster east of the 
e attef ti,,, plastQi;,]^ removed. Such tests were also made by 

'■ mg the wax impression on the patient (Fig. 4/ and g). The tinal impression 
"at then cast. 


1 C material used for this final cast should be considered seriously. Nu- 
gelatin (Henning’s metliod, described by Salamon; 
y ° on by Zinsser, Pont, Bercowitsch Kazanjian, Rowe, and 

a, "j” ^ metals, .such as aluminum, have been used. Plastics, such 

tions ™ ''■''laanized rubber (not vulcanized latex) and celluloid composi- 
■a\c been employed as positive easting materials. 

'hted tised in the past have been discu.ssed fully in tlie articles 

to he In my opinion the best materials for making a prosthesis 


''“In on the f.^cc arc the synthetic plasties previouslv discussed, and vul- 
In comp 

«"liackwhe,uhoyai 


Ionized latev t - . - . 

. rn comparison with rubber the synthetic plastics Imve one serious 


tifj '“'^y are considered for large prostheses as, for example, an en- 

' arc hard and rigid, and somewhat heavier than rubber, 
ajj coloiv """''age prosthesis of rubber, vulcanized latex, powdered fillers, 
latcj are used. First, the powder is added to the flesh-colored 

is obtained. Permanent water-soluble aniline 
to ^ neutral or alkaline reaction are used for coloring tlie vulcanized 
latex is then poured into a plaster mold and allowed 
^ ^intil the plaster absorbs enough water from the vulcanized latex to 
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nf a carcinoma* 

Fip. 3.— A- Front view of a patient showing: the healeJ lesion 
flcial hard palate has been made and put in place. raiii^ '■ 

B. Side view of the same patient. breathing. '' 

C. Rubber tubes are inserted into the opening to facilitate material 

packed around these tubes. Agar is used to make the mold, feom 

the illustration to cover the gauze. 

Z). The agar mold near completion. catiD'*' 

E. The agar mold is reinforced with plaster. to fi" 

F. The removal of the two molds by gravity. The gauze that 
the face can be seen. 


» B A Plaster impression of tpe fnee from the agar mohl. 

in plasteiine on ttie plaster cast. A plaster impression is made of the 
«. iVhiift ' , «hfcii a red wax no.«!c is Cast 

Piece ii> still in place the back of the red wax is molded to form a 

nf liJe red wax nose. 

H Is tested with the glasses on the plaster cast. 

0. p,„’ «'«<! <0 the pattent. 

i«w of the patient with the red wax nose in place. 
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cause a deposit of sufficient thickness. The surplus is tlieii poured out. Tlic 
latex can also be painted, ]a.yer by layer, into an agar, wax, or metal impression 
of a duplicate of the part to be replaced. Each layer of the rubber composition 
sets within a few minutes, after which another layer is applied. A celluloid 
solution ma}’- be poured or painted over this rubber to give it additional .support 
and serve in a manner similar to the cartilage in the ear. The liquid celluloid 
may be made by dissolving scrap celluloid in butyl acetate. After the celluloid 
has set, more rubber may be 'painted over it, thus incasing this inflamniahlc 
material in rubber. In other words, the rubber takes the place of flesh and flic 
celluloid takes the place of cartilage. After diying, the resulting rubber cast is 
removed from the mold. Gentle heat speeds the setting time of such nibhcr 
casts. 


It is far more difficult to trim and patch rubber impressions than to do the 
same work on wax or plaster impressions. Such trimming as is necessary imist 
be done with verj^ sharp wet knives. A wet blade cuts rubber more easily than 
a dry blade. Because of the difficulty of patching rubber positives, as inanj 
corrections as possible should be made on the mold. Another method is to ob- 
tain a thoroughly trimmed and patched wax cast of the individual, and mahe 
a second mold over this impression in any metal, except copper or zinc, b.' 
electrodeposition of the metal. Nickel may be electroplated on the wax, then 
coppei’, and then nickel again, thus incasing the copper between two la.U“is of. 
nickel. The metal mold is then used for casting rubber impressions. In uost 
cases an unlimited number of positives may be obtained from a single mo 

In making a prosthesis of a hand, agar composition can be used to secure « 
one-piece mold. Wax is poui’cd into the mold to obtain a wax jiositiie. A one 
piece plaster mold is made over the xvax, and the wax is removed fioni 
plaster with boiling water. Vulcanized latex is poured into the 
plaster mold to obtain a rubber hand. By this method even the pores o 
skin are duplicated. . 

Vulcanized latex, which is sold under the trade name of ‘ VidteX; is 
doubtedly one of the best materials to u.se for making large artificia pa’ 
be worn on the human body. It has many advantages: (1) Vulcanizing' 
are unnecessary. (2) It sets in a closed plaster mold into which it may 
through a funnel-like opening. (3) A separating medium is not ncc^^^ 
as vulcanized latex does not stick to plaster of Paris. In fact, the P 
sorbs the water from the mixture and causes it to set. (4) Colois, 
carmine (acid-free red water color in tubes), may be incorporatec i^ 
canized latex to give it a flesh tone before it is poured. There is cnoUr • 

is aduco. 


: agents 


ivhe poured 


in the set Vultex to give it a fieshlike tone when the carmine i.s 
oxide may be added to the liquid vulcanized latex to prevent i 
prosthesis from becoming a too dark yellow. (5) j^^ixtiircs- 

much in highly concentrated vulcanized latex mixtures ^ -ni'cstlies's 

Unless the mold is tamped or jarred during the pouring, the resu (jiiekcr. 
may be partially hollow. Fillers can be added to make the mix u 

i , _,^gcnt. lOl 

•This material may be obtained from R. AV. Edmonds, Manufactii^'^ 

Street, Baltimore, Md. 
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Tliesc increase the tendency toward a liollow casting. Of course, large pros- 
tiicses, such as hands, should be hollow. 

Should light metals, sucli as aluminum and silver or their alloys, be chosen 
for the prosthesis, the metal may be shaped to the correct form in a swedge mold 
or die and counter die. These may be of plaster. The formation of the metal 
miLst be taken in easy stages, with numerous counterdies of different levels to pre- 
vent tearing of the metal. The metal is then annealed between each stage. 



tie used for nose fits perfectly the snme mold used for casting the red wax 

niachpd to the the final positive material. In this illustration the final cast has been 

P‘ A *' «acles. An artificial mustache has been attached to the final cast. 

A front vle^^ of the same patient. 

considered inferior to other substances for attachment to 
findvTl^^n ' should the worker care to pursue this subject he may 

I liT ^ ^ in the dental literature. 

moulage prosthesis more fully in the hook, Molding and 
'''''hi two puhlication of this book the Mayo Clinic has pub- 

subject"’ " which give specific formulas for compound- 
“ol lit cv* *’*°**'*''®'^® vulcanized latex. I find that a single formula does 
Hem fn worker understands his materials, he is likely to vary 

cases. 

^^<"1 to tlis patient with tlic gum mastic solution pre- 
Itanic', fj' some mechanical device as eyeglasses or eyeglass 

hanw.' l>'-»sH'esis in Fig. 5 was riveted to the nosepieee of the eyeglass 
o 

bccaus desirable to touch up a prosthetic appliance with additional 

^ nionoehrome effect may not be entirely realistic. If the original 
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is in celluloid, a small amount of transparent oil color (pliototinting color) may 
be mixed with acetone to be used in the coloring. This acetone softens the cellu- 
loid sufficiently to allow some of the dye to penetrate the surface -without destroy- 
ing tire skin effect. If a synthetic plastic is used, its solvent can be incorporated 
with a transparent oil color in the same manner to give additional tints. If the 
prosthesis is in rubber, benzene or carbon tetrachloride may be incorporated rnth 
the transparent oil color. These solvents cause the prosthesis to be slightly 
sticky immediately after they are used, but they dry in a short while. The 
worker should realize that to do this work successfully a certain amount of prac- 
tice and skill is necessary. He should test his tinting ability on ob,iects that have 
no value. It is possible that his first attempts at prostlietie -work will lie fail- 
ures. The objects should be saved to be used in testing other processes in the 
work, such as tinting. 


After the prosthesis is put in place on the patient, cosmetics can he used 
successfully in making the prosthesis blend with the surrounding tissue. The 
preparation called ‘ ‘ Covermark ’ is excellent for this purpose. Any small 
cracks between the prosthesis and the surrounding tissue may be filled uith a 
putty made by mixing vanishing cream and talcum powder. However, if suo 
cracks are quite obvious it is logical that the prosthesis should bo made .oru- 
A well-made prosthesis should not be detected at a distance of three feet un u 
ordinary lighting conditions, such as daylight in the average room oi aili eiii 
light at night. 
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PURPURA, The Present Status ' of Throml)ocytopenic, Wiseman, B. K., Doan, C. A., and 

WUson, S. J. A. ir. A. 115: S, 1040. 

Xo single theory for the production of cspentinl thrombocytopenic purpura adequately 
accounts for all the known facta relating to this disease; however, that of splenic thrombo- 
frtolysis appears to violate the fewest. 

In differential diagnosis aspiration of bone marrow to rule out leucopenic leucemia, 
aplastic anemia, pernicious anemia, and neoplasia i.s at times essential. Historical facts 
relating to drugs and present or recent contact with certain infectious diseases arc most 
important. 

In essential thrombocytopenia the only measure known that will restiwe tlie platelet 
hwl IS splenectomy. The more pronounced the bleerling tendency the more urgent the indica- 
tion for surgery. 

No case of symptomatic throiuhocvtoponia, regardless of the degree of bleeding, should 
he suhmittea to surgery. 


LEAD, A'bsorption and Intoxication in Man TJnassociated With Occupational or Industrial 
Hazards, Hansmatm, 0. H., and Perry, M. C. Arch. Path. 30: 220, 1!)40. 

The analjsis of tlie data obtained may be divided into facts derived from the data and 
suggestions for consideration contained in the datn. 

A. Pacts derived from the data: 

Examinations of tissues for lead absorption were made on 48 bodies, the ages of which 
MDge.1 from 11 weeks’ gestation to 93 year.<i of age. 

ihe amount of lead in the libs varied from 23.058 mg. to 0.00 mg. per hundred giams. 


The 
The lead 


amount of lead in the liver varied from 21.033 mg. to 0.00 mg. per hundred grams, 
lead content is expressed in milligrams per hundred grams of diied tissue, 
creert ‘"^PP^ared to be no relationship between the amount of lead absorbed and the age, 
of age Subjects containing no lead ^\ere either fetuses or children under 12 years 

'iisturb'''^ “’"ount of lead in the liver may exceed that in the rib during prolonged metabolic* 
^ ces, se\ere infections, and less acute progressive fatal illness, 
tion absorbed lead will excrete increasing amounts of lead during gesta- 

' which parallels the skeletal growth of the fetus. 

^'^'1 in entire fetuses, the ages ranging from 11 to 24 weeks’ gestation, revealed 

hazardous ^ them. The amount in 25 per cent of these bodies may be considered 

in fetuses from 4V' months to term liad lead in the nb or the liver 

‘juin organs. 

“SO of age or 90 per cent of those between birth and 93 years of 

established b recorded in the literature with which our results were integrated, 

’* » torm^i • ®Pectrographic, colorimetric, and titrametric methods that lead absorption 

consideration. 

b. drau-n from Milwaukee and its vicinity. 


Uail consideration contained in the data; 

trace u, as an unrecognized factor in various diseases in persons who 

'heir e.vposure to lead. 
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Aged persons, who frequently lose, often quite rapidly, upward of 50 per cent of Acit 
skeletal calcium, may suffer S3'mptoms of intoxication from the lead which is coacurrentlv re- 
leased, provided the skeleton is heavilj- leaded. 

Women maj" suffer from lead intoxication during gestation, owing to the fact that mncii 
lead is released from a heamlv leaded skeleton during gestation. This may he resjionsible 
for some of the anemias closely resembling pernicious anemia which occur during and shortly 
after pregnancy. 

The fetus is likewise exposed to lead hazards, wlvich may result in intoxication of tte 
fetus or expulsion of tire fetus as a result of the action of lead on the uterus. ; 

The patient witii a heavily leaded skeleton maj' suffer from symptoms of lead intoiira- 
tion during uncontrolled metabolic diseases, severe infections, or prolonged, progressive ill- 
ness, owing to tire fact that lead is mobilized from tire skeleton and fixed by the organs. 

Lead may be an important cause of abortion during the first three months of gestation. 

The development of the fetal skeleton maj' protect the fetus hy withdrawal of lead from 
tire circulation. 

Lead absorption may become an individual problem and the concern of every phyritian. 


JAfJinJlCE, Eenal Lesions Associated Witb Deep, Ayer, D. Arch. Path. 30; 2fi, 1910. 

In infants with long-sustained uncomplicated jaundice, due to congenital atresia of the 
bile ducts, renal lesions occur without producing oliguria. These lesions consist of 
exudative clianges, obstruction of tubules by casts, and pliagocytosis of cast mafeta 
epithelial cells. These lesions are duplicated in the kidneys from patieiits nifh 
reaction and the hepatorenal syndrome. 

SHLrANILAMIDE, A Micro Bedside Test for Determination of, in Body riuids, Schoe®!, 
E. W. J. A. M. A. 115: 122, 1940. 

A. Place a drop of the body fluid under examination (approximately 
c.c.) with calibrated pipettes of the bloo.d pipette type in the depression of a 
slide. (The liquid may be dried bj' air current. If the material must he sluppe 
substance is covered with a drop (from 0,050 to 0.075 c.c.) of liquid petrolatum 
the cover slip fastened on with a seal.) Place all slides on a clean wliite iowe ’ 

B. Add 0.02 c.c. of 4 normal hydrochloric acid and 0.02 c.c. of 10 per cen puj 

acid to the material in the depression. Break up and stir thoroughly with a gla.s ^ 
total sulfanilamide heat over an alcohol lamp to near dryness and 

C. Add 0.03 c.c. of 0.1 per cent sodium nitrite solution and stir the mix u ^ jpiug. 
for tldrtj' seconds with a glass rod (with amounts of free .suifanilamide in exce 

for 100 c.c. use 0.05 c.e.). ,,, stir 

D. Add 0.02 c.c. of a solution containing 0.1 per cent ammonium su , of 

the solution thoroughly (for larger amounts of sodium nitrite use correspom 

the snlfamate solution). thvlcnefii“®“ 

E. Add 0.02 c.c. of 0.4 per cent aqueous solution of N (l-naphthj ) nnl 


a dark brown 


dihydrochloridc (Marshall’s reagent; the solution should be kept in 
only enough made up to last two days). Stir the mixture thoroughly. ^ {open?'’’! 

F. Prepare standards (as described under standard reagents and appar. jnliie 

for the test) containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12.5, and 15 mg. pjr^ testin? f"' 

centimeters. If testing for sulfanilamide, use sulfanilamide in the stan ar s,^ j.^gpectirrh- 
sulfapyridine or sulfathiazole, use sulfapjTidine or sulfathiazole direct 

Such standards are good for one week if kept in an icebox and away 

The standards may be conveniently prepared by carefully diluting a paper aS'l 

G. Insert in the depression containing the now red solution » strip o prefer” 

let the liquid spread by capillary action over one end of the paper g^judarih- 

material does not interfere witli the test). Compare the unknown samp es to 'me'’ 

The developed color depends upon the dmg used. It is necessary for t '® ®^ ,vli('dm'' 
which of the sulfanilamido derivatives were used. It is important to j„]or vari?-' 

therapeutic agents were also used. Especially with specimens of urine, a . 
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tion may be noticed, dejiending upon various diazotizable substances. Since no fractions are 
to be determined and only round figures are given (2.5, 4, and 7.5 mg. per liundred 
cubic centimeters), no strong interference exists. The color on tlio filter paper will slowly 
fade but will hold distinctive and discernible hues for a period of days when compared with 
standards prepared on the same day and kept under the same conditions. Actual color 
charts may also he prepared to facilitate the determination at the bedside. In general for 
ease of reproduction the final amount of liquid in the depression should not exceed the approxi- 
mate amounts of from 0.125 to 0.150 c.c. 


HEPATIC DISEASE, Clinical Value of Determination of Cholesterol Esters of Blood in, 

Greene, C. H., Hotz, R., and Leahy, E. Arch. Int. Xfed. 65: 1130, 1040. 

The value for cholesterol in the blood of adults varies between 150 and 2.10 mg. per 
hundred cubic centimeters, whereas the combined eholesteiol (esters) varic.s between 00 and 
320 mg. The ratio of the combined to the total blood cholesterol is quite constant — between 
■10 and 52 per cent. 

In tills series, patients with evident hepatic damage had a decreased amount of com- 
bined cholesterol in the blood. This decrease was sometimes, but not always, associated with 
a decrease in the total cholesterol. The ratio per se was not of as great diagnostic usefulness 
as was the total amount of esters piesent in the blood. 

In uncomplicated obstructive jaundice the combined cholesterol tends to nse in propor- 
lion to the rise in total cholesterol; but in hepatic disease the cholesterol esters tend to dis- 
appear from the blood regardless of the behavior of the total cholesterol. 

^ case a progressive decrease in the values for the combined cholesterol of the 
00 sigmfies a poor prognosis, whereas a progressive increase signifies n good prognosis. 

^ The determination of the combined cholesterol of the blood is of great value in deter* 
the prognosis of surgical treatment of patients with disease of tlic biliary tract. 


TISSUE: Hamdi's Preserving Solution. Cambel, P. Arch. Path. 29: S13, 3940. 

St ®P^oimen to be preserved is fixed in a 10 to 20 per cent dilution of the 40 per cent 
market. The larger and more solid the specimen (brain, liver, largo 
tumor) the higher the percentage of stock solution that may be used. After 
thoroughly fixed and prepared, it is left in running tap water for at 
soluti hours; then it is placed in a highly hypertonic (about 50 per cent) salt 

^'^th clean tap water. Here it is left for two to five days. The hypertonic 
s^eir**^ organ, drives out the formaldehyde solution, causes a slight 

removes the shrinkage due to the formaldehyde solution anil increases the 
Jervinp fl ®P®cioien, so that the lungs, for instance, do not float when placed in the pre- 
helps, moreover, to prevent the growth of molds. After the organ has been 
follows- water, it is placed directly into Hamdi's solution, the formula of which is as 


Sodium sulfate (pure) 

Salt (pure) 

Clear tap water containing no organic impurities 
Glycerin 


5 Gm. 
100 Gm. 
1,000 Gm. 
50 Gm. 


Icteric " practically colorless. It may be yellowish if the glycerin is yellow- 

•'hglLtly yellowH sometimes give it an ictene tint. After a couple of years it may become 
^ fW 1 ^''P'^cially when the specimen is exposed to much light. 

^ saturated camphor solution in 90 per cent alcohol is added. The 
glass covpt. / ® forms is dissipated by- superficial stirring with a glass rod. Then the 
If the container. 

account molds form, and even if the color of the specimen is spoiled 

ia rurin' it is sufficient to leave the specimen for half an hour to a few- 

^ ia a jar into which a few crystals of potassium permanganate 

^^’laceil in fr/*i organ is then rinsed in running water, treated with salt wate^ or not, 
® ‘ amdi solution, and the jar resealed. 
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The advantages of Hamcli’s solution are; It does not necessitate a preliminary treat- 
ment of specimens with alcohol as with most of the preserving solutions now in use. It 
preserves the specimens practically in their natural condition; it does not destroy tlic reJ 
blood corpuscles. 


HYPERTENSION: 1. Effect of Nephrectomy Upon, Associated With Organic Eenal Dis- 
ease, Schroeder, H. A., and Pish, G. W. Am. .T. if. Sc. 199; COl, 1940. 

Seven patients exhibiting arterial hypertension associated with organic renal disoase 
have been subjected to nephrectomy. Two were markedly improved, and 2 slightly iraprorel, 
but all remain actually or potentially hypertensive. 

This foi'm of therapy may prove of benefit, but, it seems, only in patients in nliora 
the existence of Irypertension is of short duration and in whom arteriolar sclerosis of tic 
other kidney is not advanced. Its use is limited, therefore, to a small numher of individuals. 

As criteria for selection of cases for this form of therapy' the authors suggest: 

1. The onset of hy’pertension should be known to have occurred recently (arbitrarily t'ro 
years). 

2. The renal lesion should be confined to one kidney and should bo of such a arture 
that diminution of function has occurred in that kidney. 

3. Renal functions, as measured by' the ability of both kidneys to concentrate urine 
and by the test of the clearance of urea, should be within normal limits. 

4. Retinitis should be absent, and changes in the caliber of the vessels of the retina 
should be minimal. 

5. Arterial pressure shoulcl be persistently elevated. 


be restricted; all 
and incapable ot 


n. ARTERIAL HYPERTENSION, The Role of the Kidney in the Pathogenesis of, 
Dicker, E. Am. J. M. Sc. 199: GIO, 1940. 

For the kidneys to be able to cause hypertension their circulation must 
the other renal and urinary manifestations are secondary, independent, 
playing a part in the production and maintenance of the hypertension. 

III. ESSENTIAL HYPERTENSION; Comparison of the Hypertensive and 
sive Phases Following Coronary Thrombosis, Gross, H., and Bngelhergi 
M. Sc. 199: G21, 1940. 

An analysis is presented of 100 autopsied cases of hypertension and s 
artery disease studied for the effect of the blood pressure on the suhsequen 
the patients had cardiac hypertrophy and marked myocardial damage. 

Ninety' patients had chronic congestive heart failure. The high inc' 
failure is partly due to the type of patient admitted to Montefiore Hospi a 


heart failure frequently followed an acute coronary' occlusion 


This occurrence ««« '• 


ing that in cases of chronic coronary' sclerosis, when 
silent coronary' occlusion should be suspected. 


heart failure begins rather 




1 • these the 

There were 24 persons with terminal acute coronary closure an in ^ U'' 

blood pressure was known for at least one year prior to death. Fifteen mi dij 

sisting up to the final closure, 7 had low blood pressure for seieia mo 
closure, and in 2 the blood pressure varied in the preceding year. pcchisio’' 

Analysis of the course of blood pressure subsequent to acute initial drapJ’ 

made. Eigbteen persons had persistent hypertension (after recovery variaf'®' 

12 had permanently low blood pressure, and 10 had variable pressure.^ ,i;„mini:c'l clia'*^^''-'^ 
in the course of hypertension occurred when no acute occlusion 
with certainty. 

Twenty-one of the 100 patients died suddenly. Many of these elofiF® 

of acute coronary thrombosis, but in only four of this group was a e 
following coronary thrombosis. 


The same 

could be dmgnosed < 

had the ” 
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Tlie subsequent blood pressure in liypertensive patients following coronary tlvvoinbosis 
Iiad DO effect on longevity, or on the occurrence, severity, aud duration of heart failure. 
Neither uas there a definite relationship between the course of blood pressure and the heart 
weight and the duration of failure. Physiologic factors undoubtedly play a role adjusting 
the worh of the lieart to a restoration or a permanent fall in the blood pressure. These 
factors have been discussed. 

SULFANILAMIDE, Relation of p-Aminobenzoic Acid to tire Mechanism of the Action of, 
Woods, D. D. Brit. J. Exper. Path. 21; 74, 1940. 

Yeast extracts contain a substance which reverses the inhibitory action of sulfanilamide 
on the growtii of hemolytic streptococci. 

Examination of the chemical properties of this substance and its b.'havioi in growth 
te«ts suggested that it might be chemically related to sulfanilamide. 

P-aminobenzoie acid has high activity in antagonizing sulfanilamide inliibition. 

Tliere is strong circumstantial evidence that the yeast factor may be p-aminobenzoic 
aeiJ. 

SULFANILAMIDE, The Inhibition of the Action of, in Mice by p-Aminobenzoic Acid, 
SelMe, F. r, Brit. J. Exper. Path. 21: 90, 1940. 

Tlie experiments described show that the therapeutic action of sulfanilamide in mice 
wifKted with streptococci can be inhibited by p-aminobenzoic acid in the same way as its 
5iD(i>trcptococeal action is inhibited in bacterial cultures. The mechanism of its action in 
It'erefoie appear to bo similar, if not identical, to its action in vitro. Woods 
• ) has Suggested that p-nininobenzoic acid or some similar substance is essential foi 
le growth of bacteria and that its utilization can be blocked by sulfanilamide. Many of 
I iserepancies which liave arisen in the course of the work on the sulfanilamide drugs 
Q explained as due to variations in the amount of the essential substance available in the 
Iiro/b? enviloninent (blood stream, tissues, etc.). It would also appear 

'a e lat the lag phase in the action of sulfanilamide coincides with the slo\v exhaustion 
« the essential substance. 

TRICmNELLA SPIRALIS, Early Mild Infestation With, Andes, J. E., Greene, E. A., and 
Bwttale, E. L. J. A. M. A, 14i; 2272, 1940. 

piu'ar't” believed to have been infested nitli TrichiMlla spimiis, all but one 

Tl'** eating poik from one to three days befoie the onset, 
tlio onset^ eight of these patients was diagnosed vithm the fiist three days of 

edem common symptoms were malaise, abdominal discomfort, fever, headaciie, 

hie '^'■ound the eyes. All showed a definite eosinophilia and all tested gave a posi- 
If 1 ^ml trichinolla antigen. Administration of tetrachloretlndene was followed 

wuscle Tiai consulting the authors six aud seven days after the onset contracted 

Tlie ^ tenderness; the third jiatient showed a fairly long drawn out convalescence, 
^‘icliost . count of the blood was shown to lise continuallv dimng the day, being 

^ the evening. 
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Books and Monographs for Keview should he sent direct to the Editor, 
Dr. Warren. T. Vaughan, Professional Building, Richmond, Va. 


The Author Publisher Printer Complex-' 

/\ WELL- WRITTEN- booklet on the preparation of manuscript, correction of proof, aod 
related aspects of mriting and publishing a book, the title might more accurately have 
been "Advice Prom a Publisher to His Authors.” 

The author who has read this book will have a much clearer understanding of Ihf 
problems which his publisher must solve and the decisions which he must make, nianj of 
which might otherwise have appeared unjustified. 

This small work should be highly recommended to all who contemplate writing a 
book or an essay. It will be enjoyed equally' by those who have written in the past. 


Directory of Medical Specialists! 

'NTEBPEISING firms have in the past attempted to prepare reference catalogues^^^ 
phj'sicians in the various specialties in the Dnited States. Some have cataloguec 


and all who were willing to pay for a copy of the finished book, while others hare a 
some manner of selection, such as recommendation by recognized leading p'jsic 
different localities. 

None of these lias been satisfactory. Those who have had occasion to 
qualifications of doctors in distant localities have had to rely chiefly on the sparse m 
available in the Directory of the American Medical Association. ogoial 

With the advent of certification in the specialties after adequate (i, 5 e 

boards, a satisfactory standard for inclusion in a directory of this sort has for le^^^ 
become available. The Directory of Medical Specialists includes all persons m 
States and its possessions and in Canada who are diplomats of tlie official 
various specialties. The Directory is, therefore, authentic and reliable. Tlie Boar 
comprises the secretaries of the several specialty boards. ^ 

Approximately 14,400 diplomas certified by the twelve special American js 

one of the two affiliate hoards arc listed. Cross indexing, geograpliioal an a p 
adequate. 

Twice on the day of arrival of the book the reviewer had occasion to u 
promptly discovering that it adequately' fulfills its purpose. 




By Robert S. GW. Cloth, ^ 

,1.1a m »viiii.ii.a w— . *.111111.11111;, iiiii., Aiinii. ^ ^ paut 

tCirectory of Jledieal Soecialists. Certified by American Eoarm. goard to'" ' 
Directing Editor. Cloth. 1,573 pages, 55.00. Published for the Ad' moo 
Specialties, Columbia University Press, New -york, N. I'., 19-tO. 


*The Author Publisher Printer Complex. 
■Williams & Wilkins Co., Baltimore, 3Id., 1040. 
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Appreciation of great discoveries in medicine is more often gradual tliim 
dramatically sudden ; indeed, tliej’^ often pass relatively unnoticed until fortu- 
itous circumstances bring them to light. 


Thus it was with the “Quellung” reaction, described by Nenfeld, which, 
though now an essential prerequisite to the intelligent treatment of pneumonia, 
lay dormant for a quarter of a century. Thus it ivas also with the discoverj- of 
sulfanilamide which, though elaborated in 1908, remained with all its remark- 
able qualities unheralded and unsung until comparatively recent times. 

As its widening range of capabilities became more and more apparent, it was 
inevitable that attempts should be made to find in sulfanilamide, or in its deriva- 
tives, some drug ivhich, effective against the pneumoeoeeus, would also possess 
a chemotherapeutic index rendering it safe for clinical use. 

It is needless to list the innumerable substances synthesized in these at- 
tempts. If the resultant compound proved effective against the pneiunoeoccib 
in experimental infections, all too often the chemotherapeutic inde.x— the margin 
between the toxic and the therapeuticall 5 ’' efficient dose — was too small forsafet.'. 

It was not until the report of Whitby^ in 1938 — it seems difficult io appre 
date that it was only two and a half years ago — of the apparent efficiencj o - 
sulfanilylaminopjTidine, a substance elaborated by Ewins and Phi 'P® 
England, that there seemed some promise that the long-sought goal la 
reached. . 

Whitby first reported the effectiveness of this compound 
pneumoeoeeus, but it was the report of Evans and GaisfoixT in the sara 
which first showed its application to the treatment of lobar 
then innumerable reports conceraed with it have been written, 


not yet in sight. 


Though efficient chemotherapy for pneumonia seems in laige ^ 

have been at last achieved, oddly enough we are still largely at a 
satisfactory explanation for, or a definite understanding of, cliniC''’^ 

of sulfapyridine upon the pneumococcus. That it has an action ^ 
response followdng its administration in pneumonia proves °"'g^p]gincd 
That this clinical effect is dependent upon some mechanism yet to le - 
.V 1 Axuerimental stum -• 


is equally clearly shoivn by various laboratoiy and expernnen < ^ 

It is well recognized that bacterial infection is primarily 
the concomitant influence of several factors, some of primary 


others of ancillary, importance. . his 

In addition to the inherent and acquired resistance of hacferi’'* 

tissues, the virulence, aggressiveness, and toxicity of the nu* 
must all be taken into account. Only when a suitable balance 
between these varied factors is present does infection occur. 

When chemotherapy is effective, it is logical to look foi be 

effect upon bacteria, and it is ordinarily to be expected that t la 
mainly, if not entirely, bactericidal. 

But the action of sulfanilamide and its derivatives, merely 

them, upon the pneumococcus is not bactericidal but appaien 
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leriostatie. For -wliile the pneumococcus remains alive and propagates itself in 
the presence of sulfapyridine, there is a definite lag in its growtli, which ap- 
pears to be definitely inhibited, establishing the drug as bacteriostatic rather 
than bactericidal. 


^^e do not know how this bacteriostatic eiffect conics about; for while 
there are many theories and hypotheses, all must be regarded as speculative 
and unproved. This is, perhaps, not altogether surprising in view of the fact 
that the pneumocoeeus itself still remains in many respects somewhat of a 
bacteriologic puzzle. 

Perhaps the most important advance toward an understanding of the 
pathogenicity of the pneumococcus was the discovery that its most important 
constituent, and the one most largely concerned in its action upon the tissues, 
resides in its capsule, the “specific soluble carbohydrate substance,” as it is 
nou called. Unfortunately, this substance is soluble and passes into the blood 
stream. In many respects the severity of the pneumonic infection is rather 
irectly proportionate to the concentration in, and distribution of, this sub- 
stance by the circulation. 


e are still uncertain of the relationship between tliis capsular polysae- 
c ande and the invasiveness of a particular strain of ])neumococci. \Ve do not 
nou whether the polysaccharide may properly be regarded as the pneumo- 
coccus toxin, or whether the pathogenic ability and toxicity of the pneumo- 
ceus resides solely in its capsular substance or in part — or at all — in its 
1C protein substance. These arc but a few of tlie problems to be solved. 

bacteriostatic effect of sulfapyridine upon the pneumococcus, 
results^ relationship and the importance of this effect to the clinical 


stasis^ ' ^ effect the ultimate explanation? Or does the baeterio- 

pati allow time for mobilization of the defensive mechanism of the 

pneu^ iicritralization of toxic substances and the elimination of the 

phagocytosis, bacteriolj'sis, and the contributory effect of 
may be effectively exerted? 

'^sterm’ these may take place, or maj' be in some measure 

totuiV™' '^‘■'‘Jteriostasis and thns play some part in recovery, it is difficult 
'•Wve that tills is the whole story. 

htraiiiin>!?i importance of the specific capsular polysaccharide in de- 

“"""est " toxicity of tlic pneumococcus, does any evidence 

Possible between the clinical effects of snlfapj^ridine and some 

blood f capsular substance, its elaboration, or its concentration in 

'tpsular ® iilay sulfapyridine prevent or inhibit the formation of 
i'tolj’sol A immobilize it or render it innocuous or rela- 

otpsole c assumption must postulate an effect upon the pneumococcus 

exposure to sulfapyridine. Is there any evidence sug- 
rcsorred^ Pcssibility ? Here at last tve find a question to which a conditioned 
'P fonnectio made, based upon observations by various workers 

" itli pneumococcus typing by the Nenfeld method. 
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As everyone now knows, tj’-pc specificity is demonstrable in the NeukW 
metliod by the occnrrenee of the Quellung reaction evidenced by a marked 
swelling of the pneumococcus capsule when brought in contact with its homol- 
ogous immune serum. 

Failure to type the pneumoeoeeus ma.y be dependent upon technical errors 
Avhen the method is applied by those unskilled in baeter’iologicprocedm'c.s;itmay 
be influenced bj^ dissociation of the pneumococcus ; certain types if not therehy 
shown to be identical, certainly shorv cross reactions with typing sera ; failure to 
secure type differentiation may suggest there are more than 32 types; there is 
also definite and cumulative evidence that pneumococcus typing in the presence 
of sulfapyridine is not iirfreciuently difficult and unsatisfactory, if not impossible. 

It must be admitted, how'cvcr, that the relationship of sulfapyridine to 
anomalous results in pneumococcus typ)ing is still suh jiidice. Bullowa, Osgood, 
Bukantz, and BrowTilee,^ from a stud.v of pneumococcus-infected marrow cul- 
tures, report that wdiile pneumococci exposed to sulfapyridine may become dis- 
torted, develop long chains, and stain irregulai'ly% they' suffer no loss of capsii e 
or type specificity'. 

Now', as the Quellung reaction upon w'hich pneumococcus typing depends 
arises from an effect upon the capsule, if this effect is interfered with in t e 
presence of sulfapyrnidine, it seems logical to postulate some effect of the nic 
upon the capsule. If this be so, then varions speculations arise as to some pos 
sible relation to the specific capsular substance. 

But again w'e encounter a maze of speculative liypotheses. 
pyu’idine affect the permeability of the capsule, and, if so, would^ this 
the \arlnerability' of the pneumococcus to antibodies such as opsonins an 
to phagocytosis? Is the effect something other than some change m 
bility? Does some change occur in the reactive ability' of the 
so, w'hat is its nature? Or is there some alteration in the elaboration, 
tion, or solubility' of the specific capsular substance? To none of tie.se q 
can a satisfactory or definitive answ'cr y'ct he given. _ Petweci' 

It is both logical and empirical to assume a definite relationship 
the chemotherapeutic efficiency' and the concentration of the diug >n q 
As this has been sliow'n to be in a large measure true of sulfani 
logical to assume that it must also hold true for sulfapy'i’idine, the c ^e^ 
centration in the blood being generally' regarded as betw'een 4 
100 c.e., w'ith the latter as the upper limit of safety. How'evei, t j,]qo(1 

definite indications that sugge-st a lack of definite coi’relation between 
concenti’ation of sulfapy'ridine and the clinical result consequent upon 


pneumonia. 


Illustrative of such reports is that by' St. George, 


Kraetzer, and illagee 


carefully' controlled series of 50 nnsclected cases. Their tables s ^ piP 

tions of sulfanilamide in the blood varying from 1.3 to 6.5 nig- pni" 
latter being the highest they' obtained. But, despite this variation ^^,,,11 

wdde limits, there was no apparent correlation with the lo tb^' 

nor w'as the incidence of recovery in any' w'ay definitely piojioi 
blood concentration. 
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It is recognized that the Idood eoncontvation is afreeted by i'netors such as 
imisca and vomiting, influeneing tlie rapidity and dogreo of a!).s()ri)ti(m, and 
also perhaps by others not yet clearly understood that may afl'cel the degree to 
uhich the drug is acctylated or conjugated. Nevertheless, this and other similar 
reports are significant, even though at fii'st they seem merely to further becloud 
an already obscure picture. 

The intelligent consideration of any therapeutic agent must embrace not 
only its therapentic effects, but also its nonspecific and undesirable by-effeets; 
in other "words, its toxicity for tlic human being. 

Here \Ye enter upon somewhat less niieertain ground for, though we may 
not always possess a clear explanation for their oceurrence, we have cumulative 
and increasing clinical evidence of definitely toxic and undesirable by-effeets of 
sulfapjTidine for wliicli it is necessary to be on guard and winch, in any degree, 
it is highly desirable to avoid. 

Remembering that sulfapyridinc is synthesized from aminopyridinc, it is not 
altogether amazing that there is some reason to believe that certain individuals, 
fortunately seldom encountered, may possess an inherent sensitivity to the drug 
which renders them more vulnerable to undesirable toxic effects. Because snlfa- 
PJTidine is regarded as of relatively low toxicity, it docs not follow that it can be 
safely administered without regard to the various toxic maiufestations which maj’ 
appear, sometimes insidiously l)ut not infrequently with di.stnrbing rapidity. 

Cyanosis is a very common occurrence after the administration of sulfa- 
Pyridine but, oven though marked, is imthei* generally regarded as of minor 
s'Snificance and not per so indicating withdrawal of the drug. As might be 
expected, there is some uncertainty whether sulfapyridinc cyanosis depends upon 
, sulfhcmoglobinemia or methemoglobinemia. Cyanosis is not infrequently a 
■ pneumonia and may be present before, and hence independent of, the 

ministration of sulfapyridinc. But since the cyanosis in pnouinonia is directly 
^ 3ted to the oxygen saturation of the arterial blood, any increase consequent 
^'Pon the administration of sulfapyridine cannot always be regarded witli entire 
*^^wanimity and unconcern. 

j recent observation by Doughty,^ corroborating the report by JIcGinty, 

' w r Holtzclaw,® that the cyanosis and the usual concomitant headache, 

! gp nausea following the administration of sulfanilamide may bo 

' administration of 20 mg. of nicotinic acid three times 

• hV ^^•^finitc value and mav furnish a clue to the mechanism of those com- 

Pheations. 

Mss'm “'^'”'''“‘‘■‘'‘>0'' of sulfapyridine is at times impractical or im- 

‘ mo' i’ °f Ilaviland and Blake’ is of interest. Tliose investi- 

found that a 0.15 per cent solution of sulfapyridine in normal (0.S5 
saline, or a 0.2 per cent solution in 5 per cent glucose solution, or in 
'* normal saline and 5 per cent glucose, may be given intravenously 

«( 'Win t “"‘'“‘‘■“'''o effects as long as tlie solutions arc not allonvcd to cool below 
i' solutions are made by boiling and are allowed to cool 

fumperatnre. Such .solutions have been given intra- 
sulicutanoously, and witliin the arachnoid space and pleural, cavity. 
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The main objection the authors cite is that large amounts (up to one or tivo 'J. 
liters) must be administered to procure adequate concentration. A.s in tiic i' 
presence of loss of fluid, salt, and glucose because of inadequate intake in coma- 
tose patients, or through vomiting, these substances may thus be replaced, llie j 
objection is of minor importance. : 

That sulfapyridine per se ma3^ produce a febrile reaction has been siiomi 
by manj^ observers. It is important to differentiate this so-called “drug fever’’ 
from febrile exacerbations consequent upon the development of various coniplira- 
tions. This may not alwaj's be easj'- for, though Graham, Warner, Daupliince and 
Dickson*® report that drug fever is not accompanied bj'" leucocytosis, this has not ,■ 
been the consistent experience of others. 

In keeping with the observation that vomiting following the administration 
of sulfapyridine depends largeljq if not entireljq upon central nervous svstem 
irritation, it has been recorded that various other central nervous system distwh- .. 
ances may occur. The more common of these are vertigo, headache, malaise, and ^ 
mental depression. Oceasionalljq excitement of a degree severe enough to he , 
classed as a psychosis occurs in approximatelj'^ 4 per cent of cases. Fortunate y , 
these reactions are transient and disappear promptly on withdrawal of the nig. ^ 

Reference has already been made to the wide variation in the blood ^ 

tration and to the difficulty of maintaining the blood concentration at anj 
level Muth any degree of eonstanejL Many factors are probably 
variations in absorption, variations in the excretion rate, and variations m 
degree and rapidity with which changes in the composition and stnieture o 
drug occur after absorption, notabty in the liver. , 

Just as bacteria entering the blood stream do not remain there as 
entities continualty traversing the circulatory paths but are rat er rap ^ 
moved through the interlocking activities of various 

therapeutic agents entering the blood stream are likewise subjee i 

influences. Obviously, thej^ are at once diluted bj’- the blood vo t 

in part combine wdth its protein or other constituents, with their ^ , 1^.^. {j,e , ) 
bj'^ decreased, if not entirely inhibited; and thej’^ are frequently a e 
detoxifying function of the liver. _ ^vhicli ■; 

It is known that compounds having a free para-amino the t 

sulfapyrnidine is one — undergo acetylation in the liver as ^ ^ more on d 

free amino group is blocked. Sulfapju’idine may thus be len ere gvi- 

inert after absorption. Fortunately, though this reaction occurs 
dence of tissue irritation as a by’^-product is exceedingly raie, , 


hepatitis and jaundice are very uncommon. ^ l{,e par- 

Like many other drugs sulfapyridine maj^ produce a photo* ” 

ticular importance of which is that, as such patients appear to e^ 
sensitive, the severity of rash may be greatly intensified j exp 


particularly strong sunlight. _ form h y 

Since sulfapyridine in both its free and conjugated tPe •( 

excreted almost entirely bj^ the Iddney, and since it may be pres 
in concentrations much greater than its solubility can accoun ° 
rence of renal complications would not be unexpected. 
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crease in the urea clearance, regarded as a toxic manifestation, has been reported 
by MacLeod,” and hematuria, generally microscopic, though occasionally macro- 
scopic, has been noted by many observers. 

The incidence of hematuria is low — 0.8 per cent in 2,300 cases, in one 
report. Since it shows evidence of renal irritation and damage, it indicates the 
necessity for frequent and periodic urinalyses during the course of sulfapyridine 
' therapy. It is also well to maintain a high fluid intake to dilute the concentra- 
1 lion of the drug in the kidney and lead to its rapid elimination. As sulfapyridine 
is more soluble in alkaline than in an aeid solution, the proposal of Long and 
Wood" that the urine be kept alkaline with sodium bicarbonate is worthy of note, 
even though it is purely empirical and as yet of unproved efficacy. 

Of greater interest and more importance are the reports — relatively few but 


increasing in number — indicating the possibility of calculus formation as an 
aftermath of sulfapyridine therapy. Calculus formation in animals — the calculi 
being composed chiefly of aeetylsulfapyi'idine — has been demonstrated experi- 
mentally by Toomey,” Antopol and Eobinson,"" and by Gross and associates.'’"-” 
It is not yet possible to determine accurately how frequently this complica- 
tion occurs, but some e\-idence suggests that the incidence may be greater ’in chil- 
ren than in adults. That, rarely, grave and even fatal consequences may follow 
IS shown by a fatality reported by Long and Wood,’* and one by Tsao, Mc- 
racken, Chen, Kuo, and Dale" following renal blockage and uremia; in view of 
6se fatalities the importance of routine urinalyses with attention to the 
blood cells and sulfapyridine cry-stals in the urinary sediment is 


' n important and most dangerous complications of sulfa- 

and' those resulting from depression of the homatopoietie system 

“'^‘^'•irrence of hemolytic anemia and agranulocytic neutro- 

' kndin^*'* these arc important, the anemia — while not infrequent and 

' ticill"-" •’’’“Sressive — is comparatively the less dangerous, since it is prac- 

^ ®PPar ** Pantrollable by transfusion and withdrawal of the drug. Although 
’ tions ■ ^ ^^^irtially hemolytic in t.vpe, the anemia may vary in its manifesta- 
^cduction**-™^ *^*'**^^ resembling a definite chloro-anemia ; in other instances the 
hemod V blood cell count is disproportionate to the reduction in 
' liiued it" - “pinion inclines to the belief that, where the need for con- 

f— . ... .’’’’“■stration is urgent, anemia of itself is not a mandatory indication 


for ’ — is ur; 

se unless the anemia reaches a degree dangerous per 

particularly when it cannot be controlled by transfusion. 

may take place early after the administration of 


onlv 


Agranulocytic neutropenia , ^ , 

^rnount of sulfapyi’idine. Usually, once begun, it progresses 
of the f * “npwtance lies in the fact that marked leueopenia invites invasion 
tffsent opportunist bacteria, normaUv quiescent and particularly 

’aaiii.i) le numhers and varieties on mucous surfaces (inoutli, rectum, 
It is w ll"'" “““rosing and extensive tissue damage and destruction, 
and that granulocytopenia in malignant degree is the after- 

“xpression of profound depression of the bone marrow. But the 
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majority of reports suggest tliat this is most likely to occur when the dosage of 
sulfapyridinc has been largo and long continued. In common with other forms 
of granuloej'topenia dependent upon chemical intoxication, a.s contrasted to the 
form originally described by Schultz as agranulocytic angina whicli is now be- 
lieved to be a filtrable virus disease, that following sulfapyridinc therapy is more 
intense, and more likely to be dangerous in the presence of an individual sensi- 
tization or personal idiosyncrasy to the benzol ring. It is intere.sting to note that 
there appears to be no evidence that an individual can be .sensitized to .sulfa- 
pyridine itself.^" Here, again, the importance of routine blood counts is evident, 
particularly liccausc lione marrow damage may be manifest only after the ce.ssa- 
tion of sulfapyridinc thcrapy^-■’■-“ 

While this survey has been by no means comprehensive, it may serve to 
indicate that sulfapyridine therapy is still largely in the stage of clinical ex- 
perimentation and, therefore, still in a state of flux. 

It is unfortunate, in several respects, that the clinical use has far out- 
stripped the careful and controlled laboratory study of sulfanilamide and its 
derivatives. It has been haphazard and empirical, to some extent ha.sed upon 
"wishful thinking,” and has too often failed to appreciate that it is in lai?^ 
measure not clinical therapy, but clinical experimentation. What is the ninra : 

The moral, as I sec it, is that if wo are perforce engaged in mass clinica 
experimentation, we dare not evade the responsibility of so carrying on our in- 
vestigations as to make them infonnative and ultimately of value. ^ This means 
that our use of sulfapyridine and similar compounds that will inevitablv o o" 
it should be so safeguarded as to lessen the possibility of undesirable afteiina is, 
and so managed and controlled as to lead to a better understanding of its ac lo , 
its capabilities, and the true indications for its use. , 

We, therefore, list .the following desirable, and in some re.spects csscif 
adjuncts to the use of sulfapyridine in pneumonia : 

1. The sputum should be typed in every case before the 
sulfapyridine. Although this drug is not type specific in its action, mo 
of the type of pneumonia may lead to an evaluation of the place o 
pyridine in treatment; it will giv’c significant information in 

nosis ; and it will indicate those cases in which the patient may best le se 
combined serum and chemotherapy. ^ jjie 

2. A blood count should be recorded before chemotherapy is 

blood count should be frequently' repeated as long as the drug io 

It may' profitably be continued for some days thereafter. It shoii j,„(,niia, 
fore the institution of drug therapy' to distingui.sh between antecc 
leueopenia, or anemia arising from the disease per sc and anemia 
toxicity. _ _ j because 

The blood count should he repeat ed regularly during j-apidl.'" 

both anemia and granulocytopenia may' appear insidiously an 
and progressively. Ravid and Chesner-' hav'c recently after tbe 

hemolydic anemia and ne])hrotic uremia on the third day 
administration of only 8 Oin. of sulfapyridine. As shown ly ^^,,,, 0 . 

uremia was apparently the aftermath of tubular Iflockagc icsu 
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siderosis and the presence of hemoglobin casts. There was also very probably 
some degeneration of the renal tubular cpitlielinm reflecting a direct nephrotoxic 
action of the drug. 

The blood should be observed after the cessation of chemotherapy because 
hone marrow damage may appear after the drug has been discontinued. 

3. For reasons already discussed in some detail, routine and regularly re- 
peated urinalyses should be a sine qua non of sulfapyu-idine therapy. 

4. It is of great value whenever possible to take a blood culture before 
the institution of sulfapyridine therapy. First, because cultures taken after ad- 
ministration of the drug may be unreliable; second, because the blood culture, 
when positive, may confirm the sputum typing ; third, because of the prognostic 


importance of bacteriemia as an indication for energetic treatment, the combined 
use of serum and drug therapjq or perhaps for the use of sodium sulfapyundine 
intravenously. Bullowa and his associates,!!* in a series comprising 324 adults 
’ and 113 children, report that their lowest mortality rate in adults was observed 
- in persons treated early (one to four days) with scrum and sulfapyridine. The 
' rtsiilts in children were inconclusive. 


o. IVhile there is some uncertainty concerning the clinical importance of 
ctcrininatioiis of the blood concentration levels during the eourse of sulfa- 
vPjridrae therapy, whenever possible these should be done routinely at regular 
- mlcivals to discover their ultimate clinical significance and value. 

6. It is well to mbc sulfapyridine therapy with a generous measure of the 
'hraiL'™^ recommended by 'Whistler for use on the palette of the artist, namely. 


om aware that in this somewhat discursive presentation, I have developed 
'I'lav* envisaged more difficulties than I have been able or, indeed, 

attempted to solve. .So much SO that one might be tempted to echo the 
' chi' ^ W olfe in one of liis dispatches to Lord Pitt : ‘ ‘ There is such a 

te 0 difficulties that I find myself at a loss how to determine.” 
edi^e I'emember the axiom of Oliver Wendell Holmes that, ‘‘Knowl- 

“ f limber, should not be used until it is 'well seasoned. ' ’ 

Ifision ' the vista seems one of doubt, of difficulty, even of con- 

of necessarily be unduly discouraged. Remember that the mills 

/lliekee'nh gods, grind slowly — ^but they grind! And if, under 

■ srowsT’ patient and tlic long enduring, their little grist 

'' •‘^‘nailer as the chaff is winnowed away, that which is left is fine and 

*i*^v and from it comes strength and stimuhis for the fight 

, , "‘mst disease. 

' Pneun ^ threshold of tlic successful chemotherapy 

.'pounds ^^^^fapyridine is but the forerunner of many sulfanilamide eom- 

recall that it first became known as I\I & B 
kries of of many compounds synthesized in the lahora- 

‘^Uflcof tv, Baker at Dagenham, Bngland, to realize the patient persist- 

' ^ begun the conquest of pneumonia, but we can now envision 

nretoforc we have liad only a nebulous hope. We have taiccn the 
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first and the hardest step and maj’^ ivell expect that those to follow will he iicilh 
fe^v nor laggard in their coining. 

I hope this discussion ivill not have seemed entirely enveloped in imce 
tainty and disagreement. If this be so, let me recall the ivords of Ilerbc: 
Spencer: “Mankind, in its progress, passes through three stages; theunai 
imity of the ignorant ; the disagreement of the inquiring ; and tlie unanirail 
of the wise.”*' 


* Addendum; Since this paper was written, two further communications have appear 
concerning the mode of action of sulfanilamide. 

Lockwood and Lynchao believe, from their investigations, that the bacteriostatic at 
as they state, “very limited bactericidal action in vitro" of sulfanilamide are dependent ap' 
the concentration of the drug and the concentration of “peptone” in the media. Peptone, 
in this connection, they define as any product of protein digestion, whether artificially ehl 
rated or arising through the operation of natural enzymatic processes. 

They demonstrated experimentally in cultures that as little as 0.01 mg. of peptone p 
cubic centimeter definitely affects the bacterial population curve in that even these small tree 
had a definite inhibitory influence upon the action of sulfanilamide. They suggest as a en 
tive explanation of the action of sulfanilamide that the drug interferes with the 
susceptible bacteria to utilize for food the protein-.split products in serum, and that deat 
occurs through starvation and autolysis. The inhibitory effect of peptone, they 
arises from the fact tliat it supplies an excess of easily assimilable nitrogenous ma 
which enables the bacteria to overcome the bacteriostatic action of sulfanilamido- ^ 

Another recent contribution to the mechanism of sulfanilamide action is that 
based upon extensive experiments, mainly' with Br. ahorlvs. Green suggests tia 
of sulfanilamide depends upon three factors: I 

(a) The rate of proliferation in the initial growth phase. If) in a fin'd 
bacterial density reaches a certain level, which Green calls “critical," 

tion in the medium of some antisulfanilamide factor sutficient to prevent furt ler . ^ 
effect. Possibly Green’s “antisulfanilamide factor" may bo the “peptone 

incterial cell. T1‘ 

(b) The rate at which sulfanilamide reaches a concentration m ‘ _ ^ possibly 
he says, depends mainly upon the concentration of sulfanilamide in tlic me > 

part on the nature of the bacterial envelope. ^ pjoict ' 

(c) Tile permeability of tlie capsule to the antisulfanilamide factor diffuses t 

leased or formed during autolj'sis of the dead or dying bacterial cell an diffusion ® 
into the surrounding medium. He suggests that the rate of such release a 

bp. TPlatpfl t.n tllP nlipniiptil notnrp nf tliP pn-n5;nlp nin^/or CbII HlBnibrflDG pGCU 

factor and Enffc 


be related to the chemical nature of the capsule and/or cell : 
species. 

Green o.alls his antisulfanilamide factor the “P" or proliferation 


ferauou xu...-- 

.*1, .*■»■»* 'i 


that it stimulates the same enzyme reaction in the bacterial cell bacfen’i ‘ 

the reaction being probably fundamental in the metabolism of most, \ or 

not in that of other living cells. This “P" factor is not species ®P*^*^* strain is 

He believes it probable that the sensitivity to sulfanilamide of any • ^ 

ditioned by the rate at which the “P" factor is liberated by tlie au o^^^ 


sm • 


that, under certain conditions, a balance may exist between sulfanilamide 

when the organism, though still living, cannot reproduce. nnn.wently 

ition that infections apF 
ixaeerbated when the a 

tr.-- 
Stic’ 


This hypothesis may explain the clinical observation tliat , „riminift'“*'°‘' 


control after the administration of sulfanilamide are exi 
the drug is stopped too soon. 

Also of clinical importance is Green’s observation that su. ^ 

may develop and that, under certain conditions, sulfanilamide may 
of bacterial growth because of the elaboration of the “P” factor. 


Ifanilam'fi8-'’'-’'_‘“”'ffiub 
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CLINICAL AND EXPERIMENTAL 


HYPEKTE.VSION IN RELATION TO HEIOHT* 


Its Variatiok With Body Build and Obesity 


Samuel, C. Robinsox, jM.D., Chicago, III. 


'\T 0 RIGIDLY controlled statistical study on a large representative sample ba? 
^ ^ ever established a correlation between height and blood pres.sure. Tiiisqne- 
tion is apparently settled in medical literature, since the majority of -worters m 
the field liave not been able to show any' such relationship. Alvarez and Staiile>, 
most often quoted in this connection, say, “There is no correlation AvithlmigW. 
Wunderlich," in a study of German students, found “no correlation with dat 
ure. ’ ’ Reed and Love® on a large group of United States Army Offieeis rooilifie 
the statement somewhat and said the blood pressux'e wa.s “hut sliglitlVi if ' 
cori'elated with height.” Stocks and Kani^ stressed the fact that even ia MG 
life, with other factors held constant, systolic pressure is not correlated m 
height. 

Hunter® found a slight increase in pressure with height, as did 
Committee on lilortalitvA This increase was greatest at an earlj age an 


later in life. It must be remembered, however, that in many insurance 
height is obtained merely by questioning the prospective policy holdei. 


sfudicf 
fiiieker,' 

in a review of the literature, stated that at a very earl.v age, before 
blood pressure is usually said to be correlated to length of the body, but 
found that even this correlation disappeared when weight was held cons * 

In contrast to these statistical studies the clinical impression amo 
sieians is that there is a relation between hypertension and short 
berg,® and other writers, characterized the hypertensive person as 
stocky. The fact that many men say “short and stocky ’ implies a 
tion. We, therefore, fiud that the statistical evidence shows no cou’ 
tween stature and blood pressure, while clinicians are impressed la 
sion is found more commonly among short persons. jiei'dit fe 

In our study of 10,883 persons we found a positive correlation tlif 

blood pressure in the different build and weight groups, a finding con 
general clinical impression. 

*From the Department of Jleclicine. W'oodla'svn Hospital and ‘ 

A nortion of thif? was at tlio American “ 


A portion of this material was exhibited at the American 
I^uis, 1939. and at the Inter-State Post-Graduate Assembly. Chicago, if 

The statistical and clerical work was done with the of the 

Administration. The tables and charts were prepared by person 
46S-54-3-37-(3). 

Received for publication, January 22, 1340. 
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STATISTICAL ANALYSIS 

The distribution of 10,883 pei’sons according to age, weight, sex, etc., details 
, of examination, and careful estimation of blood pressure, build, and obesity are 

■ all presented in previous papers.’®' ” In general, the persons were examined 
in the nude. Weight was recorded on a beam scale ; maximum height was 
obtained to a tenth of an inch; chest circumference was measiii-cd with a steel 
tape slightly above the nipple line during quiet breathing. Blood pressure 
nas recorded with a mercury manometer on the left arm of the seated subject. 
The group was representative of the adult population between the ages of 20 
and 70* years. 

DISTRIBUTION OP HEIGHT 

The average height of the men was 68.3 inches (68.2 inches when standard- 
bed to the United States population of 1934), M'ith a standard range of 65 to 71 

■ (Table I). Tliis average is onl 3 ’' a few tentlis of an inch lower than that 
. found by most other studies on the distribution of height. The JledicO'Actuarial 
^ Investigation’® found an average lieight of 68.5 indies. Tlie average heiglit of the 

^oraenwas 63.6 inches, with a standard range from 61 to 66 indies. Other studies 
y on ivomen show substantially the same average lieight. Dublin’* found 64.3 
. inches, while the IMedico-Actuarial Mortality Investigation’® found 64.2 inches. 


Height Distribution or 7,478 Men and 3,405 Women 


WOMEN 


Aiean height 

OS..'! + 0.07 

(iS.ii + 0.00 

MeJian lieight 

G8.4 

G.3.G 

Hode height 

C8,G 

O.'l.G 

Standard deviation 

2.8 

2.5 

Standard range 


61-GG 

Percentage under GO inches 

-1 

7 

Percentage 00-65 inehes 

11 

GG 

Percentage 05-70 Inches 

G2 

20 

verccatage 70 inches and over 

27 

-1 


Table II 


Height in Inches of 7,478 Men and 3,405 Womf.n in Each Dec^uje 



hrge jjj. in age there is a slight decrease in the average lieight of a 

"'^^ 687 P^n.sons (Table II). The greatest average height in j'onng men 

• ’^va«fi 7 o ^ years of age it decreased to 68.0 inches, and at 70 years 

' ^1.4 incllPS 

' f'f ase group of women showed tlie same tendency. At 20 years 

***^^** ^'pight was 63.9 inches; at 40 years it was 63.4 inches, and over 

Arch. see: Robin.son, S. C., and Rruccr, M. ■ Ransc nf Normal Blood 

^ted. G4; 40S, 1935. 
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70 years of age it was 61.6 inches. In both men and women the median anil 
modal heights follow a similar age cnn'c. This diminution of iieigiit repmenha 
physiologic process of shrinking that most persons experience dne to compTesioa 
of the intervertebral disks, and also to postural changes. 

But much more interesting than this decrease of the average statuve of man 
■with years is the tendency for the number of tall men and women to dccrea'e 
after the third decade. "Whereas at the age of 20. 5.7 per cent of the men ate 
over 72 inches in height, after 60 years less than 1 per cent of tlie men are very 
tall. While 4.6 per cent of women are taller than 67 inches in the third decade, 
less than 1 per cent of w'omen over 60 years of age are very tall. This is a verj 
striking and statistically significant finding. We do not have an adequate ex- 
planation for this phenomenon, but shall discuss it later in terms of hyperteadon 
in the tall person. Increased mortality' among tall persons is one of the explana 
tious that must he seriously considered. On the other hand, the age incidence t>l 
short men and women increases as the group gets older. There are comparathd. 
more short men in the older age groups than in the younger age groups. 


Table III 

INCIDEXCE OF TAI.L MEN .VXD 'Vt^OMEN AT VaKIOUS AGES 


AGE 

20-29 

30-39 

40-49 

Percentage of taen under 63 indies 

1.1 

3.1 

4.1 

Percentage of men over 70 inches 

19.5 

14.5 

13.1 

Percentage of men over 72 inches 

5.7 


3.0 

Percentage of women under 59 inches 

1.0 

2.6 

4.4 

Percentage of women over 05 inehe.« 

19.7 

19.2 

14.6 

Percentage of women over 07 indies 

4.(1 

3.5 



50-59 60-69 


3.7 

11.1 

2.3 

5.0 
15.5 

2.0 


4.1 

8.8 

0.9 

6.6 

5.7 

0.9 


70MT> 

0TIR_ 

5.5 

2.8 

0 

20.0 

0 

0 


RELATION OF HEIGHT TO BLOOD PRESSURE 

If the body' builds and weights of individuals are mi-xed, as 
chance distribution of any sample, height sliows a slight correlation to 
sure* .(Table IV). The mean blood pressure of the men shows the si . 
to have slightly' higher systolic and diastolic pressures than me 
1). The short women have higher mean systolic and diastolic piessv 
tall women. ^fedivid« 

In order to study' the possible effect of height on blood aiiddi' 

the group into three height classifications: the very' short, the me 

'The correlation coefficients for the relation of height and blood pr 


Systolic Blood Pressure 

Men 

r hs = -0.037 ? 0.012 
7; hs = 0,061 
fhs= 0.003 + 0.003 


U'oJilci* 


r hs = 

7]hS = 

fhs = 


- 0.055 + 
0 . 12 " _ 
O.OOT + 


O.OH 

0.0003 


Diastolic Blood Pressure 

- 0.030 + 

0.072 

0,001 - 0 . 00 - 

Thus each correlation is a linear negative one and so small blobd 

tion it vould seem that height is not at all significant as a corre . 


r hs 
j? hs 
jhs 


Men 

= - 0.002 
= 0,051 
0.001 


0.012 

0.0007 


r hs 
ij hs 
i hs 



SYSTOUC BLOOD PRESSURE 
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pressure is slightly higher m short men 
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very tall,* Because this division is used only for comparisons between the ex- 
, fremes, the arbitrarj- nature of the division makes little difference. If the divi- 
: sioas had been made either an inch higher or an inch lower, the results would 
have been essentially the same. It would be well, however, to establish a standard 
• division in future .statistical work. 


Table V 


ME.VX Sv.STOLIC PKESSURE IN VARIOUS HEIGHT CLASSIFIC.VTIOXS 


HEIGHT 

7,478 ME>f 

3,405 WOMEN' 

Short 

121.9 + 0.90 

117.0 + 0.82 

ir^iain 

120.0 + 0.49 

115.1 ? 0.70 

Tall 

119.7 + 0.50 

114.1 7 1.01 


TaNble VI 


ilEAK Diastolic 

Pressure in* Vjvrious Height 

CLASSIFICATION'S 

HnCHT 

7,478 MEJf 

3,405 WOMEN' 

Short 

75.3 + O.ol 


ilediom 

74.4 + 0.29 



73.7 T 0.3A 

70.1 + 0.00 


The blood pres.sure in these three height groups shows an interesting com- 
psnsoa (Table \). There is a 2.2 mm. difference in systolic pressure between 
* snd tall men and 3.5 between short and tall women. These differences are 
statistically significant. t It is improbable that a purely chance distribution 
'^“Wd cause such a difference. 

situation in diastolic pressure is similar to that in systolic pressure 
a e M). The difference of 1.6 mm. between the short and tall men is sig- 
of an actual difference not due to chance errors in distribution.}: The 

' aiaerenceg between short and tall individuals were unexpectedly worthy of 

files Of S15 adfiitP height groups were augmented by a random selection from our 

^‘l^^ional tall and short individuals. 




1 157) short = under 66 inches 

medium = 66 to 70 inches 

*■"0 (plus 534) tall — 71 inches and over 

IV'omen 

-R7 short = under 63 Inches 

‘ — 63 to 65 Inches 

: 66 inches and over 


767 medium 
296 (plus 16) tall 


hot used in Tables I and II. but were used only for the blood pres- 
I »re All di«r.io ^nd tall persons so as not to affect the random character of the 

flgures'frft^'^r*? ®Ohceming age, height, and obesity (ponderal index) distributions 
■ nresiiipi”. w® h*‘*einal sample of 7,478 men and 3,405 women. The discussion of 

t^rSth of thp °h h portion of this sample. 1,861 men and 1,797 women. The 

genuine fihe augmented groups are practically identical, which sup- 

‘‘‘•lexer or the results. 


Jfen 

Jhort 

r^ium Oft t xinder 

TaU r 2? Jo 70 inches 

*1 Inches and over 


Short = 62 inches and under 

Medium =: 63 to 65 inches 

“ -••W..WO unu over Tall = 66 inches and over 

the pressures of the short and tall men shows that to be 
^*®ProK?k?' E^use least 2.16 mm. Between short and tall women it must be at 

oabie that the differences are slightly greater than this standard difference, it 

■ *^andard ® ^ pure chance distortion of the distribution. 

and shows that to he significant the difference between the diastolic 

®Dst be at least 1 least 1.22 mm. For women the difference in diastolic 
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difference of 0.5 mm. for women is not significant. Tims, in our total ataalgain 
groups short men have slightly higher average systolic and diastolic pressures 
than tall men, and short women have slightly higher average systolic pressure 
than tall women. 

The incidence of low and high pressures in short and tall men and svomen 
brings out more significantly the extent of these differences in the two extreme 
height groups. Twenty-five per cent of the short men have low .systolic blood 
pressures, and 22 per cent of the tall men have systolic pressures under IIP 
mm. Forty-one per cent of short and tall women have systolic pressures imtler 
110 mm. On the other hand, both men and women .show a higher ineideDce ol 
high pressures in the short groups than in the tall. Fourteen per cent of .short 
men have high sjmtolie pressures of 140 mm. and over, while only 9 per cent 
of tall men show these same high pressures. Twelve per cent of short women 
have a high systolic pressure, while only 5 per cent of tall women have pres- 
sures of 140 mm. and over. 

Diastolic pressure shows a somewhat similar incidence variation. Agaffl 
there is not much difference between the incidence of low pressures; 2i per 
cent of short men have diastolic pressures under 70 mm., while 29 per cent o 
tall men have these same low pressures. Fifty-one per cent of siiort women 
have low diastolic pressures, while 47 per cent of tall women have diastoic 
pressures under 70 ram. The incidence of higli diastolic pressures shows sipu 
leant differences between short and tall persons. Short men show an inc^ 
denee of 8 per cent diastolic pressures of 90 mm. and over, while tall 
considerably fewer, only 5 per cent, high diastolic pressures. 
show an incidence of 8 per cent and tall women 5 per cent hig 
pressures. , 

It is thus seen that the mean as well as the distribution of low 
pressures both prove that the short men or w’omen have more 
than their tall brothers or sisters. Offhand, without any furt ® 
breakdowns of the height gToups studied, one might be led to ® 
that stature per se exerted a strong influence on blood pressure 
that the short pex-sou was the one influenced more unfavorabj. 
build and weight of each height group are held constant, it will e s i 
the former statement is correct and the latter is false. foariiw’ 

The data just presented were of the totals of each height oof 

at a true correlation of height to blood pressure it is necessary o 
groups according to age, weight, build, and other factors of 

be related to blood pressnre.^®'^- If the short group has a laic®|’ )o 

persons that are fat and stocIryL and if obesity’’ and stockiness are^^^^ 
hypertension, then the short gi’oup will show more hypertension^ goj-rcct f*’" 
not necessarily be due to stature. To avoid such an en’or we nu' fac- 

these disturbing faetoivs. Tliis we do by liolding the build am le 
tors constant in the different height groups. 


RELATIONSHIP OP HEIGHT TO BLOOD PRESSURE IN SPECIFIC BUILD ' 

It is generally recognir.ed by most anthropometrists 
phology of mankind can be divided roughly into two contras i 
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the thin and the broad. The frame of the broad build person can be differ- 
entiated from the veiy narrow type of build by the chest/height ratio. This 
figure is obtained by dividing the chest circumference in indies by tlie height 
in inches. It is to be noted that the measure of weight is not nsed at all to 
arrive at this ratio. The simplicity of the index is its main asset and can be 
pictured easily by the rule-of-thumb statement that the chest circumference 
should be one-half the height, or a chest/height ratio of 0.50. 

"When the group is broken down into linear, intermediate, and lateral build 
classifications, slight differences are apparent .(Table VII). Neither the linear 
nor the lateral bniltl men show a statistically significant difference in mean or 
modal systolic or dia.stolic pressure between the short and tall classifications. 


Table VII 


Comparison- of Mean- and Modal Pkessl'res of 2,552 Men* at Various Heioht.s in* Specific 
Bcild Gp.oups 


PP.ESSUP.E 



lixeae build 

INTERMEDI.VTE 

LATERAL BUILD 



(SLENDER) 

BUILD 

(broad) 


Short men 

Mean 

ns.8 

120.7 

127.5 


Medium men 

Mode 

107.5 

312.7* 

122.7* 

Systolic 

Mean 

313.7 

320.5 

125.3 


Mode 

112.1* 

120.3 

119.0 


Tall men 

Mean 

11C.6 

120.8 

130.0 



Mode 

110.8 

123.9 

121.3* 


{short men 

Mean 

70.5 

74.2 

79.6 


Medium men 

ilodc 

70.8 

70.0 

80.5 

biajtoUe 

Mean 

70.4 

74.S 

77.8 


Tall men 

Mode 

72.0 

70.0 

81.1 


Mean 

71.1 

74.0 

81.5 



Mode 

72.3 

70.7 

80.0 

‘Estimated mode. 







T.VBLE VIII 



mpaeiso.v of Me.\n* and Modal I'kessukes of 2,021 Women 

AT Various Heights in Specific 

===== 


Build Gr.ours 



ftESSniE 



LINE.\R BUILD 

INTERSIEDI.ATE 

LATERAL BUILD 

' 



(SLENDER) 

BUILD 

(broad) 


fttiort women 

Mean 

109.0 

115.4 

127.9 

Systolic 

Medium women 

Mode 

107.2 

105.2 

113.0* 

Mean 

IIO.I 

116.0 

128.4 


Tall tvomen 

Mode 

106.5 

112.1* 

116.4 


Jlean 

109.1 

118.1 

134.0 

■ , 


Mode 

109.7 

112.7* 

122.0 


oiiort women 

Alean 

00.8 

69.7 

75.9 

Diastolic 

Medium women 

Mode 

Mean 

02.3 

C0.9 

70.0 

70.8 

71.1 

77.0 


Tall women 

Mode 

63.6 

71.4 

70.4 


Slean 

6G.4 

72.6 

84.0 



Mode 

63.1 

71.1 

79.5 


found women show the same mean and modal pressures that 

linear women. However, the intermediate build women 
^ III) pressures if they are tall than if they are short (Table 

inaVi *^’^®rence is most marked among the women of lateral build. But 
^ difference of about 8 mm. between short and tall in the lateral 
statistically significant. Notice that the small differences which 
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do appear, while not statistically significant, are reversed from what was found 
in the total group. TaU persons show a greater hazard of hjpertension than 
short persons in specific build groups. 

Had we stopped at this point in our statistical survey of the relation of 
height to blood pressure even in the buUd breakdowns, wm could not show anv 
statistical correlation. Other studies, thus far, have relied solely upon the 
mean and mode, and hence, were unable to demonstrate any correlation. 

More important than the mean or modal pressure is a study of the per- 
centage distribution of low and high pressures in each build group of short 
and tall men and women. The tall linear men show fewer low pressures and 
more high pressures than short linear men (Table IX). 

Table IX 


Comparison op 

THE Incidence of Low and High Systolic Pressures in 
Tall Men 

516 Short avb Sil 

PRESSURE 


linear build % 
(slender) 

intermediate 
build % 

lateral BCllD 
(broad) 

Low 

Short men 

47* 

26 

16 

13 


Tall men 

30 

19 

High 

Short men 

3* 

14 . 

18 

29 


Tall men 

5 

10 


•Small distribution — less than 50 short linear men. 


Table X 

CffnpT 

Comparison of the Incidence op Low and High Diastolic Pressures in at 

824 T.ALL Men 


pressure 


LINEAR BUILD % 


Low 

Short men 

47* 

30 


Tall men 

39 

24 

High 

Short men 

3* 

”“6 ^ 



1 

6 


INTERMEDIATE 

If" 

13 


BUILD % 


16 

23 


♦Small distribution — less than 50 short linear men. 

The same relation is apparent in diastolic pressure (Table X). 
there is a smaller percentage of high pressure among tall linear 
among short linear men, the distribution in this group is small. 

More important are the comparative incidences among 
build men. Tall men show a greater incidence of hypertension, o 
and diastolic, than short men, and less low pressure. Whereas 1 
short lateral men have low systolic and diastolic pressures, on } 
of tall lateral men have these same low pressures. Only' 18 pei men 

lateral men have systolic hypertension, whereas 29 per cent of ta 
have high systolic pressures. Sixteen per cent of short a er jg]] 

diastolic hypertension compared wdth 23 per cent high piessuies 
lateral men. _ . (Table 

The women .show a similar relation within their height classi c 
XI). Tall linear women shoiv less low pressure and more ■womeo 

sj^stolic and diastolic, than short women. Among the lateral Ri ^ srstolk 
is more marked. Only 12 per cent of tall lateral women laie 
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PERCENT ACTUAL TO EXPECTED RATIO 
I&61 MEN 1797 WOMEN 


12001 11521 

SHORT MEQ, TALL 



LINEAR BUILD 

(CHEST/ HEIGHT RATIO UNDER .50) 



LATERAL BUILD 

(CHEST/ HEIGHT RATIO 59 & OVERj 

jetu-wf* Influence oC height on systolic blood pressure In specific build groups The 

*how fewoF shows that In either linear or lateral build groups the tall men will 

Mme (« »«L systolic pressures and more high systolic pressures than the short men. The 

'"e la true for lateral build, though not for linear build, women. 


W mei 

U^ORT Mrn 


PERCENT ACTUAL TO EXPECTED RATIO 
J86I MEN 1797 WOMEN 


HIGH PRESSURE 


S 

SHORT MED. TALL 


03 1311 M 

SHORT MED. TALL 


I 116 I I I23’l 

SHORT MED TALL 


LINEAR BUILD 

tCHEST/ HEIGHT RATIO UNDERGO) 



LATERAL BUILD 

{CHEST/ HEIGHT RATIO .59*. OVER) 

height on diastolic blood pressure in specific build groups. The 
*om^n low that In the lateral or broad build group tall men and women will 

a sioiic pressures and more high diastolic pressures than the short men and 
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pressures, wliile fnliir or 

pressures, under 110 mm ‘ l» 

dmstolie pressures, svlifle 36 per eent of sliorl f,‘ ! 1“ 

low pressures (Table XII). * bare tliesesame 

„ Table XI 

COJrPAKISON OP THE INCIDENCE OP Low ANi W 

312 Tall Pressures lv 942 Shoet am. 



p . Table XIl 

rue or - ~ p„s„,..e Usesse.rs .s « s..„ 




Short AvoDioD 
Tall wom en 

Short W'OEQon 
Tall women 


linear build % 
(SLENDER) 

60 ' 

62 


INTERMEDIATE 
BUILD % 


LATERAL BUIUi 
{EP.OAB) 


51 

35 


3G 

12 


6 

S 


IS 

24 


pressure, altliouffh respect to liigli 

■women is not si<niifi <. ^ systolic pressure between short and fad 

hjTerteusioii as eornn^r i . P^r cent of tall women have diastolic 

in different huZZ ^ incidence of low and high pressures 

persons. Generali sho%vs a significant difference between tall and short 

pressure and a ®P6R ung, tbe tall individual has a lower incidence of loir 
the lateral build ^groups pressure. This is most marked in 

illustrative inanner^^^T^^^^ ^atio-- brings out comparative differences in a more 

ous heights Fir t for changes in distribution between the vari- 

these pm-sous in ’ i^^f discuss the linear or thin build. By segregating 

ratio of low- onriT-^^i S'roup and then comparing the actual to expected 

and high srstnli^ „ , _ 


ratio of low and 1 'o-i ^ o™up and then comparing the actual to exp 
men have one an Z pressures, we find that the short linear or thin 

that manv more Z- many low systolic pressures, and nearl.' 

SIV). Hoxrever • pressures as the tall thin men (Tables XIU and 

~ , ! in le ease of high systolic pressures the short thin 

I and is of use 

Oier correlaled arw 
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have only one-third the ratio sho^^^l for tall thin men (Figs. 2 and 3). The 
difference is reversed for diastolic pressure. In comparison of the short and 
tall men of the lateral or broad build groups we also find that the short men 
have more favorable pressures. There are about two and one-half times as 
many sj’stolic and diastolic h 3 ’pertensivcs among the tall men as among the 
short lateral men. The ratio for low pressures is also slightlj’ in favor of the 
short men. 


Table XIII 

Pxtt Cent Actual to Expected Incidence op I..o\v and Hioii Systolic Pressures at Various 
Heights in Line.\r and Lateral Build Men and Women 
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than their shorter brothers. The same holds true for -vvomen of the lateral 
build. This same tendency is reflected in the actual to expected ratio of low 
to high pressures within a specific build-height group. Tliere ivill be a ratio of 
12 low pressures to 1 higli systolic pre.ssure among short linear men, almost 4 lo\r 
to 1 high among medium height linear men, and only a little more than 2 low to 
1 high systolic pressure among tall linear men. This does not hold for diastolic 
pressure among linear men or for systolic or diastolic pressure among thin 
women. However, in the lateral build group, an unusual difference ivas found in 
both sj’stolic and diastolic pressures among both men and women. Among lateral 
build persons the ratio is reversed. The lateral build person of any stature is 
always more susceptible to high pressure than to low pressure, but the tall lateral 
person carries the greatest hazard of all. Among short lateral men there will he 
only 2 high s.ystolic pressures to 1 lo\v systolic pressure. iMediura height men 
show a ratio of more than 3 high sj'stolic pressures to 1 low systolic pres.sure, 
while tall lateral men show' a ratio of 6 high systolic pressures to 1 low sj’stolic 
pressure. The w'omen show a similar pattern. Short lateral women have almost 
4 high systolic pressures to 1 low' systolic pressure ; medium height women show 
a ratio of almost 5 high systolic pressures to 1 low systolic pressure; and tall 
Avomen show a ratio of 25 to 1. In other w'ords, high pressure is far more com- 
mon among tall lateral persons than among short lateral persons. 

Diastolic pressure in lateral build show's the same trend. Among short 
lateral men there will be a ratio of 3 to 1, and among tall lateral men there wi^ 
be a 5 to 1 chance of having a high diastolic pressure. Short lateral women s 
only a 3 to 1 ratio of high to low' diastolic pressures, and tall lateral women s lo ^ 
22 high pressures to 1 Ioav pressure. This extreme difference in the ta sys 
and diastolic is erratic because of the small number of persons. 

Thus it is apparent that for both men and W'oinen the tall lateial or 
person showed a gi'eater predilection for systolic and diastolic hypeitension 
the short lateral person, and a lesser tendency to Ioav pressure. 


suximary op relation of height to blood pressure in specific build on 

The summary of the relation of height to blood pressure in 
brought out in the explanation of an apparent contradiction. n < ^ 
that in our total group of 10,883 men and w'omen the short persons pf 

mean pressure than the tall. On the other hand, after a study of t (jjfier- 

low' and high pressures and the actual to expected ratio w’as comp e 
ent build groups, we found that the tall individual was more suscep i ^ 
tension, especially if he was of the lateral build type. The the 

pressure of the tall person ov'er the short lateral person is much grea 
increase of the mean pressure of the short person over the tall e.xpla”'''' 

group. This is apparently a contradiction and must be explaine . 
tion is to be found in the eomparativ'e distribution of build ti persnn i’ 

taU persons. In another paper it was showm that any three 

more susceptible to hypertension than the linear type. Roug i 
times as many lateral persons as linear persons are hypertensive, more 

that if there are more lateral builds among short men we won f 
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hypertension in the short group. Tliis is precisely what we found. Twenty-four 
per cent of the short men are of the lateral build, while only 5 per cent of the 
tall men have a lateral build. The same is true for women. Thus in any sample 
of the population there will be far more short. persons than tall lateral persons 
(Fig. 4). Although the tall lateral person is more susceptible to hypertension 
than the short lateral person, this increased susceptibility is more than offset by 
the greater number of short lateral pei*sons in tlie total group. Hence, all short 
men together show a higher mean pressure than all tall men. 


1661 MEN 


1797 WOMEN 



HEIGHT IN INCHES 


build Fs of linear and lateral build at different heights. ^ Lateral or broad 

,• luent amonir found in short men and women, and linear or thin build is most fre- 

b laii men and women. Blank sections indicate the intermediate build. 


man ' ^ impression that the liypertensive individual is a short stocky 

storiiv physician will see a far larger number of short 
been' persons and very few tall broad hypertensive ones merely 

And^-V distribution of the lateral build in these two height groups. 

1 more^^ * careful investigator must be aware tliat the tall broad individual is 
susceptible to hypertension than any otlier person. 


delation op HEIGHT TO BLOOD PRESSURE IN SPECIFIC WEIGHT GROUPS 

®^ort, medium, and tall iiien and women are divided according to 
•iotie uitlj fi variations are important. The weight breakdown is 

PoiHleral index, an index of relative obesity, the weight 
^ A low index (under 2.0) denotes a lightweight person, and 

over) denotes an obese person. In a large sample of per- 
^Yli ' Po.sitively correlated to an inereased blood pressure. 

ofo modal pressure.s are compared in the various height- 

^nd(llp\ • ’ height difference in blood pressure is noticed in either light- 
'®'Sbt men (Table XV). 
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Table XV 


Comparison op Mean and Modal Pressures of 7,478 Men at ALirious Heights ik Srinnc 

PoNDERAL Index Groups 


PRESSURE 



ltght- 

'WEIGHT 

MIDDLE- 

tveight 

IIEAVT- 

^TEIG^T 

Systolic 

Short men 

Medium men 

Tall men 

Mean 

Mode 

Mean 

Mode 

Mean 

Mode 

117.6 
112.1 
115.9 

110.5 

117.5 

115.7 

121.5 

113.4 

120.4 

114.4 
118.3 
114.7 

128.5 
122.C 

124.9 

115.6 

123.9 
11S.2 

Diastolic 

Short men 

Medium men 

Tall men 

Mean 

Mode 

Mean 

Mode 

Mean 

Mode 

70.9 

71.2 

70.5 

72.6 

71.9 

70.7 

74.0 

70.7 

73.0 

71.2 

72.9 

72.0 

79.2 

7S.9 

78.5 

7C.7 

■ 77.8 

73.3 


Table XVI 

Comparison op Mean and Modal Pressures op 3,405 AA'omen at A'^arious Heights ik Srrcmr 

PoNDERAL Index Groups 


pressure 


Systolic 


light- 

Y'EIGHT 


Short women 

Medium women 

Tall women 

Mean 

Mode 

Mean 

Mode 

Mean 

Mode 

111.8 

108.2 

111.5 

108.2 

109.8 

108.3 

Short women 

Mean 

07.'5 


Mode 

03.3 

Medium women 

Mean 

67.6 


Mode 

63.7 

Tall women 

Mean 

67.2 


Mode 

67.5 


middle- 

weight 


119.8 
106.3 

116.8 
112.1 
115.6 
110.2 

72.3 

71.1 

'71.5 

70.6 

70.8 

70.5 


Table XVII 

1 ^40 Short akp 

Comparison op Incidence op Low and High Systolic Pressures in , 

Tall Men (Ponderal Index Groups) 




PRESSURE 


Low 


High 


lightweight 
PER CENT 


Short men 
Tall men 


35 

24 


Short men 
Tall men 



Table XAHII 

j, j 5j0 SHORT 

Comparison of Incidence op Low and High Diastolic Pressures * > 
and 1,078 Tall Men (Ponderal Index Groups; 


pressure 


lightweight 
PER cent 


JtlDDLEWEIGHT 

PER CENT 
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Ho^vever, in the heavj'weiglit men the tall group shows slightly lower systolic 
and diastolic pressures. At any height the men show higher pressures as they be- 
come heavier. However, the greatest increase is found in the short men where 
there is an increase of 10.9 mm. in mean pressure between lightweight and heavy- 
weight men. Among tall men there is only a 6.4 mm. difference. 

Lightweight, middleweight, and heavyweight women show the same systolic 
pressures at any height, but the short heavyweight women show a slightly greater 
diastolic pressure than the tall heavyweight women (Table XVI) . 

More informative than the mean and mode is a study of the distribution of 
lou and high pressures among tall and sliort men in specific weight groups. Short 
men of any weight group show a greater incidence of high systolic and diastolic 
pressures than tall men (Tables XVII and XVIII). 

A similar distribution is noted among women. The short women always show 
far more high systolic and diastolic pressures at any weight tliaii tall women 

(Tables XIX and XX). 


Table XIX 

Comparison of Incidence of Low and High Systolic Pressures in 1,383 Short 
AND 588 Tall WoitEN (Ponderal Index Groups) 


— 

pressure 


LIOimVElCHT 

PER CENT 

MIDDLEWEIGHT 
PER CENT 

HEAVYWEIGHT 
PER CENT 

Lon 

Short women 

48 

37 

23 


Tall women 

52 

37 

27 

Higli 

Short women 

4 

l.> 

26 



Tall women 

1 

0 

9 


Table XX 

Comparison of Incidence of Low and High Diastolic Pressures in 1,383 Short 


_ _ and 588 Tall Women (Ponderal Index Groups) 

pressure 


LlGIlTWEIOnT 
PER CENT 

MIDDLEWEIGHT 
PER CENT 

HEAVYWEIGHT 
PER CENT 

Low 

Short women 

59 

40 

30 

- — 

Tall women 

50 

47 

28 

High 

Short women 

3 

7 

15 



iau Women 

1 

5 

10 


The 


actual to expected ratio in the weight breakdown is not helpful in 


differences in low and high pressures, 
a con 1 ^^ persons are compared in specific weight groups, we find 

"■■oups distribution of high pressures In all three weight 

° » ^I'ldle, and heavy, short men and women have a higher incidence 
'mil of diastolic pressures than tall men and women. In the distribu- 

irom*.,, • P^^ssures vve found no difference between short and tall men and 
auyT,.eight group. 


^ DISCUSSION 

10,883 persons blood pressure was found to be 
*'®^aimous ■ ^ ^ build and obesity. However, since the literature is almost 
stating that height does not affect blood pressure, no study of this 
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relation was contemplated. Almost accidentall.y, in a study of body build, it w 
discovered that the lateral person is most often of sliort stature. Since hyper- 
tension is most common in the lateral build it was reasoned, therefore, that 
height must show some effect on blood pres-sure. Accordingly, this study \';a5 
made of the relation of height to blood pressure, and statistical breakdora 
proved our reasoning to be true. The short person had higher mean and modal 
pressures and a higher incidence of high pressure than the tall person in the 
total group. 

Since we have shown that the lateral build person of any height group is 
more susceptible to hypertension, it is obvious that the higlier mean and modal 
pressure of the short group is a distortion due to a preponderance of lateral 
builds among short men. This could be corrected only by holding the build 
groups constant and then comparing the incidence of high and low pressures 
between short and tall persons. 

When such a study was made of the blood pressure distribution witliiu tlie 
various build-height groups, an entirely new and interesting height variation was 
discovered. The tall lateral person had a higher mean and modal pressiue thau 
the short lateral peraon, and a much greater incidence of hypertension, flie la 
lateral person had a smaller chance of having a low pressure than did the sliott 
lateral person. The actual to expected ratio further confirmed this striking 
ing. We, therefore, have an apparent contradiction in the influence of lieigil *’ 
blood pressure. The true height difference is the greater hazard of hjpedc'i® ^ 
carried by tall broad persons. The reversed finding in the total group 
the short persons to have more hypertension than the tall persons is due o 
greater incidence of lateral build in the short group. Tims there is 
contradiction. The influence of build on hypertension is again .stioiic.. 


phasized. 


When the gi'oup was broken down into specific weight 
short group was shown to have a higher incidence of hypertension than 
group. This difference held true in all three weight groups. Heighb^ constant, 
inflnenees blood pressure in two oppo.sing way’s. When the build is >e 
the tall person is more susceptible to hypertension. When the weio 
constant, the sliort person has the greater incidence of hy’pei tension. 


classifications, tii« 


tiiese two divergent facts be reconciled 1 jpif 

The difference between tall and short in the various build 
constitutional factor influencing blood pressure. This represents 
and biochemical suseeptibilitj’ to hj’^pertension of the tall bioad .'P 
nature of which requires further stnd.v. The pressure diiference e n 
short men and women in the specific weight groups is dependent npo ^ 


men rtiiu uiiieii iii uit: Sjjeeiiic ^ g]lO^V ^ ^ 

incidence of lateral build in the short group. For, as we shal si ^ 
sequent study’, obesity is linked to the lateral build. pa’s- 

measuring to a great degree the lateral build factor when ne s u 


sure in the sliort overweight person. laterd 

This finding, that liy’pertension is a greater liazard of the 
suggests a coiiiyiarison with Draper’s’'^ contention that the women 



nORlN’SOX: IIYPERTEXSION IX RELATIOX TO HEIGHT 


947 


fiion . . are the tallest of all women. ...” Draper does not make the same 
statement about men; nevertheless, our study surely confirms Draper’s finding 
and probably holds for both men and women. 


DISTRIBUTION OF BUILD TYPES INCIDENCE OF HYPERTENSION 



UHtAfl LATCRAL 



. Fig. S.-~Thi3 . 

■ 

{VKrtenslon, ve in . 


ionship of height and build to blood 
or broad builds among short persons 
re frequently found among the lateral 
erence between shoit and tall men in 
ave greater hj'pertension than short 
: lU person shows the greater hazard of 
• because of the greater incidence of 


tion the distribution of hypertension furnishes a partial explana- 

ea]‘^ the decrease in incidence of tall men in the older ages as pointed out 
nien^V^ Psper, The greater hazard of Iiypertension among the tall broad 
Costanz increase in their mortality in the earlier age groups, 

and death increased, body structure became more 

*ons shaped.” However, the vast number of short hypertensive per- 

short “*^tort the mortality records to show a much higlier death rate among 
^^^^tco-Actuavial Mortality Investigation‘s confirms this sup- 
'lesirable^^*^**^ younger ages tall men have proved less 

short men. At the older ages tlie short men . , . have been 
men.” Dublin” makes the same statement for 
are in another article'® : “Extremes of stature fbotli short and tall] 

handicaps.” 

aiorta^h Iiypertension for lateral build has also made its mark on 

''^^^I’lnort r' chest measurements. As Dublin'® states, “. . . The 

^iirtherthat ' ^ iu the chest-girth groups below the mean.” He implies 

Vperteii^iyg^? ^leight group the smallest chest has the lower mortality. Since 
^Pai*t disease plays such a large part in crude mortalit}', it would 
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seem tliat much of the differential mortality of height groups can be explained 
on the basis of the hazard of h 3 T)ertension among lateral build persons and the 
greater proportion of lateral build in the persons of short stature. 


CONCLUSIONS 


1. A gross anthropologic study of 2,552 men and 2,021 ivonien sboivs for tk 
first time in medical literature the positive correlation of lieiglit to blood pres- 
sure. 

2. Blood pressure is shown in this study to be affected by height. A rerio' 
of the literature shows that no study, thus far, has found the height difference as 
reported in this paper. An explanation for this failure is probably due to a lack 
of correct statistical delineation of build types and the exclusive reliance upon 
mean and modal pressures, instead of a study of the incidence of low andb't 
pressure distribution and the actual to expected ratio. 

3. The incidence of tall men and women decreased steadily with an iucrea-c 
in age. This is an unusual and striking phenomenon, and is probablj due cine .' 
to a high mortality of tall persons in earlier age groups. 

4. In a random group of mixed builds and weights short men an 

will show higher mean and modal sj'^stolic and diastolic blood pressures t an 
men and women. Short men and xvomen showed a higher incidence o iin p 
sures than tall men and xvonieu. .. 

5. When the build groups are separated and held constant, a mar^e 
ence in blood pressure is noted between tall and short persons and is leiei’se 
the height relationship mentioned above. 

6. The tall lateral or broad individual is more susceptible to hyper ei 

than the short lateral one and is less likely to have a low pressuie. ^ 

7. Tall lateral or broad men show an actual to expected ratio o a ^ 
and one-half times as many' systolic and diastolic hypertensives as s lo 

. 1 - 1 -nerten- 

8. Tall lateral women show twice as inany^ sy^stolic and diasto ic 

sives as short lateral women. . , diastolic 

9. Tall lateral women show less than one-third the low systolic a 

pressures as short lateral women. , pian 

10. Tall lateral men have a slightly smaller incidence of lov P 


short lateral men. 


,r thin ine« 


tlie 


11. The actual to expected i-atio shows that among linear as tk 

tall men have only one-half as many low systolic and diastolic pi® 

short men. a„d tai' 

12. The actual to expected ratio shows no difference between 

linear or thin women of low and high pressures. indivi*'’ 

13. In a previous paper it was shown that the lateral oi ]n thi’ 

ual in any height group carried the highest incidence of hy ® j,joi and 
paper it is shown that lateral build is most often found anions 


women. 

14. This unequal distribution of lateral buUd in ^ 
plains the discrepancy mentioned in conclusion number o- 
person carries a gi-eater hazard of hypertension than any o 


C.X- 




other individual, 
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larger number of lateral builds among’ short persons causes the bulk of the hyper- 
tensive population to be found among short persons, 

15. The short individual sliou’S a higher incidence of hypertension than the 
tall one in any weight group. 

16. There are, therefore, three influencing height factors in hypertension. 
First, there is the difference in blood pressure between tall and short persons in 
specific build groups. This is purely a height difference. Second, there is the 
difference in pressure between tall and short persons when weight is held 
constant. Third, there ds the difference in pressure between short and tall 
persons in any total group in which build and Aveiglit arc naturally mixed. The 
second and third height differences are dependent upon the build factor. 
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STUDIES ON EXPERIMENTAL LESIONS IN THE KIDNEYS OF 

RABBITS* 


Arthur E. Parks, M.D., and G-. Shanks, M.D. 
Toronto, Canada 


T he purpose of this paper is to report the results of investigations on the pro- 
duction of experimental renal lesions in rabbits homologous nephrotoxins 
and certain bacterial filtrates. The xvork of Slnvartzman,’’ - Gerber,* and Apitz 
indicates that it is possible to damage rabbit kidnej’^s bj' two or more injections of 
selected bacterial filtrates into the sj'stemic circulation. AIasugi“ showed that 
experimental lesions could be poroduced in the kidneys of rabbits by injection o 
duck anti-rabbit kidney serum. Smadel®'® has reported similar re.sult.s in rats ) 
the use of rabbit anti-rat kidney serum. These lesions bore a striking similarit} 
to those of human glomerulonephritis. To get a potent anti-kidney serum it wa= 
necessary to use two species of animals. Selnventker and Rivers’ shmve 
repeated injections of autolyzed rabbit brain into rabbits produced comp eraen^ 
fixing antibodies. This finding suggested that b3" autolyzing liomologous pro 
one could render it antigenic to the same species of animal. An attemp J ^ 
made, therefore, to autolj^ze renal protein by tying off the renal arterj o 
rabbit’s kiduej’ and allowing it to degenerate in vivo. In the experimen s 

of such degenerated kidney and 


other rabbits. 


reported rabbits were injected xvith emulsions 
their serum was used in an attempt to produce renal changes in 

Other experiments were conducted in an attempt to damage lenal pr 
by a Shwartzman reaction. 

experiments on degenerated rabbit kidney ^ ^ 

Under ether anesthesia the left renal artery of a rabbit was j-fniovftl 
een hours after ligation the rabbit xvas killed and both kidney s v e^^^ 
aseptically^ The left kidneys xvas definitely sxvoUen and discolore 
right Iddney’ was perfused through the renal artery xvith sterile ,Tas 

order to remox-e the blood renrairriug in it at the time of death. i ascph" 

made to perfuse the degenerated kidirey. Each kidney was t en cu^ 
cally' w’ith scissors and macerated irr a mortar. Sterile Tw® 

made by shaking up the macerated kidney's xvith 50 c.e. of s eri gp„,]sioiis 
rabbits therr received seven irrtraperitoneal injections each of t le 
at daily intervals and were killed by' bleeding to death. The animak 

rabbit xvas preserved earefrrlly'. On autopsy' neither of these 
showed sigrrificant prathologic changes in the kidneys or othei oi,^‘ 

The precipitin titer of the blood of these tw’o injected 
by mearrs of Wright’s capiUary tube technique. It xvas found i” pj patfc-"!- 

•From the Department of Medicine, University of Toronto, and the 
ogy, Toronto Western Hospital. 

Koceived for publication, February 13, 1940. 
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antibodies to the dilutions of the isclieinic kidney emulsion -were present in sig- 
nificant amounts in the blood of the rabbit that had received that emulsion. The 
blood of the control rabbit tliat had received injections of normal kidney emulsion 
contained no precipitating antibodies. 

Two other rabbits "were subjected to intravenous injections of the precipitat- 
ing rabbit serum. One received a single intravenous dose of 3 c.c. of serum and 
was killed nineteen hours later. Autopsj' revealed no pathologic change in the 
kidnej's or other organs. A second rabbit received six intravenous injections of 
the precipitating serum daily and was killed thirty-two liours after the last in- 
jection. On autopsy the kidnej’s showed no significant lesions. It was concluded 
from these experiments that, although the serum injected contained precipitating 
antibodies, there was no evidence of its being nephrotoxic in the sense of produc- 
ing nephritis. 


EXPERIMENTS WITH BACTERIAL FILTRATES 

The bacterial filtrates used in these experiments were prepared from cultures 
of tjplioid bacilli and hemolytic streptococci. Typhoid organisms were from a 
stock culture and the filtrates were prepai*ed by tlie method of Shwartzman. 
These bacteria were grown on large surfaces of agar and washed off with normal 
salt solution. The washiugs were centrifuged and the supernatant fluid was 
passed through a Berkefeld filter. The resulting filtrate was used for the animal 
injections. In earlier experiments the streptococci used were obtained from an 
infected human knee joint. Those used in the last group of experiments were a 
group A hemolytic strain obtained through the kindness of Dr. Ronald Hare, of 
e Connaught Laboratories, University of Toronto. In both cases they were 
grown in broth and filtered through Berkefeld candles. 

ethe^^'^ of injection of the left renal artery was as follows: Under 

^ longitudinal lumbar incision was made. The lumbar abdominal 
witho ^ gridiron fashion, and the artery and vein were exposed 

perforating the peritoneum. Both vein and artery were freed of con- 
^ ligatiu'e was iiassed around the vein but not tied. The artery 
traction^ ^ f'RRie time the vein was temporarily occluded by 

and h ^'^iious ligature. The artery Avas injected then by using a syringe 

fiut needle. The A’olume of fluid injected was usually 2 c.c. A successful 


'"Wtion of tlie artery 
could be 


■as evidenced by a distinct pallor of the kidney which 
book tlii’ough the peritoneum. Tlie needle then was AvithdraAvn and the 


sfferiar artery Avas removed. Hemorrhage from the puncture in the 

about controlled by a sponge soaked in saline at a temperature of 

C. Tlio ygj,^ occluded for Aa'C minutes in order to prcA'cnt the 


^‘"ature being AA-ashed out of the kidney immediately. Tlie venous 

^'^aiOA'ed then and the circnlation AA’itliin the kidney allOAved to re- 
mould f kidney, Avliich Avas blue and tense at the moment of release, 

Ibe toue/*^ fi^i*ckly its normal chocolate hroAVU color and become niueli softer 
*iabbits ^^'i-iscles of tlie loin AA'ere repaired and the Avound AA’as closed, 
rcated shoAved no .systemic ill effects. 
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EXPERIMENTAL RESULTS 

(1) ^'■^I'torial Strepiococcal Filtrate Alono On hl 

c: :i“;r Tr ““ “ 

Macr„s„„pically the left t've..ty-..i.. I, 

ecopieaUy no aignifieant changes could be found " 

c.e. of the samp «ti.pTh+ renal aiteiy of a rabbit was injected mtli 1.5 

intravenous injection ofT^^op t’^'enty-four hours it was given an 

rabbit was killprl -Fn i i ” streptococcal filtrate in tlie ear vein; tiie 

/q\ T .. . P 3 3 ^*3ither kidney showed any definite abnormality. 

iococcal Followed hy Single iniravenons Sim- 

the first tvnhoifi' flit t ^ artery of a rabbit was injected with 1.5 c.c. of 

first strentocop 1 au^ ^ Tii'enty'-four hours later an injection of 3 c.c. of fie 

fiours later titrate was made in the ear vein. The animal was killed five 

kidnev waa ^ ^rit^sy the left kidnej'- was pale and swollen while the rigit 

Gm. weighed 15.5 Gin., and the right kidney 11-5 

"lomernli 3" the left kidnej^ showed little pronounced change in tie ' 

hvalinp mat Gm capsule of a number of glomeruli was a zone of 

and posht a j'" contained no nuclei ; it stained pink with heraato-vylin 

inteo-ratirm Heidenhain’s azocarmine aniline blue. There was dis- 

damao-A rtr ^ proximal tubules with disappearance of nuclei, and similar 

down 1:0 t)^* o sensed in some of the distal convoluted tubules. JIauy f»lml«* 

as survAii ^ were seen to contain hj'aline material similar to that described 

aa-6 to +1 some of the glomerular capsules. In this kidney there was dam- 

siemifipp f n n es with exudation within as w’ell as outside the nephron. So 

shnwprl ^ changes were observed in the I'ight kidney. The liver 

Showed fatty degeneration. 

group received an injection of 2 c.c. of the second 
ail intro Its left renal artery. Twenty-four hours later it was given 

vein T+ injection of 2 c.c. of the first strejitococeal filtrate in the ear 

kidr>PXT tw^enty-six hours. In the gross and microscopically bol 

ivianeys were normal. 

FMm/e Followed hy SmyU Vr 

™“n-ed 2 CO. of the first typhoid filtrst. h. te » 
honw: v> the skin of the abdomen. At the end of fwenfj- onr 

hours 3 c.c. of this tvrtLALi A 1 S.-..X - . . Ti,e animal 


of 


lionr« u I! 1 • the abdomen. At the ena o 

wa-s ^ typhoid filtrate w^ere injected into the ear vein 

shin awtop.sy the left kidney was slightly paie, 

IsaL no significant erj'thema. Microscopically some patchy 

emic atrophy^ were seen in the left kidnev. The right kidney was normal. . 

hange was observed in either kidney that might not liave been quite sponfaneo«' 
in the rabbit. ® 

•ti ^ rabbit of this group likewise was injected in its left renal after, 

with 2.0 c.c. of the second typhoid filtrate. At the same time an injection ol^ ■ 
c.e. was made in the skin. Twenty-four hours later, at the time when the 
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showed a Slig-Jit eiythema, an injection of 2 e.c. of the same second typhoid fflrale 
was made lu the ear rein. Tiie rabbit died three hours later. On antopsvfte 
kidneys showed nothing of note. 




Pic. 4 . PJrst rabbit of Experiment 3. Untouched right kidney unde-™ 8 

(5) Intru-Arlerial Typhoid Filtrate FoTloived hy 
Streptococcal Filtrate Injections. — A single rabbit rras gii'cn 3 ° •eceb'?^ 

typhoid filtrate in the left renal artery. Twenty-fonr hours latei’ ^ 
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ail intravenous injection of 2 c,c. of the second streptococcal filtrate. These 
Untraveiious streptococcal filtrate injections were repeated once daily until 27 
in all had been given. The rabbit was then killed. On autopsy the left kidney 
appeared pale and granular, and on section had a rather narrow cortex. The 
right kidney was normal. On niieroscopic section the left kidney showed 
.marked focal filirous atrophy. There wore no glomerular le.sions of note. The 
right kidney was normal microscopically. The lesions in the left kidney may 
have been due to the pvoduetiou ot thromboses at the time of the arterial 
injection. 

(6) Intra-Arterial Typhoid Filtrate Followed by Multiple Intravenous 
Tuphid Filtrate Injections . — A rabbit was given an injection of 2 c.c. of the 
third typhoid filtrate in its left renal artery. Twenty-four hours later it re- 
ceived 2 c.c. of the same filtrate in tlie car vein, and thereafter daily intravenous 
injections of 2 c.c. of the same filtrate until IG in all had been given. The 
rabbit was killed. On autopsy the left kidney was pale and had a large infarct. 
The right kidney was normal. ^licroseopically, apart from the infarct, there 
'vas mueli focal fibrous atrophy of the left kidney. The right kidney was normal. 

(7) Intra-Arterial Typhoid Followed by Multiple Intravenous Streptococcal 

hijech'ojis, Using Controls and Varying Time Intervals . — Nine rabbits were used 
w the experiment subdivided into three groups of tliree. The first two groups 
^ere controls and the third the experimental group. The rabbits of the first 
Kroup each received a single injection of 2 c.e. of the fourtli typhoid filtrate in 
, ^sft renal arteries. The rabbits of the second group each received dail}- 
jn raienous injections of 2 c.c. of streptococcal filtrate but no antecedent arterial 
’fJjections. The rabbits of the third, or experimental, group each received an 
Injection of 2 c.c. of tlie typhoid filtrate in the left renal artery followed by daily 
^Uavenoiis injections of 2 c.c. of streptococcal filtrate. The first rabbit of each 
fhrfi after the initial injection, the second twenty days, and 

that injection. The results were disappointing. No 
tbe gi’oss or microscopic, were produced in the kidney’s of any of 

Elinor changes, such as focal fibrous atrophy, edema, and inter- 
infiltration, were observed, but nothing that does not occur 
rabbits. It would appear that the treatment accorded these 
‘ban'^es experimental, was without effect in producing glomerular 

ertainly nothing of the nature of glomerulonephritis was observed. 


niade to produce pathologic changes in the kidneys of 
'fill] int injections of serum from rabbits that liad been treated 

kmpt injections of degenerated rabbit kidney emulsion. An at- 

these'^’^ made to damage rabbit kidney by bacterial filtrates. The results 
essentially negative. One interesting observation, 
j point of view, -was the finding of precipitating antibodies in the 

been injected intraperitoneally with emulsions of 
’ 'kated instil kidney. Sneh precipitating antibodies could not be demon- 
' Ti ^ rabbit that had received injections of a normal kidney 

*0 renal lesions encountered in one rabbit descidbed, while interest- 
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ing, could not be reproduced. The interpretation of the changes in this single 
rabbit must remain an open question. The possibility of an allergic reaction may 
be considered, but it could not be denied that a circulatory disturbance in 
handling the kidney might have been responsible. 
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DISTURBANCES IN THE BLOOD FOLLOWING 
EXPOSURE TO BENZOL* 

LeoNxVRd J. Goldwater, M.D., New York, N. Y. 


INTRODUCTION 


T’HE fact that benzol when taken into the hiunan body may have deleterious 
* effects upon the hematopoietic system lias been known for about forty years.^ 
^\ith the exception of lead, there is probably no industrial poison better loiowni 
to physicians than benzol. A rather extensive literature on the subject of benzol 
poisoning has accumulated, and most of the reports, especially the more recent 
ones, contain some mention of the blood picture. The most extensive review of 
the subject yet to appear is that of the British Industrial Health Research 
Board.^ Another comprehensive review is that of Hamilton,^ published in 1931. 
The present status of knowledge concerning the blood picture in chronic benzol 
poisoning is well summed up in the following lines taken from the British 
report just mentioned: While the most characteristic blood picture in benzol 
poisoning remains that described by the earlier authors, a leucopenia with 
rieutropenia, thrombopenia and some anemia, it becomes increasingly evident that 
cases present wide variations on this picture.” 

^lost cases of benzol poisoning described in the literature have been fatal 
of severe degree that hospitalization has been necessary. Ca^cs 

^ IS tjpe are frequently complicated by hemorrhage, infection, or some other 
on arj factor. Whereas acute poisoning has been well differentiated from the 
onic form, little distinction has been made between mild and severe forms of 
^^^^hively few observers have had an opportunity to study 
of til ^ three isolated cases of chronic benzol poisoning, and not many 

j Included a complete set of hematologic observations in their studies, 

and ^^^scfvations by a large number of physicians using different methods 
describing small numbers of cases must result in some 

Pi’ncf^ ^'^*^rature dealing with industrial poisoning, control studies arc 
>Tile ^ mentioned. Benzol poisoning is no exception to this general 
o^^server would never consider publishing results of experimental 
(] ” ^'J^^oratory animals without having performed control experiments, 
^ellk *^**”*' “formal” values for the species of animal were supposed to be 
”^^^*strial poisoning the experimental animal is a human being, 
'"ethod- ’^^ogieal to neglect establishing normals for the apparatus and 

^ die liands of the particular individual who is making the study. 

York of Preventive Medicine and the Occupational Disease Clinic, 

f College of Medicine. 

O'" publication. February 28. JD<0. 
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This paper presents the results of comprehensive hematologic studies on a large 
group of individuals who had been exposed to benzol. The significance of the 
results is enhanced bj' the inclusion of controls. 


CASES STUDIED 

The control grouii used in this investigation consisted of 81 male industrial 
workers employed in a factory where no occupational hazard could be demon- 
strated. These workers varied in age between 20 and 65 years. None gave a 
history of abnormal sj'mptoms and none had any significant abnormal foldings 
on physical examination. For all practical purposes the group could reasonalily 
be considered to be a small but representative sample of the industrial population 
employed in a nonhazardous industry in New York City. A control series in the 
industry in which the benzol poisoning occurred was not possible, since no 
branch of that particular work is free of toxic materials. 


Table I 

Tests Perfoumed and Number of Individuals Subjected to Each Test 


BLOOD determination 

CONTROL 

BENZOL 

Hemoglobin 

SI 

235 

Brythrocj'tes 

8.1 

159* 

Leucocytes 

81 

332* 

Differential 

81 

112 

Platelets 

50 

107 

Eetiouloeytes 

47 

■ 103 

Bleeding time 

52 

105 

Coagulation time 

52 

99 

Sedimentation rate 

59 

104 

Hematocrit 

81 

104 

Mean corpuscle volume 

75 

103 

Mean corpuscle hemoglobin 

73 

120 

Mean corpuscle hemoglobin concentration 

81 

105 

Fragility of red blood cells 

08 

92 

Serum bilirubin 

0 

102 



‘Thirty-seven erythrocyte counts and SIS leucocyte counts were 
of the Division of Women in Industry, of the New York State Depaitn 
all other determinations. 


fhe workers exposed to benzol (henceforth referred to as 


the benzol 
,v York City- 


were employed in the rotogravure printing industry in New gj^ewliere- 
full description of this industry and its hazards has been gn 6^ g^posed t< 
Suffice it to say here that everj^ individual in the group had ^ * g^jod o: 
concentrations of benzol fumes ranging from 11 to 1,060 p.p.m. 2^. 


at least six months, and in most instances for about three yeais. 


observation 


rotogravure workers were examined. A complete set of hemato 
was made in about 100 cases. The tests performed and the nninbei o i 
subjected to each test are given in Table I. The age distribution o 
and benzol groups is shown in Table II. The differences between e 
are not so great that they render comparison fallacious. 

•The inks used in the particular type of rotogravure P''*"J,*ljf„hiv*'have 
cerned contained chemicals other than benzol which might were 

effects. Since benzol was the predominant solvent and since the - great 
benzol intoxication, the other ingredients are not considered to ^ jj amounts. ^ butj 

cance. The other solvents, all of which were used in relatu eiy s a acetate, 

xylene, methyl ethyl ketone, petroleum naphtha, ethyl, but>i. a 
and amyl alcohol. 





goldwateR; blOod disturbances following exposure to Benzol 059 


Since tliei'c was no direct relationship between tlic duration of employment 
. and the nature of the blood findings (Table III), this feature will not be dis- 
cussed. All the individuals in the benzol group svere actually working at the 
time they were examined. As a result of the blood studies, six were considered 
poisoned seriously enough to Avarrant hospitalization. Further studies on these 
patients have recently been reported.® About 100 were referred to various 
' physicians for observation and treatment. All but the six hospitalized persons 
ivere allowed to continue to Avork inasmuch as the use of benzol Avas discontinued 
' shortly after this study Avas begun. 


Table II 

Age Distribution* 
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smears of capillary blood drawn tbrougli a drop of li per cent magnesiuni 
sulfate solution, the smears being stained with Wriglit's stain. Tlie number oi 
thrombocytes observed while counting 1,000 erythrocytes was used as tbe bag; 
for calculation. 

The bleeding time was determined by Duke’s method." Blood was drain 
from the lobe of the ear by means of an automatic lancet adjusted to produei 
a iinifoi'm depth of incision. Coagulation time w'as measured on venous blooc 
by the method of Lee and White." For calculating the sedimentation rate cJ 
the erythrocytes the method of Wintrobe and Landsberg® was followed and tb 
results were corrected for anemia. A mixture of ammonium and potassium ox 
alate was used as the anticoagulant. The hematocrit value was obtained in tb 
same tulie that was used for the sedimentation rate, and this value was used b 
calculating tlie mean corpuscular volume and the mean corpuscular hemogiobii 
concentration. These indices, as well as the mean corpuscular hemoglobin eon 
tent, were obtained according to the methods of Wintrobe.® To produce mas 
imum packing of the cells, the hematocrit tubes ivere centrifuged at 3,600 i.p-® 
for one bour.*' Fragility of the erythrocj'tes (resistance to hypotonic saline) we 
tested by the metiiod of Sanford" and serum bilirubin was determined as £ 
scribed by Ernst and Forster.’'® 

Ch ecking of Bcsnlis . — In the controls as well as in the benzol glOup^ 
results of any test showed decided deviation from the normal, the test wmR 
peated in maiij'' instances on a fresh specimen of blood. In a fexv cases repe 
was not possible. Almost invariably the second test agreed closely uit 1 1 le 
Where there was disagreement, the figure nearer to normal was accep e . 


NORMAL STANDARDS ^ 

In the present study it vvas not necessary to rely on the figures gbo 
literature for normal blood values, since a reasonably large Ijee 

prised a part of this investigation. Most of the “noiunal” poups t 
reported have been made up of students, nurses, and similai 
viduals. Little has been written conceiming the “normal’ hloo j 

dustrial workers. There is no reason to believe that standai s or 
nonhazardous industries differ greatly from those of student 
port this view, Table IV has been prepared using Osgood’s” jienii 

pose of comparison. The only significant difference seems to 
giobin values, there being no obvious reason for the discrepancy j .^plioc.t 
fex-ence in method. Particular attention is called to 
percentages. Most writers who have described blood findings nr no 

industrial poisoning seem to have accepted the old idea that Ji 
mally comprise 20 to 30 per cent of the leucocytes. As a 
every industrial poison is said to be associated with a hggaljmpi 

If it is held that any value above 30 per cent of lymphocytes propoi'f'®” 

cytosis, one is quite certain to find a “lymphocytosis’ in a aio® 


— ■ __ fc 3 OOO 

*In previous studies it Iiacl been observed that P? 

minutes, as recommended by Wintrobe®, did not always fop the bv 

that the modification used in the present study was that reported 

corpuscular volume range in the control series was low’ci 
as normal. 
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individuals who have been exposed to any industrial poison. Applying the 
I same criterion, about 85 per cent of the cases comprising the normal controls in 
the present study had a “lymphocytosis.*’ Such a finding suggests the neces- 
sity for reusing the commonly accepted normal values for lymphocytes to an 
appreciably higher level. This rather detailed discussion has been included 
because of the prominent part “relative lymphocytosis” has always played in 
descriptions of tlie blood picture of benzol poisoning. The neglect of control 
blood studies in connection with investigations of industrial poisoning has ap- 
parently been responsible for the propagation of an erroneous idea. A recent 
report by Osgood'^ on the normal differential picture supports the view that the 
commonly accepted normal range for lymphoc.vtcs is far too low. 


Table IV 


^ Comparison’ of Normal Values as Gwen by Osgood»i and Those of the Control Group in 
THE Present Investigation 



1 OSGOOD 1 

1 CONTROL GROUP 


AVERAGE 

RANGE 1 

AVERAGE 

RANGE 

blood cells 

Hemoglobin 

Cell volume 

Reticulocytes 
'\1iite blood cells 

PoljmorpLonuclear cells — young 
l-JiDphocytes ^i^ult 

Monocytes 

Eosinopbiles 

H^sopliile? 

5.42 million 
15.8 Gm. 

44.7 per cent 
1.4G per cent 
7,400 

0.8 per cent 
54 

38 

4 

1.0 

0.5 

Him ISH 

O.30 

14.2 

45 

0.0 

8,400 

3.9 

51 

37 

5.G 

2.1 

0.4 

4.47-0.3 

12.2-16.4 

39-53 

0.2-1.6 

5.500-14,500 

0-10 

27-09 

18-61 

0-lG 

0-9 

0-3 


Hemoglobin 

PER 100 o.e.’i 

I CONTROL 1 

I BENZOL 

Number 

PER CENT 

NUMBER 

PER CENT 

^•^3. than 11 

11.0- ll.s 

12.0- 12,9 

13,0.13.9 

14.0- 11.9 

15 0.1.5.9 

... ic.Q.iGn 

0 

0 

2 

2.5 

40 

12 

2 

0 

0 

2.4 

30.9 

40..5 

14.8 

2.4 

1* 

10 

25 1 

95 i 

78 

20 

G 

0.4 

4.3 

10.5 

40.5 

33.2 

8.G 

2.5 

^ThirTnrT'T' 

81 1 

100.0 

235 

, 100.0 


^^em.vtologic observations on 332 workers exposed to benzol 
AND 81 CONTROL SUBJECTS 

on blood studies are presented in Tables V to XXI. Com- 

the '^1‘ions findings will concern itself primarily' witli a consideration 
group as compared with the control group. A number of 
fecial eons ’ 1 damage to the blood-forming organs liavc been selected for 

Table oT the hemoglobin determinations arc set forth 

' beinon.] significant point is that 84.8 per cent of the benzol group 

o 0 nn values within normal limits. Subnormal amounts of hemo- 
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globin were found in those cases which had evidence of severe injury to tk 
hematopoietic system. The results indicate that a low hemoglobin value is not a 
prominent part of the picture of chronic benzol exposure and in general is 
present only when the erythrocytes have fallen to a very low level. As will ic 
pointed out later the hemoglobin values remained relatively high in relation to 
the erythrocytes. In other words, hyperchromia of the red corpuscles was the 
rule. 

Table VI 


Distribution of Erythrocyte Count.s in Control and Benzol Groups 


ERYTHROCYTES 
(MILLIONS PER C.JIM.) 


1.5- 1.99 

2.0- 2.49 

2.5- 2.99 

3.0- 3.49 

3.5- 3.99 

4.0- 4.49 

4.5- 4.99 

5.0- 5.49 

5.5- 5.99 
G.0-G.49 


Total 


CONTROL 


0 

0 

0 

0 

0 

2 * 

IG 

33 

28 

o 


SI 


PER CENT 


0 

0 

0 

0 

0 

2.4 

19.8 

40.8 
34.G 

2.4 


100.0 


benzol 


NUMBER 


1 

1 

3 

3 

22 

46 

50 

29 

4 
0 


PEP. CENT 
0.6 
0.6 
1.9 
1.9 
13.9 

29.0 
31.4 
1S.2 

2.5 

0 

100.0 


•These two counts were 4.47 anU 4.4S nilllioiis, lespectlvely. 


Table VI 


Erythrocytes . — Details of the erythrocyte counts are ignc 

Whereas but two individuals in the control group fell below • ™ ^ 
these two but very slightly below), 76 ivorkers, or 47.9 per cent, o 
to benzol whose red blood cells were counted had subnormal eryt 
It is obvious, therefore, that a diminution in red corpuscles is 
quent finding in chronic benzol exposure. The polycythemia descn ® jj j 
observers, in early benzol poisoning tvas not found in the piesen 
possible that if erythrocyte counts had been done on the entire g^^^ 
higher counts might have been encountered. On the other lan , 
dividuals studied had been exposed from six to sixty months to con ^ 
of 11 to 1,060 p.p.m., thej'^ may reasonably be said to ggem fta 

benzol effect, ranging from none at all to severe damage. It voi 
polymythemia, if it occurs in benzol exposure, should have appear e 
few members of the benzol group. . . ijasopb'b 

Qualitative changes in the erythrocytes, such as poikilocj o > 


stippling and nucleated forms, wer-e seen only in cases in gxhibk 

anemia was severe. All the severely anemic cases, however, i jp 

qualitative abnormalities. No effort rvas made to estimate t le 
corpuscles from stained blood films, since it was felt that ®|”'^^jj^g,gonsuni''> 
not entirely reliable and use of the Price- Jones technique was giythrocvt* 

for a series as large as the present one. The average size o -^Yjntrobc 
(mean corpuscular volume) ivas calculated according to the tlicb^n® 

As ivill be showm later there ivas a definite tendency to macioej 


group. 


Leucocytes . — ^As was stated in the introductory remaiks, 
always been considered one of the most characteristic featuies 


a ]eucope>'>“ '' 
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■ ing. If one considers only cases of an extreme degree of poisoning, this 'vdew is 
. undoubtedly correct. If, however, reliance is placed on the finding of lencopenia 
to diagnose mild or early cases, serious error might result. In this connection 
Hamilton*® has stated that “if the physician depends on a leucopenia for the 
.. diagnosis and fails to make a count of the red cells, the patient may he fatally 
.. poisoned before he discovers that benzol poisoning has caused marrow aplasia. ’ ' 
It can be seen in Table Vll that only 14.5 per cent of the benzol group had less 
than 5,000 white blood cells and 69 per cent had more than 6,000 leucocytes. It 
uiigbt be argued that those patients having normal white cell counts were not 
j really poisoned, but to sustain such a point of view one would have to contend 
that anemia, macrocytosis, and thrombocytopenia were no evidence of benzol 
- poisoning. 

Table VII 

Distribution of Leucocyte Counts in Control and Benzol Groui’s 
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Table VIII 


Distribution op Lymphocyte Percentages in Control and Benzol Groups 


LYJtPHOCYTES 
(PER cent) 

1 control I 

1 BENZOL 

NUMBER 

1 per cent 

NUMBER 

PER CENT 

10-19 

2 


10 

8.9 

20-29 

10 


41 

36.0 

30-39 

40 


41 

36.0 

40-49 

23 


15 

13.4 

50-59 

5 

6.2 

5 

4.5 

60-69 

1 

1.2 

0 


Total 

81 

100.0 

112 

1 100.0 


Table IX 


Distribution of Absolute Lymphocyte Values in Control and Benzol Groups 


LYMPHOCYTES 
(ABSOLUTE numbers) 

1 control I 

1 BENZOL 

NUMBER 

PER CENT 

NUMBER 

PER 

750-1,000 

1.000- 1,999 

2.000- 2,999 

3.000- 3,999 

4.000- 4,999 

5.000- 5,999 

6.000- 6,100 

0 

9 

34 

20 

14 

3 

1 

0 

11.1 

42.0 

24.8 

17.2 

3.7 

1.2 

7 

54 

39 

8 

4 

0 

0 

6.2 

48.3 

34.8 

7.1 

3.6 

0 

0 

~ mo" 

Total 

81 

100.0 

02 ; 


Table X 

Distribution op Monocyte and Eosinophile Percentages in Control and 


A 


MONOCYTES 

CON' 

FROL 

pFT?. PENT 

BE.N 

number 

ZOL ^ 

FiTcENT _ 

0-5 

6-10 

More tlian 10 

39 

39 

48.2 

48.2 

3.6 

100 0 

55 

49 

S 

U2 

Tai 

43.7 

7.2 

, — 



B 

- 

eosinophiles • 
(per cent) I 

CON' 

FROL 

PER CENT 

ben 

number 

rzoli ^ 

0-3 

4-7 

More than 7 

64 

15 

2 

79.0 

18.5 

2.5 

T2 

30 

0 

26.8 

Total 

81 

100.0 

n2 ^ 



Table XI 

Distribution op Platelet Counts in Control and Benzol G 


PLATELETS 
(PER C.MM.) 

control 

NUMBER 

PER CENT 

14,000- 50,000 

0 

0 

50,000- 99,000 

0 

0 

100,000-149,000 

9 


150,000-199,000 

11 


200,000-249,000 

20 


250,000-299,000 

8 


300,000-380,000 

2 



50 


100.0 



Total 
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the benzol group as in the control group, whereas values alrove 40 per cent were 
. tmee as frequent in the eontrols. These findings can lead to but one conclusion, 
= namely, that exposure to benzol produces, if anything, a relative Ujnqyhopcnia. 

- That this lymphopenia is absolute as well as relative is shown in Table IX. It 
■ will be pointed out later that in the present study relative lymphocytosis was not 

found even in those cases which showed evidence of severe damage to the 
hematopoietic system. It would seem tliat a frank relative lymphocytosis oc- 
curs with some frequency only in those eases of benzol poisoning which terminate 

- fatally with a fully developed picture of aplastic anemia. 

Differential Formula . — Except for the lymphocytes, no features in the dif- 
ferential formula require any extended comment. The neutropenia, so prora- 

- inently featured in the literature, is based on the same questionable standards 
' as the alleged lymphocytosis and so requires no further discussion. In perform- 
' ins the differential counts by Schilling’.s' method, it was apparent that there 

was no significant shift of the polymorphonuclear cells either to the left or to the 
right. For this reason, there seemed to be no indication for doing Cooke or 
Arnoth counts. 


As can be seen in Table X monocytosis and cosinoiihilia did not occur in 
the benzol group nor were unusual numbers of basophiles found. Jlyoloblasts 
, '"J'slocytes were not soon in any of the blood smears that were examined. 

Dlood Platelets . — A reduotion in the number of blood platelets was a fre- 
qnent and significant finding in the group cxpo.sed to benzol. Table XI shows 
^ benzol group had less than 100,000 2 )latclDt.s, while only 

• ■I per cent had counts above 200,000. In the control group there were no 
f counts under 100,000, and 60 per cent were above 200,000. The difference be- 
I ''oen the two groups was marked enough to indicate that a diminution in 
itomjoeytes is an important part of the blood picture resulting from benzol 
osposiire. 


Table XII 


tll-'TRIBUTlOX OF RETICULOCYTE PERCEKTAGCS IN CON'THOL AND BENZOL GROUF.S 


f'ETICULOCYTES 
(per cent’) 

1 CONTROL 1 

1 RENZOL 

NUMDEIl 

PER CENT 

NUilBEU 

PER CENT 

O.C-l.o 

n 

.^•MOre than 0 n 

lU 

28 

n 

34.1 

59.5 

0.4 

0 

40 

38 

2‘> 

" 3 * 1 

38.8 

36.9 

21.4 

2.9 


47 

100.0 

103 

loo.n 


Ui highest \alue was 2.4 per cent. 


!>' *1 be Table XII the reticulocyte coinits tended 

ihc hinhj ' ' benzol group than in the control group. In general. 

Host sever found in those individuals who showed evidence of the 

■ ■hcrcise'*^'' *^ugrec of damage to the hematopoietic system. No really significant 
Die d' encountered in the entire series, 

hleedin XIII shows some tendency toward prolongation of 
’*0 iiii]iv''f henzol group, but outspoken abnormality was rare. Tlie 

'* ""hose lileeding time was longer than fifteen minutes Iiad 46,000 
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and 30,000 blood platelets, respectively. These were by no means the loivcs! 
platelet counts found in the series. Of particular interest is the fact tliat al- 
though in 12 cases thrombocytes numbered less than 50,000, and in 35 cases we 
below 100,000, onlj" two individuals had excessively long bleeding times, and in 
only three more was the bleeding time moderately prolonged. It is apparent thal 
following benzol exposure it is possible for the platelets to reach a very low level 


without any change in the bleeding 

Distribution of Bleeding 

time. 

Table XIII 

Times in Control and Benzol Groups 

BLEEDING TIME 

1 CONTROL 1 

1 BENZOL 

(MINUTES) 

NUMBER 

PER CENT 

1 NUMBER 

1 PEE PENT 

Less tlian 2 

4.1 

82.7 



2-4 

9 

7.3 



4.5-6 

0 

0 



More than 6 

0 

0 



Total 

52 

100.0 

1 105 

1 jUU.U 


•In these two cases the bleeding was controlled by local pressure after fifteen minute. 


Table XIV 

Distiubution of Coagulation Times in Control and Benzol Gbolts 


coagulation time 
(Minutes) 

CONTROL 

NUMBER 

PER CENT 1 

Less than 9 

10 


9-12 

34 


13-16 

7 

13.4 

More than 16 

1 

1.9 

Total 

52 

100.0 



Coagulation Time . — Inspection of Table XIV reveals that no s g ^ 
difference in coagulation time between the control and the benzo 
found to exist. In the two cases already mentioned as having proloHnO ^ 
time, retraction of the clotted blood was delayed and the clot remaine 

Erythrocyte Sedimentation Rate . — Included in the salt 

sake of completeness is the erythrocyte sedimentation rate, ^ y 
to yield abnormal results in a great variety of diseased states, a I 

a very close agreement between the results in the control and benzo = 
may be said that the sedimentation speed of the red corpuscles is P 
no significance in connection with benzol exposure. 

' Table XV „ 


ERYTHROCYTE SEDI- 
MENTATION RATE 

CONTROL 

(mm. per hour) 

NUMBER 

per cent 

Less than 9 

51 

86.5 

More than 9 

8 

13.5 

Total 

59 

100.0 



+1 ot in the benzol gro"! 
Hematocrit {Cell Volume ). — It is not surprising that gj^o^dd shon 
where anemia was a frequent finding, the hematocrit va ues 
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■ tendency to be lower than in the control group. Table XVI shows that in the 
benzol group nearly twice as many individuals were found -with cell volumes less 
than 45 per cent as in the control group, and conversely, twice as many in the 
‘ control group had values greater than 45 per cent. This difference is probably 
nothing more than a function of the anemia and has no specificity as far as benzol 
exposure is concerned. 

Table XVI 

Distribution’ of Hematocrit Values in Control and Benzol Groups 


CONTROL 

NUMBER 

PER CENT 

1 

1.2 

31 

1 .38.4 

47 

58.0 



PER cent 


1.1,4 

56.7 

26.0 

1.9 


Mean Corpuscular Volume (M.C.V .) — As was previously mentioned the 
mathematical method of measuring the average size of the erythrocytes was 
considered more suitable for the present study than methods depending on 
cilimates or measurements of cell size in stained blood films. (M.C.V. = hemato- 
ent X 10 i red blood cells in millions.) Apparently this is the first time this 
"lethod has been applied to a large group of individuals who have been subjected 
to exposure of the typo described in this study. Since the test is simple and well 
standardized, comparison of subsequent studies xvith those reported here can 
Kasonably be made. 


Table XVII 

■>'sn;iBonox or Mean CoRrosouLAp, Volume Values (Average Size op Ervtheocytes) in 
^ Control and Benzol Groups 


“'‘x conposctiLjw 

VOLUME CONTROL BENZOL 

— NUM BER PER CENT NUMBEF, PER CENT 

' !?■ 7 sis T ois 

sS‘ ii 8 >2.0 2 1.9 

It m 23.4 9 8.8 

S' ™ 20 26.7 19 18.5 

: 1 i " - " - 

ISj » " " 

‘ llTlln 0 0 , 0..f 

0 0 2 1.9 

fjt 100 0 ^ iftn.n 


PER CENT 

(L9 

1.9 

8.8 

18.5 
23.2 

14.6 
15.5 

7.8 

6.9 

1.9 
100.0 


K (j! I'ange for mean corpuscular volume given by Wintrobe® is from 

f present study 69,4 per cent of the patients in the control 

In the ''fihiti this range, with 21.3 per cent below and 9.3 per cent above. 
/ 'lot at ^loup 50.5 per cent fall within Wintrobe’s normal range, 2.8 per 
y Oiatter^l”" ^ above. The details are given in Table XVII. 

Patients ' ^Sures are analyzed, no conclusion seems possible except that 

!*'i Pronp. benzol group had larger erythrocytes than those in the control 

" other words, the anemia associated with benzol exposure is of the 
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macrocytic type. The fact that the technique followed for determining mean 
corpuscular volume was a slight modification of that described bj- Wintrobe® docs 
not invalidate the comparison between the control and benzol groups in this 
study. 

Mean Corpuscular Hemoglobin (M.C.H .). — This method of expressing the 
average hemoglobin content of the erythrocytes is analogous to color index. It is 
the preferred method since it is not influenced by varying views as to what con- 
stitutes 100 per cent hemoglobin or 100 per cent red corpuscles. (M.C.H. = 
grams of hemoglobin per 1,000 c.c. of blood ■¥ red blood cells in millions.) 

According to Wintrobe,® the upper limit of normal for M.C.H. is 32 /i/ig. 
Table XVIII shoxvs that no case in the control group exceeded this figuie, 
whereas 30.9 per cent of the benzol group had abnormallj' high JI.C.H. values. 
Further, in the low ranges, 24 to 29 /xpg, there were found 87.7 per cent of the 
controls and onlj- 35.8 per cent of the benzol cases. The findings seem to in 
dicate quite definitely that thei’e is hyperchromia of the erythrocjles of m 
dividuals who have been exposed to benzol. 


Table XVIII 


Distribution of Mean Corpuscular Hemoglobin 
OF Erythrocytes) in Control 


Values (Average Hemoolobix Coxtev 
AND Benzol Groups 



Table XIX 

Distribution of Mean Corpuscular Heaioglobin Concentration ALvlues 

Benzol Groups 


mean corpuscular 

hemoglobin 

(CONC. PER CENT) NUMBER 

25-26 TV 

27-29 5 

30-32 55 

33-35 19 

36-3S 1 

39 0 

Total SI 


CONTROL 


number 


jx coxTSen -'xe 


" 0 
1.0 

38.0 

50.0 
S.C 

0^ 

iooiC- 


.-.r r, /n ) _The 

Mean Corpuscular Hemoglobin Concentration (M.v.o.j- ^ ascerto'® 

performing the mean corpuscular hemoglobin concentration jj js a 

whether hj^perchromia is merely a reflection of macrocytosis, oi v' ^ ^pains 
result of actual overloading of cells with hemoglobin. (H-C. • 
hemoglobin per 100 c.c. of blood hematocrit. The result sliglitl,'" 

cent.) "NVintrobe® givms 33 to 38 per cent as the normal range, t is 






COLDWATEIl: ni.OOD DISTUnnANCES FOLLOWJxr. EXl’ORURK TO liENZOI. 969 


. higher than that of the control group in the present study. If one compares 
■- the benzol group with the controls (Table XIX), it is apparent that the great 
. majority in each gronp fell between 30 and 35 per cent ; 91.5 per cent of the 
controk and 88.6 per cent of the benzol group were in this range. Only one 
individual in the entire series had an M.C.G. value above Wintrobe’s normal 
' limit. Nevertheless, the trend in the benzol group is distinctly higher than that 
of the controls, and statistical analysis of the two groups (see Table XXII) 
indicates that there is a significant difference. This would suggest that the 
‘ li.vperehromia associated with benzol exposure is due not only to maerocytosis but 
- also to increased concentration of pigment in the erythrocytes. 

Fragilitii of the Erythrocytes . — The test for fragility of the erythrocytes 
"■as performed on 68 controls and 92 members of the benzol group. When the 
' results in the two groups were compared, no significant difference was found. 
< This being the ease, the findings are not given in detail. 

Serum Silinibin . — Since the test for serum bilu’ubin was not performed in 
the control group, the normal values given by the authors of the method fol- 
Imvcd"' will liave to serve for comparison. These observers state that a serum 
bilirubin value greater than 0.75 mg. per 100 c.e. of Itlood is abnormal. Table 
XX shows that 32.4 per cent of the w’orkers in the benzol group exceeded this 
feiite, with 10.8 per cent having more than 1.0 mg. per cent. 


Table XX 


DrSTr.iBL’TioN OF SERL’.\r Bilirubin Values in the Benzol Groups 




SEHUM BILIRUDIK 

1 DENZOI. 

(Mo. PER CEKT) 

NUMBER 

I PER CENT 

tliau 0.75 

GO 

()7.(i 

0.75-1.0 

oo 

21.0 

• More than l.o 

n 

10.8 

— . Torn! 

J0L> 1 

100.0 


laiients Showinej Severe II ematoloejic Ahnormalily .—In order that some 
Patison might be made between the present series and tliose cases which 
fni the basis for most of the reports in the literature, a group of individuals 
“ing severe hematopoietic damage has been selected for special consideration. 


Aon 

The 


foil selected arbitrarily and consists of cases in which any one of the 

tot”)""'*'' was present: 1. Erythrocytes of 3.0 million or less. 2. Leu- 

Ps of 4,000 or less. 3. Platelets of 50,000 or less, 
in T 'l picture of the more important findings in this group is given 

ntiah ! ^ Since these cases have been artificially selected, any extensive 

Tabl'*vY^ *be blood pictures would have little meaning. Among other things, 
** ■‘ *'1 reveals the following blood findings ; 


1. Every case but one showed some degree of Icucopenia. 
bn 3 cases (Nos. 9, 12, and 20) the leueopenia was not associated 
"*th significant diminution in erythrocytes or thrombocytes. 

2. Fifteen of the 23 cases had subnormal red blood cell 
'“tints. In all but two of these the white blood cells and platc- 

“ts Were also distinctly subnormal. 
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table XXII 
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3. Thrombocytopenia was present in 18 of the 23 cases. 

In two of these (Nos. 15 and 17) the erj-throcytes and leuco^ 
cytes were not significantly reduced. 

4. The erytlii'ocytes w^ere abnormally large in 14 of the 22 
cases in which size was determined. 

5. Only one of the 22 cases with leucopenia had even a 
slight elevation of the lymphocyte percentage. 

Actually the Ijmiphocyte figures were lower in the severely involved group than 
in the control group. Values above 40 per cent occurred in 35.7 per cent of the 
latter as compared with 17.4 per cent of the former. 


DISCUSSION 


It would seem superfluous to indulge in anj^ extended discussion of t e 
foregoing findings. Points of interest to the industrial hygienist haie receive 
attention in another publication^ which deals with benzol poisoning as an in 
dustrial hazard. 

Certain statistical analyses of the results were undertaken. These are 
marized in Table XXII. The analj^ses consisted in comparing the 
the benzol group to see whether significant differences existe . e a 
veal that in all instances in which the results were tested the di 
tween the two groups can lie considered significant. It should e oine 
that in this comparison the entire benzol group, and not selecte cas , 
used. 


SUJniARY^ AND CONCLUSIONS ^ 

1. Complete blood studies were performed on a relativelj 
individuals who had been exposed to concentrations of benzo vapo 
from 11 to 1,060 p.p.m. for periods of from six to sixty months. 

2. For comparison, similar studies were performed on a simila 

workers in a nonhazardous industry. expQsf<J 

3. The abnormalities most frequently observed among the 

to benzol were (a) anemia, (b) macrocytosis, and (c) throm ocj o 

4. Leucopenia was present in only a small percentage of the 
been exposed to benzol. 

5. Relative Ijnnphocjdosis was not found. 

6. Comparison of the benzol group ivith the controls 

exposure is likely to result in both relative and absolute lymp basophih^ 

7. Neutropenia was relatively rare; monocytosis, eosinophiha, 

were not found in the benzol group. ^^.^5 rare 

8. Prolongation of the bleeding time following benzol ®P 
in this study and did not paraUel the reduction in thrombocj 

9. Prolongation of the coagulation time was rare in the ^ ^ 

10. Relatively high hemoglobin values were a common over- 

group. This abnormality was associated with macrocj tosis a 
loading of red corpuscles with pigment. 
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11. The erjThrocytc sedimentation rate is apparently not altered in benzol 
exposure. 

12. The fragility of the erythrocytes does not seem to be significantly altered 
in benzol exposure but there seems to be a slight elevation of the serum bilirubin. 

The studies covered In this paper were made while I w'as a member of the staff of 
the Division of Industrial Hvglene of the New York State Department of Labor. Through 
the courtesy of Dr. Leonard Greenburg, Executive Director of the Division of Industrial 
Hjfiene, the data were made available for this report. Invaluable assistance In the statistical 
analyses was given by Dr. Blorton Kramer, of the New York State Department of Health. 
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THE ARTERIAL CIRCULA'iRON OP THE LOWER EXTREMITIES 
IN CHRONIC ARTHRITIS® 


Otto Steinbkockek, M.D., and SxVUl S. Samuels, M.D., NE^v York, N. Y. 


A STUDY" of the arterial circulation, of the lower extremities in chronic 
arthritis was suggested bj' the repeated observation of vascular disturbances 
in patients attending the Arthritis Clinic. Such circulatory abnoimalilies, par- 
ticularl}' vasomotor, have been mentioned occasionally in treatises on artlintis. 
Search of the literature reveals little attention devoted to the arterial circulation 
of the limbs in the rheumatic diseases. The need for investigation in this fid 
was pointed out recently in the annual survey of publications on arthritis. 

METHODS AND CRITERIA 


The patients included in this series were suffering from arthritis an rea e 
conditions fqr which they were subjected to the routine physical and la ora oiy 
examinations of the clinic. They were then referred to the vasculai epa nie 
for study of the arterial circulation of their lower extremities. Eve^ pa 
rvas examined by both of us. The diagnosis of arthritis or related con i 
based on physical examination, laboratory data, such as total blood 
filament count, sedimentation rate, uric acid content of the blood, an 
examination. The diagnostic designations were rheumatoid arthritis, aj^^ 
inactive; typical or atypical. Other classifications according ° 

signs were osteoarthritis, combined arthritis (osteoarthritis aw i 
fibrositis, gout, and sciatic syndrome. 

The criteria for the diagnosis of arterial disturbance ueie, oscillo- 

importance : plantar ischemia, relative coldness of the feet, rec ™ 
metric readings at the pedal and ankle levels, and diminishe 
absence of palpable arterial pulsation. Roentgen evidence of ca ci 
of the legs and feet ivas also taken into consideration. 
sought after elevation and repeated flexion of the feet, aceoidmg e con- 
described by one of us (S. S. S.). Rubor on lowering the coldness 

stant in incipient arterial disease but rvas noted when present, e a 
of the feet was estimated b3’^ a thermocouple and bj^ palpation, puke 

and doi-salis pedis pulses were palpated for their presence and 'jjjgj,^g{er. 
tracings of the feet and legs were made with a Tycos recording os 

It is necessaiy to distinguish arteriosclerosis from arterioscleio^^^ jiovcvc''! 
The fonner denotes structural changes in the walls of the ai present 

necessarily^ causing obstruction to arterial onflow. Calcification j 
to such a degree as to be visible in roentgenograms, but t lei^^^ ^]j,5]inishf<* 


sufficient narrowing or blockage of the lumen of the arteries o 


•From the Arthritis and Perioheral Arterial Clinics, 
Fourth Division. Bellevue Hosnital, New York. Charles 
Carl G. Burdick, M.D.. Surgical Director. 

Received for publication, March 4, 1940. 


, and.the Afedica’ and 
'H. Nammack, Al.t>-. - 


974 



RTEINBROCKER-SAMUELS: ARTERIAL CIRCULATION IN CHRONIC ARTHRITIS 975 


flow. However, when the element of obstruction is introduced by narrowing of 
the lumen or by actual blocking with a thrombus, the terminology as well as the 
. physical conditions are changed, resulting in arteriosclerosis obliterans. 

Unilateral arterial spasm occurs in varying degree in incipient organic 
arterial disease. As a rule, spasm merely accentuates existing changes produced 
by the organic lesion. In other words, it may intensify ischemia, it may in- 
1 crease coldness and may further diminish the amplitude of arterial pulsation. 

Any or all of these effects of ^asin may be cither abolished completely’ or 
_ modified by injection of novocain about the posterior tibial nerve. If ischemia, 
temperature, and pulse amplitude are affected by this injection, one must still 
. consider the underlying condition an organic lesion because of its unilateral 
. occurrence. Pure spasm in an isolated extremity is rare except in the case of 
direct external trauma to the large arteries of the limb. 

For these reasons, the presence of plantar ischemia, coldness, and dimin- 
, ished or absent oseillometric pulsation either alone or in combination, with 
asymmetric distribution, has been considered definite evidence of arterial 
disease. The cause of the arterial obstruction has been ascribed in every such 
. to arteriosclerosis obliterans because of the common prevalence of 

_ ^ 15 disease. Thromboangiitis obliterans is excluded because of its character- 
istic clinical picture of incidence in young males with accompanying venous 
j involvement. The absence of superficial migrating phlebitis in any of these 
. fases lends further doubt to the diagnosis of thromboangiitis olditerans as the 
Pause of arterial obstruction in any of the cases here reported. 


DIFFERENTIAL POSTERIOR TIBUL BLOCK 


( .... patients presenting evidence of arterial obstruction, posterior 

■ PPov d h Prescribed by Scott and Morton,^ was performed. The procedure 
in tw doubtful diagnostic situations. Anomalous response occurred 

-1 iti" * ^ of whom the temperature rose without any accompany- 

Pirterial pulsation ; in the other an increased oseillometric reading 
In following the block, but the temperature rose only slightly. 

. If.... ^ color and temperature observations, oseillometric pulse records 
Remade before and after blocking. 


ndth ^ f ^ ^ ^ Indicates, there were 47 patients with rheumatoid arthritis, 71 
' ^'^nrthritis, nine w'ith fibrositis, two with gout, tw'o -with gonorrheal 

’ fheu mixed arthritis, four with sciatica. The average age in 

Si’oup was 44.4 years; in the osteoarthritis group, 51.3 years. 
' on elevation of the lower extremities, with or without 

atitl ill 2^0^*^ feet, -was observed in 26 patients with rheumatoid arthritis, 
' osteoarthritis. In a few patients with rheumatoid 

‘ • '^^^^^^Pniiied by vasomotor disturbances some i)lautar blanching was 

patients^ lowered skin temperature, was noted in 26 rheuma- 

osteoarthritic patients. These observations confirm pre- 
® of the surface temperature changes in these diseases. The tern- 
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perature abnormalities were determiner) hir , 
fovmd that gross sstimatta, of teZralt “ 

by the fingers of a trained oli«!Pvvev ^ eiifieinities 

in about 80 per cent of the eases. ' ladings 


Table I 


tvpe of arthritis 
Arerage aro 

Kresthesia~ ~ — 

Intermittent Claudication 
Coldness 
Cyanosis 
Rubor 
Ischemia 

Temperature changes 
Rulsation absent 
Oscillometer reading abnormal 
Ji-rnys 

Total patients 
Arteriosclerosis obliterans 
bpasm. 

Negative 

Arteriosclerosis obliterans % 
Total vascular disturhattfnc 
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arthritic diminished in 22 patients with vheumatoiil 

was imnnv't ostcoartiiritis. The amplitude of individual oscillaiii”^' 

at oAvviig. any abnormal variation. Differences la readings 

werp oor> both extremities, as illustrated in Figs. 1 a«d 2, 

were eonsidered of great diagnostic importance. 

matniri^ sations^ of one or more arteries were absent in nine patients with rheti- 
npriio o eight with osteoarthritis. Pulsations of the clorsalo 

deternn'? ^ posterior tibial arteries rvere studied. While an cft'cd 
tinn ^ ^Rd the force of these pulses was made, this info™®* 

^Rsidered to have little, if any, diagnostic value in incipient arteWa 
nnm?->e' RR lowering the e.xtremities wmre found in a sroa 

rheimio^f^-i of the feet was observed in ten patients 'V)li> 

mtieT)+o*^^-+i^^v with osteoarthritis. Kubor was noted in ^ 

u 1 I f eumatoid arthritis and in five with osteoarthritis. 
nf indicating intermittent claudication, despite the high iucidfnfj 

cu a oiy abnormalitj^, were elicited in only two patients with rheinaalon 
arthntis and m one with osteoarthritis. 

,.L msias of the lower extreinitie.s were described by five patients^ ' 

euma oi arthritis and five with osteoarthritis. These symptoms sra in 
anc piesent a diagnostic problem in arthriths with avtei’ial distm 

+L ^ ^ ® difficulty of relegating them to either a circulatory or an ^ : 

thritrc basis. 

. ivith the above findings, as indicated in Table I, 28 * 

I eumatoid arthritis were considered as presenting evidence o 
spas ic alter lal disturbance; 23 patient-s with osteoarthritis showed signs 
similar eondition.^ Three patients with rheumatoid arthritis gave 
evidence of arteriosclerosis obliterans, while two patients with ostenar ■ ■ 
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: appeared in the same categoiy. When the findings were suggestive, but not 
definitely indicative of occlusion, the case was placed in the vasospastic group. 
• There were eight such cases. 

In a group of nine patients with fibrositis one showed signs of arterio- 
sclerosis obliterans. In none of the others was there demonstrable evidence 
, of arteriospasm. Of four patients with combined arthritis three had varying 
-degrees of arteriospasm. One of four patients with sciatica showed arterio- 
' sclerosis obliterans; in three there were no vascular abnormalities. Of two 
'patients with gout there were signs of arteriosclerosis obliterans in one and 
of arteriospasm in the other. Two patients with gonorrheal arthritis showed 
no circulatory disturbances. 




^ pulses In the pedal pulses in arthritis Each tracing shows both pedal 

(> In the unequal tiblal pulses in arthritis. Each tracing shows both tibial 


■ ^^iited si/ patients with rheumatic disease, therefore, seven pre- 

inosis of ^^‘teriosclerosis obliterans. Insufficient or no evidence for diag- 
1 arthritis ’disturbance occurred in 16 of 47 patients wdth rheumatoid 

dn tih^^ patients with osteoarthritis. 

per ^ a "whole, of 47 patients Avith rheumatoid arthritis, 28, or 

' showed signs and symptoms of vasospastic arterial disturbance. 

' eo/lT^ osteoarthritis, 23, or 33.2 per cent, gave evidence of a 
'' ^^hons rheumatoid group three, or 6.3 per cent, gave indi- 

■'^’’Ihritis obliterans, Avhereas two, or 2.8 per cent, with osteo- 

^seated a similar complication. 
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f™ «!imcal evide'JrSTLrmality f ‘>>»». 31, ,, 6M 

dividual cases, although sugo-estivc ui 

isMssioia One patient with rhenmitole r°‘ «eri»ftB 

ti.ut.s suffered from ga„ „t "7 "f “tl a'»«.er will, 

*abe.es meiiitns was a pr„„o„„eed eompt.r^iaeJr"' 

Table ll 

-tNClGENCE OF jNFErTrnTTo a ^ 

With ARTORrAlXsTORBlNcEs’™ 



I total 

j patients 

I avith 
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SELAWOiV op PPRipwep , r 

A uatiu-al • " ' arterial, disturbances to location' of akthrub 

sibility of a I'elationshiif^l^'*!^^ course of this iiivestigatjoii wasthepos- 

in the same extremitv A ^ circiilatorj' signs and arthritic involvcnieiK 
iated extremities did an ^ f Table II, a iiniited local reaction in isd- 

one possible source of 'v ^ smaii niunber of patients and suggested as 

as a reaction to the ^^nrnotor symptoms a local reflex angiospasm perliaps 
recording the arterial^ joint. While this study was conlined to 

toms in the unneu lower extremities, striking vasomotor .symp- 

oti.. ^'®bs of these natiant,. 1.,.. 


toms in the upper limh ^ e'^tremities, striking 

The influence of rf ° Patients Avere frequently seen, 
festations is indieotpH disease upon the location of vasomotor mam'- 

arthritis presentino- patients Avith aetiAm rheumatoid 

tion oi 
and fet. 


arthritis presenting v patients Avith active rhe 

arthritic symptoms disturbances of the loAvcr extremities, n 

joint troiihle to th iiiAmlAmd all extremities, five shoAvecl liniitatioa oi 

In eight persons _ extremities, and only one to the knees and fet- 

.eiated eireulatory s’o- symptomatic rheumatoid disease and ass^' 

involvement and loAAmr extremities, six shoAved generabzed 

the knees and feet presented arthritic symptoms restricted tf* 

These observations t involvement of the upper extremide-? on!}- 

of the patients is nn location of peripheral vasospasm in manr 

Of n patl,.r. f *” “o “i** ■>! rhwmutoM activity, 
disturbances of the °®*eoarthritis, as listed in Table If, 25 shoved arterial 
ihritie complaints limP^Tl extremities. Only ten of this group presented ar- 
The hilhei- n J, extremities, 

rheumatoid diseaco i'WofoId, incidence of vasomotor symptoms fomn "• 
whether Amried Avith osteoarthritis raise.s the questwR as o 

usative factors account for the difference. Close anaiff'^ 
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reveals that cireiilatoi-y symptoms are not as prevalent in rheumatoid arthritis 
when the infectious process has subsided. Table II shows that the frequency 
of arteriospastic signs was highest in active rheumatoid arthritis (23 of 30 
patients, or 77 per cent), ne.xt highest among those with inactive rheumatoid 
arthritis (8 of 17 patients, or 47 per cent), and least (25 of 71 patients, or 35.2 
per cent) in osteoarthritis. 

It is tempting to attribute the high incidence of peripheral arterial symp- 
toms in active rheumatoid disease to the irritative effect of the underlying 
s.Tstemie infection. Such an assumption, however, eould not clearly explain 
similar circulatoi-y symptoms in apparently inactive rheumatoid arthritis and 
certainly does not account for vasospastic complaints in osteoarthritis which 
IS generally considered to have a degenerative rather than an infectious basis. 

It is readily discerned that the one clinical feature all of the three groups 
of arthritis present in common is symptomatic, painful articular disease. After 
thorough consideration of these facts one, therefore, must deduce that in these 
joint conditions some close, dynamic relationship may exist between painful, 
arthritic symptoms and the periplieral vasomotor imbalance with which they 
ate frequently associated. Such a relationship appears most commonly, it is 
hue, in the presence of active rheumatoid disease in which it is probable that 
systemic infection alone often may produce the circulatory disturbances by a 
Mai, toxic neurovascular reaction or, more likely, by central stimulation of 
t e vegetative nervous system. It is further possible that systemic toxins in 
active, rheumatoid arthritis may supplement and augment the reflex mecha- 
uism initiating arterial disturbances, presumably as in quiescent rheumatoid 
osteoarthritis. This does not include the majority of patients 
symptomatic osteoarthritis who do not present vasomotor disturbances. 


Table m 


JoiKT X-Rays 


OF 87 Patients With Vascular Disease 
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28 
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As ^THRItis in patients with vascular disease 

cviiitnro of the vascular study in arthritis, a group of patients with 

Lie Of ione-stnnrli .11 1 i:_:. 


sludiea for 


long-standing arterial disease attending the vascidar clinic were 


'Mclinn complaints, signs, and roentgen evidence of arthritis, Ac- 


; 0 Table ni, of 86 individuals in this series under treatment for frank 


‘Uvolvetoont^^^’ cent, gave no information or signs of rheumatic 

historic Twenty-eight patients, or 32 per cent, yielded posi- 

or roentgen evidence of rheumatic or arthritic 


in some form. 
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THERAPY IN ARTERIAL DISTURBANCES IN ARTHRITIS 


A variety of medical'*’ ** and surgical”’ ‘ measures have lieen suggested to 
improve the peripheral circulation in arthritis. Although this report embraces 
an essentially diagnostic investigation, mention of some therapeutic experi- 
ences may not be irrelevant, A limited group of patients with arthritis shov- 
ing vaso.spastic or occlusive disturbances were subjected to intravenous hiiier- 
tonic saline therapy. Of 12 patients treated from three to eighteen months, 
seven showed marked improvement in symptoms, particularly in relief of dis- 
comfort in the lower extremities and in their ability to walk longer distances 
without the usual pain. Tlie knoxvn angiospastic influence of tobacco wamiits 
restriction of smoking in arthritis with severe vasomotor symptoms, together 
with other special care recommended for those patients with signs of arterial 
occlusion.® The accepted value of alcohol in circulatory disturbances mate 
it a worthy addition to therapy in arthritis® when vasospastic complaints sie 
present. 


SUMMARY AND CONCLUSIONS 

1. In a clinical investigation of rheumatoid arthritis, 65.9 per cent of the 
patients showed abnormalities, usually vasomotor disturbances, of the aitena 
circulation of the lower extremities; in osteoarthritis 35.2 per cent of the eases 
presented similar findings. Three rheumatoid patients, or 6.3 per cent, 
simultaneous arteriosclerotic occlusiA’'e disease; two with osteoarthiitis, or -■ 
per cent, presented evidence of arteriosclerosis obliterans. • 

2. Study of those patients with ai’thritis presenting arterial 
showed no direct, consistent relationship between the location of t le xas 
signs and the site of the arthritic process. The evidence suggests 
vasomotor disturbances in chronic rheumatoid arthritis and 

may be attributed to some systemic reaction probably acting 
pathetic nervous system, although in some cases a local irritatne e 
spastic mechanism in the painful arthritic extremity cannot be 

3. In a control group of 86 patients with advanced organic of 

28, or 32 per cent, offered a history, physical signs, or 

rheumatic or arthritic involvement at some time. These findings s 
the incidence of such ailments in similar age groups of orteris' 

arterial disturbances and conti’ibute clinical evidence that piono 
disease alone does not usually produce arthritic signs and 


REFERENCES _ _ AnFOW'' 

1. Hench, P. S.: The Present Status of Kheumatism and Arthritis: Rei 

and English Literature for 1936, Ann, Int. Med. 2: 1^9, 1- • , Piagi"’* 

2. Samuels, S. S.: The Early Diagnosis of Thrombo-angiitis Obliteran,. 

.Sign, J. A. M. A. 92: 1571, 1929. . . p^rlnher.il Arterial bps. 

3. Scott, W. J. M., and Morton, J. J.: The Differentiation of Penpe 

and Occlusion in Ambulatory Patients, J. A. M. A. 97: “p, ’ . i ; ’ {he 

4. Kovacs, J.: The Iontophoresis of Acetyl-beta-methylcholin OJi jgg; • j 

Chronic Arthritis and Peripheral Vascular Disease, Am. ■ * J. .i' in 

5. Pox, E. P., and Van Breeman, J.: Chronic Bhenmatism, Londo , .md Tru 

6. Eowntree, L. G., and Adson, A. W.: Eamisection of Sympmne ‘ 

Chronic Infectious Arthritis, Ann. Int. Med. 4: 331, 1 • p-Qiion'ing 

7. Patterson, E. H., and Stainsby, W, J.: The Therapeutic Ettects r 

of the Sj'mpathetic Nerves, Ann. Surg. 103: 514, 1936. Periphef®' - 

8. Samuels, S. S.: The Diagnosis and Treatment of Disuses o , 

Nerv York and London, 1940, Oxford University 

9. Weissenbach, E. J.: Use of Wine in Arthritis, J. de mCcl. ae 


35 East Ninth Street 
151 East 83rd Street 



EPINEPHRINE OUTPUT PROM THE ADRENAL GLANDS IN 
EXPERIMENTAL HYPERTHYROIDISM® 


J. M. Rogoff, M.D., Sc.D., Pittsbukgh, Pa,, and 
Ruth Cortell, Ph.D., Chicago, III. 


TT IS often assumed that changes in irritability of the sympathetic nervous 
* system that occur in hyperthyroidism arc related to a corresponding increase 
in the rate of liheration of epinephrine from the adrenal glands. The investi- 
gation reported here was undertaken to obtain quantitative information on 
this question. 

A significant role in the etiology and pathology of hyperthyroidism and 
of a number of other diseases, notably diabetes mellitns and arterial hyperten- 
sion, is commonly attributed to the adrenal medulla. This is based chiefly on 
P armacodynamie, sometimes toxic, reactions that are obtained on administra- 
lon of epinephrine in pharmacologic doses. Support of quantitative measure- 
nicnts of the epinephrine output from the adrenals, under appropriate experi- 
mental conditions, is lacking. 

Eppinger, Palta, and Rudinger' postulated a mutual stimulating interrela- 
^lons ip between the thyroid gland and the adrenal medulla. They suggested 
probability that, in hyperthyroidism, the excess thyroid secretion may 
ate secretion of epinephrine from the adrenals, which in turn is respon- 
inte' r irritability of the sympathetic nervous system. Such an 

i( between the thyroid and adrenal glands seems unlikely, for, 

cycle of mutually induced hypersecretion from both these 
and t ‘*‘^‘^^™"E'ition of relatively large amounts of epinephrine 

“thyroid hormone in the circulation. 

"ilh assume that experimentally created conditions are identical 

the n tl *^°t^'tions that occur clinically. Nevertheless, since certain of 

the out " 1 ""*° “hnifestations often are attributed to an associated increase in 
'I'miitit^r tP'naphrine from the adrenals, it seemed desirable to perform 
t®c into fl,'' ‘'^P“*™ents for determination of the rate of liheration of epineph- 
'■''Perimei '^'‘'‘^'tEation in dogs subjected to prolonged thyroid feeding. These 
*hips boj,,, * ‘a'r investigation on possible functional interrelation- 

"'atedtotT' adrenals and the thyroparathyroid apparatus. Experiments 
parathyroid will be reported in another paper. 
iArmour’ i" * ^Eace males and three females, received desiccated thyroid 
E“m tbre \ '‘^P'^^^anted to contain 0.2 per cent iodine, for periods ranging 
a 0 twelve and a half weeks. The dosage of thyroid ranged from 

Laboratorj’p University of Chicago, and the Laboratorj* of Experl- 
b, by th Medicine, University of Pittsburgh. 

^utnont Trust rJ* Stewart Memorial Fund, founded by contributions from the Louis 

**'^clve (3 ff.. ■ ' ~ -t^auby. Mrs. Frances "W. Lang, and Howard E. "Wise, 

publication. March 6. 1940. 
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0.5 6m. to 1.3 6m. per kilogram of body weight, administered daily togette 
with the regular food. The routine diet consisted of a mixture of boiled beef 
lung, white bread, and bone meal. 

Water intake and urine output were measured daily. Pulse rate and body 
weight were recorded at frequent intervals, and in four of the ammals obser- 
vations of the rectal temperature Avere made from time to time. In three dogs, 
one of which served as a control, observations of the basal metahohc rate ivere 
made as an indication of the degree of experimental hyperthyroidism that nas 


induced. . , 

Kunde= has demonstrated that thyroid feeding, in doses ® J™. , 

comparable Avith those of our experiments, induces a hypei ^ pcsentialh 

dogs. Our determinations of the basal metabolic rate Aveie 
aecm-ding to the method employed by Kunde. The dog. ■ 


aecormng to tne meiuuu empioj-cu — - - ■ \ « 

to lie quietly, were fasted for eighteen to t-n^ : 


to lie quieuy, were ra&Lcu rui. .... _ w-!? fitted 

preceded by a preliminary “rest” period. A specially devise apparatus 
to the animal and Avas connected Avith a Benedict-Rot i c ose o^serva- 

for determination of oxygen consumption. At the ,gljpus of the 

tion the rectal temperature and pulse rate Avere recorde . tj^roiighont 

basal metabolic rate were made approximately four times Aveekly 

the course of the experiment. termine abase 

After a sufficient number of observations Avere made ^ of the ; 
line for each factor, administration of thyroid Avas , jpption of the ' 

period of thyroid feeding the animals were sacrificed toi , output 

rate of liberation of epinephrine from the adrenals. . . g^j.enal vein ; 
was measured by the method of StCAvart and Rogo , o ^gterminiug the . 
blood at a knoAvn rate of floAv, via the “cava pocie , , , i jptestine scg- ^ 

epinephrine concentration in the blood by its action on , 
ments. Ether anesthesia Avas employed for the operatn e pr 

All the eninenhrine assavs Avere performed by the sam .„„,„„risonAutb 


All the epinephrine assays Av ere perioimeu ^ for compuris®" 

Epinephrine output Avas determined in eleven norma OeS fji),ese are 


npmepnrine output Avas ueieriuinc<-i ji* nditions. 

the experimental animals, under the same laboiatoij those in ■ 

included in Table I. The results obtained compare aji7 aa 
large series of animals reported by SteAvart and Rogo . thyr®’^'^^'^ 

Table II illustrates the results obtained in the hnals, the 

dogs. Definite loss in body AA'^eight was obserA'e in n that were su 

percentage loss having occurred in the two dogs (os. ’ jg^ge, the 


percentage loss having oecurreo in lue ^ ^ niivenience, tne 

jected to thyroid feeding for the longest periods. ^ . pt metahol'® i® ® 

given in the table for heart rate, rectal temperature, an ^-hyroid feed®?- 
are the averages for the control period and for t ® , figures fou 

It may appear from the averages that ® geem ’ 

Amtions before and during the period of thyroi ee » large eiion? 
HoAveA^er, the actual changes that occurred Aveie s,en 
leave no doubt about the genuineness of the results. ^ period of 1^1'®’ 
Thus, in dog 12, Avhile the average temperature period, actn^' 

feeding does not appear to differ from that duimg le j,jjjee(jfor dete 
it had reached 102.7° P. at the time that the animal a gradual “ 

nation of the epinephrine output from the adrena s. 


Epinephrine Output in Contbou Doos 
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101,(i 101.7 + 0.00013 

100.5 101.3 1.51 2.48 0 0.00013 

100.3 101.4 1.71 2.54 ++ 0.00010 
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was observed in heart rate in all the animals. Water intake and urine output 
Avere increased in four of the animals. The two dogs (Nos. 19, 25) in ivhkh 
observations of the basal metabolic rate Avere made shoAi^ed an aA'erage increase 
of 61 per cent and 49 per cent, respectively, during the period of tlijToid 
feeding. 

The rate of liberation of epinephrine from the adrenals, in the animals 
Avith experimental hyperthyroidism, Avas not significantly different from that 
of the control, normal dogs. It Avas Avell AAdthin the range of epinephrine out- 
put usually observed in normal animals Avhen measured directly by this method. 
In a small number of preliminary experiments on dogs, subjected to tlnioid 
feeding for shorter periods, one of us (J. M. R.) obtained similar results. 

In four eats, studied bj^ Mr. George N. StcAvart, prolonged thyroid feedin,, 
led to marked loss of Aveight in tAvo, moderate loss in one, and no loss * 
In all of the animals, at the end of the experimental period, he foun t e 
epinephrine output from the adrenals A’ery close to the average foi uoimu 
cats, as determined by the same method. 

Our experiments indicate that thyroid feeding does not cause a sigm cai^ 
change in the rate of liberation of epinephrine from the adrenals, CAein 
it produces a definite hyperthyroid .state in the experimental aiiima . 


DISCUSSION 


Recent experimental investigations support the concept o unc 
relationship betAveen various endocrine organs. This is especia 
cerning interdependence betAveen the anterior hypophysis an cer 
glands. Evidence in support of a hypothetical interrelations ip 
character betAveen tAvo glands is incomplete unless there is pioAUSion 
nance of a physiologic balance between the interrelated alone, 

of an interrelationship limited to mutual stimulation (oi 
Avithout a control mechanism to limit or preAmnt continued an me 
actmty (in either direction) of the related organs, appeals aetion 

In the case of thyroid-adrenal interrelationship, a mutual gj-tg this 

is believed to exist. The literature, largely clinical, hoAvever, is 

AueAV. The experimental evidence in support of this hypo es , jj^gasure 
susceptible to serious criticism : it is not quantitative ; at nonspecih*^ 

epinephrine in blood Avere made Avith inadequate methods , m outp"* 

reactions have been relied upon as indications of increasec epm 


from the adrenals. . , p^o,istrable ii'" 

In blood serum of individuals AAUth exophthalmic a'''' 

crease in epinephrine Avas reported by Kraus and Frieclent a , ^^^gg 

Broking and Trendelenberg® employing biological tes o ij reacti®"®' 

hand, Gottlieb," Avho tested plasma, Avas unable to obtain due to 

O’Connor® demonstrated that the positive reactions Aveie simil®’' 

velopment of substances in clotting blood Avhich gaAC lea 
epinephrine on the test objects. grror. Thu-'. 

Improper, interpretation of such reactions may lead without aik' 

Praenkel,® obviously haAdng employed rabbits’ uterus that •‘5®''®'' 

quate control observations, concluded from the reactions o 
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- from systemic blood of normal individuals contains approximately 1:400,000 
; epinephrine, and that corresponding serum from patients with Basedow’s dis- 

ease contains four to eight times this amount. Arithmetical calculation indi- 
' cates that he was misled by his tests. A concentration of 1 :400,000 in the 
serum of systemic blood would correspond to approximately 1 :2,000 in adrenal 
blood serum. Accordingly, in Basedow’s disease concentrations corresponding 
: to 1:500 to 1:250 adrenalin would be present in the adrenal vein blood serum, 
. which seems highly improbable if not indeed impossible. The epinephrine 
concentration, reported hy Fraenkel, for normal systemic blood is about 200 
or more times as great as that found by Rogoff and Marcus^ to be capable 
. of effecting liemodynamic and other, sometimes toxic, reactions. 

The tonus-increasing action on rabbit’s uterus (and intestine) or on a vas- 
cular preparation (frog perfusion method) has been shown by Stewart’® to be 
a serum effect, obtainable with unclotted blood, serum, or plasma. Epinephrine, 
however, produces inhibition of tone and contractions on rabbit’s intestine, and 
the opposite on the nonpregnant or virgin uterus. This fact, indeed, incor- 
porated in the method developed by Stewart and Rogoff, constitutes an im- 
portant advantage over any other method at present available for quantitative 

- assay of epinephrine in blood. It permits the elimination of artifacts produced 
y substances (or conditions) other than epinephrine, which yield epinephrine- 
ihe reactions on the intestine, uterus, vascular preparations, or denervated 
structures. 

li\ith sensitive test objects, Stewart’® was unable to detect epinephrine in 
systemic blood obtained from a case of Grave’s disease. Rogoff and Wasser- 
>^311 obtained negative results in tests for epinephrine on systemic blood from 
pa lents with hypertension. Rogoff and Goldblatt’^ were unable to detect the 

- thyroid hormone in blood obtained from the thyroid vein during 

thefr^^ for goiter; they employed the sensitive tadpole reaction in 


jj, attempts have been made to study the influence of thyroid ex- 

■ o/thr^’ on the epinephrine output from the adrenal glands. None 

tract.r*^ data. Ott and Scott’^ injected crude thyroid ex- 

the / ^^sted vena cava blood obtained through a catheter inserted through 
'nents ' Barro’"* performed crossed-circulation experi- 

i^itravenous injection of thyroxin Avas followed by determina- 
S sugar level. They concluded that a gradual augmentation 

V the th occurs, which is associated Avith hyperinsulinemia caused 

made * Quantitative measurements of epinephrine output Avere not 


iHyroid CA'idcnce that the acidosis induced in rabbits by 

V histol^ff' induced by hypersecretion of epinephrine. Results obtained 
tdied u *^''^''^*iiination of the adrenals, e.g., Herring,’® Cramer,’^ cannot be 
glands t'u iudication of the amount of epinephrine liberated by the 
indicate ®^servations on the epinephrine load of the glands, they can 
cate ^ ^ balance betAvecn production and liberation and do not indi- 

'“‘e output. 

obtained adrenal blood from the adrenal vtuns and 
picssor effects Avhen injected into the circulation of a test animal. 
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They found no significant difference between the effects of control specimens 
and specimens obtained after injection of thyroid extracts. Their experiments 
were the most direct but lack quantitative significance since they did not take 
account of possible changes in the rate of blood flow through the adrenals at 
the time of collection of the blood specimens. 

In experiments where the observations were made shortly after adminis- 
tration of thyroid extract or thyroxin, it may be pointed out that thjToid 
effects could hardly have been expected. Kunde’ demonstrated that changes 
in the basal metabolic rate do not occur until from seven to twelve hours after 
administration of thyroid. In our experiments thyroid feeding was continued 
for sufficiently long periods to cau.se definite thyroid reactions. Quantitative 
determinations of the rate of liberation of epinephrine from the adrenals were 
made with a method that has proved reliable over a period of many years. 

Epinephrine output in the hyperthyroid animals was not different from 
that in normal, control dogs. If epinephrine secretion from the adrenal glands 
is at all related to the phenomena associated with hyperthyroidism, it appMis 
more likely that under these conditions the sympathetic nervous system might 
become more sensitive to the action of epinephrine in the amounts 
liberated. This possilnlitj' is suggested by the observations of Asher and Tac 
and others, and by the Goetsch^® clinical test for hyperthyroidism. 


SUMMARY 

1. Experimental hyperthyroidism was produced in dogs by 
cated thyroid for periods ranging from three weeks to three months. 
end of these periods the animals were sacrificed for determination o 

of liberation of epinephrine from the adrenal glands. ^ ^renals 

2. Quantitative measurements of the epinephrine output fiom 
showed that there is no detectable change in the rate of liberation o 
vine. The output was within the same range as is found in norma , 
animals. 


REFERENCES 


1. Eppinger, H., Ealta, W., and Eudinger, C.: tiber die Wechselwirkungen der 


priisen 


innerer Sekretion, Ztschr. f. klin. Med. 66: 1, 1908. „„,ti,vroidisni, An- 

' - - Metabolism. VI. Experimental Hyperuijr 


2. Kunde, M. M.: Studies on 
Physiol. 82; 195, 1927. 


X 11^ aiui. AVUj ^ in 

3. Stewart, G. N., and EogofiE, J. M.; The Average Epinephrine Uutpuv 


Wirkung der Schilddriisenstoffe, 


Cats and 

Bert tlin- 


Nephritis 


Am. J. Physiol. 66: 235, 1923. 

4. Kraus, P., and Friedenthal, H.: Ueber die 

Wchnschr. 45: 1709, 1908. . . i.,n„;qeher 

5. Fraenkel, A.: Ueber den Gehalt des Blutes an Adrenalin bei c 

Morbus Basedowii, Arch. f. exper. Path. u. Pharmakol. ^ ’ ojjngehalt dfs ^ 

6. Broking, E., and Trendelenberg, P.: Adrenalinnachweis und A 

schlichen Blutes, Deutsche Arch. f. klin. Med. 103: 168, ly yj fggiie nied. 

7. Gottlieb, E. : Experimentelles zur Theorie des Morbus Basedomi, 

37: 2161, 1911. ,... nied. Wchnschr. 

8. O’Connor, J. M. Ueber Adrenalinbestimmung im Blute, Mun 

1439, 1911. ^ , . Tivnertension. An 

9. Eogoff, J. M., and Marcus, E.: Supposed Bole of the Adrenals .> 

perimental Investigation, .1. A. M. A. 110: 2127, 1938. pathologic® 

Stewart, G. N.: The Alleged Existence of Adrenalin pn) jn Blood- 

J. E.xper. Med. 15: 547, 1912; Testing for Epinephrin (Aure . 
parison of Plasma and Serum, Ibid. 16: 502, 1912. 

11. Eogoff, J. M., and Wasserman, P.: Unpublished data, 


10 . 


Cow 



BENSON-BOGERS : DLOOD SEDIMENTATION RATE IX HEALTHY GIRLS 987 


12. Rogoff, J. M., and Goldblatt, H.; Attempt to Detect Thyroid Secretion in Blood Ob- 

tained From the Glands of Individuals With Exophthalmic Goiter and Other Con- 
ditions Involving the Thyroid, J. Pharmacol. & Exper. Therap. 17: 473, 1921. 

13. OU, I., and Scott, J. C.; The Action of Glandular Extracts Upon the Amount of Epi- 

nephrine in the Blood, J. Pharmacol. & Exper. Therap, 3: 625, 1912. 

11. Zunz, E., and La Barre, J.: Action de la thyroxine sur I’adrenalino-secretion, Compt. 
rend. Soc. de biol. 110: 95, 1932. 

15. Kurirama, S.; The Influence of Thj'roid Feeding Upon Carbohydrate iletabolism. ITT . 

The Acidosis in Experimental Hyperthyroidism and Its Relation to Epinephrine in 
the Blood and the Decrease of Liver Glycogen, J. Biol. Chem. 33: 215, 1918. 

16. Herring, P. T.: The Effects of Thj’roideetomy and Thj'roid-Feeding Upon the Adrenalin 

Content of the Suprarenals, Quart. J. Exper. Physiol. 9: 391, 1916. 

17. Cramer, W.: Fever, Infections and the Thy roid-Ad renal Apparatus, Bnt. J. Exper. 

Path. 7; 95, 1926. 

18. Gley, E., and Qulnquaud, A.: Contribution a I'etude des interrelations humorales. I. 

Action de 1 ’extrait thyroidien et en general des extraits d'organes sur la secretion 
surrenale, Arch, internal, de physiol. 14: 152, 1914. 

19. -\sher, L., and Flack, if.: Die innere Sekretion der Schilddmse und die Bildung des 

inneren Sekretos unter deru Einfluss von Nervenreizung, Ztschr. f. Biol. 55; 83, 
1910. 

-0, Goetsch, E.: '’Epinephrin Hj'persensitiveness Test” in the Diagnosis of Hvperthvroid- 
ism, Pennsylvania if. J. 23: 431, 3920. 


the blood sedimentation rate in healthy girls* 


Louis Benson, M.D., and Edward J, Rogers, M.D. 
PiTTSFORD, Vt. 


2 * the fundamental studies of Fahraeus in 1917, the erythrocyte sedi- 
i^entation test has become a very commonly used tool of the physician.' 

6 the many po.ssibilitics of error in execution and interpretation, its 
•^otiiparative value has not diminished. 

sctliinentation rates have been described in patients suffering 
tion chronic infections, malignancy, endocrine disturbances, infarc- 

j ' Pregnancy and meteorologic conditions seem to cause an 

‘'■^ioeity of sedimentation.^ On the other hand, simple catarrhal 
c/A... functional disorders, focal infections, and skin diseases do not 

influence this test. 

published have been concerned with the variations of the 
™ I'ealth '■‘■'I® in disease. The references listing physiologic changes 

iLince ■ ' small variation between the two sexes, and an insignificant 

'■'mfd '■^'n^nt study of the rate in healthy young people dis- 

iWtnin in iiii-O nim. in 95 per cent of the cases, with a mean of 

'•i ton," intty-fivc minutes. When plotted, a shew curve resulted, with the 
"1 ^ni'ty-five minutes as the upper limit in 80 per cent of all the 
in tD. ? n.stci'gren pipette and the potassium oxalate method was used 

particular study. 

inniii] examination of healthy men and women, weekly changes were 

■ a Ways witliin normal limits.^ 

^ n'^rartment of Medicine and Preventive Medicine, Unlver.sity of Vermont, Col- 

a tor publication, March 5. Iflto. 
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Normal limits for the blood sedimentation rate by the "Westergren method 
are 1.0 to 3.0 mm. per hour for men, and 4.0 to 7.0 mm. per hour for ivomen. 
The Cutler method assumes 2.0 to 10.0 mm. per hour as the average for women 
in health.^’ “ 

In a further attempt to obtain more accurate data concerning the Wood 
sedimentation rates in healthy people, a total of 360 presumably healthy girls 
were studied with this idea in mind. 


Table I 

Blood Sedimentation Bates op 327 Healthy Girls 



METHODS 


Inasmuch as it has been shoAvn that the erythrocyte sednnen Q,,tler, 
reasonably the same by the methods of Linzenmeier, Westergicn, 
the latter method, being available, was used.'' _ citrate as the 

The 5 c.c. graduated tube was used, with 3 per cent ],loods 

anticoagulant. Necessary corrections were made for anemia. ^g,, forme'' 

were withdrawn between 10:00 and 11:00 a.m., and the tests ve 


the same morning. gf agc. 

All the young women studied were between 10 and plivsieel 

and were born in the state of Vermont. Each girl was given t jg^jg for 

and laboratory examinations, which included routinely, serial rctah'’* 
syphilis and undulant fever, tuberculin test, chest x-ray fihn increasf'l 

when indicated, and blood morphology examinations in a ca 
sedimentation rates. . i„fectioii'' 

A definite attempt was made to rule out any hidden ehi rJicuii''’*'*’ 

sj^philis, tuberculosis, undulant fever, localized aft"’' 

fevmr. All these girls were followed for at least fom 
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(ieterminatioii of the original sedimentation rate to limit the possibility of any 
disease process appearing subsequently that may have been present at the time 
r of the original examination. 

No sedimentation rate was determined during a period of common cold, 
.. two days before or following menses, or when it was thought periphei’al 
, dental infection or tonsillitis might be present, despite previous statements that 
no appreciable elevation in rate is present in these conditions.® 

RESULTS 

; There are included in this report the blood sedimentation rates of 327 pre- 
- sumably healthy girls. All these girls were known not to have been ill at any 
. time within four months after the blood was withdrawn for the original test. 

. As can he seen from Table I, 92 per eent of these girls had sedimentation 
' rates between the limits of 2 mm. and 13 mm. per hour, whereas the rates of 
, 8 per cent of the girls ranged from 14 mm. to 25 mm. per hour. The median 
^ fell at 7 mm. per hour. 

CONCLUSION 

Normal variations of any test must be ascertained before such a test can 
I le relied upon for diagnosis. 

, This study suggests that in young women the blood sedimentation rate is 
' 'ariable, and that about 10 per cent of healthy y'oung women may have sedi- 
I ®entation rates of greater velocity than the average arbitrary range. 

I The diagnostic value, therefore, of the erythrocyte sedimentation rate must 
, “SuMcd by these normal variations. 
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CLINICAL CHEMISTRY 


STUDIES IN DYSTROPHIA S'lYOTONIOA* 


V. Creatine and Creatinine ExcRETioxt 


Robert C. Lewis, Jr., Ph.D., Abe Ravin, ]\I.D., and Kobekt C. Lewis, Ph.B. 

Denver, Colo. 


A 


N ABNORMALITY in the metabolism of creatine and creatinine has been 
reported in several of the primaiy myopathies, as well as in certain con i 
tions ivhieh secondarily affect the skeletal muscles. This abnormalitj' may 
manifested in several ways; (1) The creatine content of the muscles ma) J 
subnormal. (2) The ability to retain ingested creatine may be 
(3) Even on a creatine-free diet there commonly occurs a creatinuna w 
according to Milhorat and Wolff,®’ is an expression of the ' 

properly functioning muscle rather than of the amount of musc e 
actually degenerated. (4) The excretion of- creatine may be 
when glycine is administered orally. (5) If there are extensive j^^sele 

and degeneration, creatinine excretion, which is dependent ° to a 

mass, may be considerably below normal. All these symptoms are o s 
marked degree in progressive muscular dystrophy. Outpatie“* 

The recent discovery at the Colorado General Hospital different 

Clinic of a number of patients with dystrophia myotonica 
familiesi has given an unusual opportunity for studies of thm 
which is apparently not so rare as is commonly believed (cf. even 
Textbook of Medicine^*). In the course of these studies p^tignls and 
investigate the excretion of creatine and creatinine in some o ^jggase and a' 
to compare the findings with those in previous reports of t is 
progressive muscular dystrophy. . . ^ystropUa 

The literature on the metabolism of creatine and Q]jsen'atiaa5 

myotonica is summarized in Table I. From this table the ^ o ° jn rest- 
maj’- be made; (1) According to one investigator^® creatine p ^ subnormal- 
ing muscles is below normal and its breakdown during is 

(2) Creatine tolerance is decreased in some cases. (3) ^ 


to moderate in degi’ee and may or may not be augm 


ented by glyci"'^ 


♦From the Departments of Medicine and 
Medicine and Hospitals, Denver. 


Biochemistry. University of 


Coiorado 


school < 


thc-V’ 


tone" .f^’^iorado 1” 

tThe results given in this paper for rauenis j. lu- “*■“ - Univeysni' A 1937 . AfS 

presented by Robert C. Lewis, Jr., to the Graduate Schoo gcience, AbflioftheAWA 
partial fulflllment of the requirements for the degr^ at the meo*'”® 

liminarj- report of the work on patients J. M. and N. P. "ns m 
Association for the Advancement of Science at Denver, Jun , 


Received for publication, May 6, 1940. 


made. 


tA patient from a sixth family has been admitted to the 


hospital since these 


studies 


990 



JIYOTONICA 


991 



♦During control pcnod. 

tMilllgranis of creatinine per kilogram per 24 hours. 
tPer cent of creatine retained. 

gValues taken from graph of a representative case. 

IlCreatInine excretion of patient who excreted largest amounts of creatine. 
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Table II 

ExctvEtiok of Creatine and Cbeattnixe by Three Patients IYith Dystrophia Myoionrt 


TA- 

TIEKT 





GLYOINE 

FED 

(fiM./ 

DAY”) 

NUM- 
BER OF 

TOTAIi 

PREFOUMED 

PEni01> 

DAYS 

URINE 

SPECI- 

CREATININE 

(fiM./DAY) 

CREATININE 

(gm./day) 






MENS 




4/21 

to 

4/2S 

s 

mEM 

3 

1.02 

0.91 


4/2S) 

1o 

5/ 2 

4 


3 

1.05 

0,92 


3/ 

to 

5/ 5 

3 

lO.S 

2 

1.11 

0.9.3 


3/ () 

to 

5/lG 

11 

30.0 

o 

1.39 



5/17 

to 

s /20 

4 

15,0 

2 

1.12 


.1. M. 

5/21 

to 

8/ 5 

70 

30.0 

27 

1.35 



8/ G 

to 

12/10 

133 

30.0 

0 


0.90 


12/17 

to 

12/19 

3 

30.0 

o 

o 

1.21 


12/20 

to 

1/11 

23 

None 

0 


0.98 


1/12 

to 

1/15 

4 

None 

o 

1.14 


G/17 

to 

7/22 


None 

wmm 

i.ns 

1.03 


7/2.1 

to 

7/27 

5 

15 

Kl 

1.07 

mffm 


7/2S 

to 

8/ 5 

9 

30 


1.15 


N. P. 

■S/ 0 

to 

S/21 

10 

30 

0 




S/22 

to 

12/23 

120 

10-30 

0 




12/2G 

to 

1/ 9 

13 

30 

0 




1/10 

to 

1/13 

4 

30 

3 

1.20 

3.17 


l/U 

to 

1/27 

14 

None 

14 

1.15 

1.05 


1/10 

to 

2/ 1 

14 

None 

5 

1.09 

1.03 


2/ 

to 

2/25 


10-30 - 

0 

1.15 

1.10 


2/2G 

to 

3/23 

20 

15-30 

211 

1.2S 

1.23 






(ante- 

rior 

pitui- 

tary 

extract 

also 




n. B. 





given?) 





3/24 

to 

4/ 7 

15 

None 

0 


' 1.21 


4/ 0 

to 

4/24 

10 

15-30 

311 

1 22 






(testo- 

.ster- 









one pro- 
pionate 
also 
give nil) 





CREATINE' 

(CM./ 

bay) 


(I.Ki 

0.15 

0.21 

0.44 

0.31 

0.42 

0.36 


0.10 

0.06 

O.Ofl 

o.or 


0.11 

0.11 


0.07 

0.05 

0.05 


0.01 


rtu- 

TINISE 

cfiTrfi- 

flEST 


14.0 

lU 

IW 


H.S 


1.1.0 

14.0 


•Milligrams of creatinine per kilogram per 21 hours. 
tBasecl on weight of patient on Jan. S. 

tValues the same in miOcHe of period as at end of period. -nictereO i" 

§A total of 20 c.c. of anterior pituitarj’^ extract (Squibb) was adini 
tions (three times a week). 

11 Specimens collected at end of period. . 

HA total of 13o mg. of oretan was administered in twelve injections. 


twelve 


mudi 


tration. According to Jlilliorat and the excretion of jimiliir 

less than in patients ivith progi-essive muscular dystrophj 
degrees of muscular disability. (4) Creatinine excretion is laim ) } 


(T Il-i 

oneivomanh'— 


EXPERIMENTAL 

The excretion of creatine and ci’eatinine was studied m feniali’! ' 
and two men (N. P. and R. B.) tvith dystrophia myotonica. • ■ ^ of 

44 years, liad severe myotonia in tlie hand grasps, anti mo altlio"?'' 

forearms, hands, and lower extremities. She was still mens ^ 
somewhat irregularly. Her basal metabolic rate u’as minus 1 ■ jiands. an'- 
52 years, had slight myotonia, marked atrophy of the foieain 
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moderate atrojiliy of the lower extremities, 1ml no evidence of tcsticnlnr atrophy. 
His basal metabolic rate was minus 20. R. B., male, aijjed 27 years, had moderate 
mjotonia, moderate atrophy of tlie forearm.s and hands and slight atrophy of 
'the lower extremities. His testicles were small and questionably atrophic His 
cbasal metabolic rate was minus 30. A more detailed description of these patients 
-may be found in an earlier paper.®* 

Determinations of ereatinc and creatinine in twenty-four-hour urines (7 ;00 
A.ji. to T;00 A.M.) were made during a pi*cglyeine period, during glycine admiu- 
■istration, and after discontinuing glycine. The amino acid was administered by 
mouth three times daily after meals in amounts as high as 30 Om. per day. No 
^attempt was made in any case to control the diet. 

Preformed creatinine was determined by the Poliii colorimetric method’’ 
iUsingaDuboseq colorimeter and matching through a piece of cobalt glass. Total 
’ercatininc was determined by the same method after tlio urine had been auto- 
claved with picric acid according to the method of FoUii.“ Creatine was cal- 
culated by multiplying the difference in the above determinations bv the factor 
. 1 . 159 . 

Average values for the different experimental periods on tlie.se tlivee patients 
'are shown in Table II. 

The woman patient, J. AI., showed a creatinuria which was significantly 
'g cr than the average daily excretion of the normal women studied by Rose.®' 
^ patient creatine excretion inci'eased definitely during glycine administra- 
'on, the increase was prompt and the excretion remained liigh as long as glycine 
ed, a period of eight months. The amount of creatine in the urine dc- 
fipparently on the amount of glycine fed, for it increased progressively 
j’ 1C dosage of glycine was raised and fell when the dosage of glycine was 
"'ere , Tliree weeks after cessation of glycine administration the creatinuria 
' Returned almost to the preglycine level. 

uj of the men patients showed a slight initial creatinuria. Tlie amounts 
^ 'litliT-'"' approximately the same as those reported in patients 

ias mJt n'yotoniea by most other investigators, but these values are not 

' '«• Ir'll reported for normal men by Taylor and Chew®'' and 

Cfcalin Wolff.'^ In neither man was there any immediate effect on 
‘ ’"y 1 glycine was fed; in patient R. B. tliere was no effect at 
- m ’ gfler glycine had been fed to patient N. P. for five and one- 

I'crJav, 'n '^yciot'nnria bad increased from the preglyeine level of 0.06 Rm. 

' ''■'■‘'atioii ° V "'ceks after 

k'ncli(t]° feeding. Such a small inerement in creatine excretion may 

''I'i'r prod since Bracstrupa found tliat 14 Gm. of glycine 

in tlir'^*^*^ ** excretion of 0.080 Gm., 0.094 Gm., and 0.100 Gni. per 

' '‘™il I!rr'^° ’''’*™nl men who bad shown no initial creatinuria. On the other 
* "'"n.'atarv-n'^* found that glycmo produced no ereatiiuiria in another normal 
' fcatine ' Wolff" repoi-tcd that glycine feeding did not increase 

■ to of normal men who showed a preglyeine ereatiiuiria com- 

'■ ''tiiiniy i "' ”1”^ f"'o roen patients. These reports were all concerned with 

t periods of glycine feeding; no reports were found that sliowed 


994 


THE JOURNAL OF LABORATORY AND CLINICAL ilEDICIXE 


the effect on creatine excretion of administering glj'cine to normal men for such 
a prolonged period and in sneh large amounts as in our experiments. 

Patient R. B., whose ereatinuria was not augmented by glycine alone, kl 
no greater excretion of creatine when anterior pituitary extract or testosterone , 
propionate* was administered simultaneously with glycine. These results dife ^ 
from those of Slauek^^ in a patient with dystrophia myotoniea but are in accord 
with those of Milhorat and WolfP- in patients with myasthenia p-ads. Slaiick ■;= 
found that his patient, who showed no increase of creatine excretion in response 
to glycine alone, had a markedly increased ereatinuria when testicular extract •_ 
was administered simultaneously ndth glycine. Milhorat and Wolff reportc _ 
that the administration of anterior pituitary extract to two patients mU - 
myasthenia graxds had no effect on creatine excretion. It is interesting to o 
serve that Pizzolato and Bear’d*' have reported an increase in the creatine con ^ 
tent of muscle and in the excretion of creatine when anterior pituitarj ex rac 
is administered to normal rats, and also an increase in the creatine con en o ^ 
muscle when testicular extract is given. ' 

Creatinine excretion in all three patients fluctuated considerablj . 

the experiments and xvas not significantly affected by glycine a^ w’s . 

Part of the variation may be ascribed to changes in diet from aj o . 

creatinine coefficient was xvithin the normal range in tvo of tie P®’ 
w’as low’ in patient N. P., w’ho shoxved the greatest degree of muse e a . . 

SU5BIARY AND CONCLUSIONS _ 

1. The excretion of creatine and creatinine and the effect •’ 

tration thereon ivere studied in three patients, one woman an 
dystrophia myotoniea. _ period, - 

2. ereatinuria w'as present in all three patients during tk 

The amounts of creatine excreted by the w’oman were limits- = 

amounts excreted by the tw'o men w’ere small and probablj win 

3. Glycine administration produced an increase in the jnerea-w’ • 

excreted bj’' the w’oman and by one of the men. In the woman a develop ■. 

occurred promptly; in the man the rather slight increase was ^ jijeiie. 

and of questionable significance. Neither the administiation lestoster®”*^ -i 
of glj’cine and anterior pituitary extract, nor of g J cine 
pi’opionate affected the excretion of creatine in the othei man ^ , , 

4. The excretion of creatinine xvas subnormal in the pati^ pj. ■ 

the gi’eatest degree of muscle atrophy but was norma jn anr o* ■ 

tients. It xvas not significantly affected b}’ glycine a mnu 

the three patients. _ . definite w”' 

5. Although the data obtained are in.sufficient foi ^ inw jjjat tk 

elusions, they seem to augment the evidence from pi ox ,^pjjja myofon^ , 

slight to moderate ereatinuria xvhich may be obsei’x’c m , progr<^f ‘ 

is neither as constant nor as strildng a finding ° • :„tj.ation of 

muscular dystrophy, and is less strongly affected bj a 

than in the latter disease. pr. M'* 

. - throup)i 

•The testosterone propionate (oretan) was furnis le 
Gilbert of Sherin? Corporation. 
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BIOCHEMICAL STUDIES OF THE BLOOD OF DOGS WITH 
N-PROPYL DISULFIDE ANEMIA- 


Harold H. Williajis, Ph.D., Betty Nims Ericksox, M.S., 
Eliot F. Beach, Ph.D., and Icie G. jMacy, Ph.D., Detroit, ^Iich. 


W iTH THE Assistance of 

Ira Avrin, JI.S., jMarion Shepherd, A.B., Helen Souders, JI.S., 
D. ]\Iaxwell Teague, B.S., and Olive Hoffman, Ph.D. 


P REVIOLfS studies by this laboratory of pernicious anemia' aiultheliemojfE' 
and bypocbromic anemias of childhood- have shown that ehemieal diaiijS 
occur in the blood which are indicative of abnormal erythrocyte composition 
sti'ucture. Further study and elucidation of the chemical strucfiue of t le no^^ 
mal erythrocyte has been made possible by the development of a metlioc 
preparation of posthemolytic residue or stroma practically free of lemOr 
Chemical studies of this material have i*evealecl that the stroma o t le 
erythrocyte is a protein-lipid complex of similar composition 
maliau species.'*’ IHoreover, it has been demonstrated that the lipii ‘ ’’’ 
iu the po.sthemolytic residue is similar to that in the intact erytluocjte. 

In view of the indications of abnormal er^dhrocyte 


anemias 


, it seemed desirable to secure sufficient stroma for a comp e e 


investigation of its character, together with hematologic and p,iti£iiit> 

tions on the intact erythrocyte. At present enough blood from jp 

with anemias for preparation of sufficient stroma is practical \ puininh'' 

secure. It is possible, hoAvever, to develop an experimental ,]i,,ad- 

a procedure ■which offers the advantages of more rigid contiol, 
vantages iu that the particular types of anemia occuiTing amenable ^ 

present the most striking changes in erythrocyte structure'’ aie i ^fliicii 

experimental development. Simple hypochromic anemia (iron ( e 
results in impaired hemoglobin formation, does not appear to a b.v 

design of the erythrocyte.- Hemolytic anemias, which aie ace ji, 

definite altei’ations in the hematologic pattern of the blood, aiieniia 

animals bj- certain drugs causing red blood cell destruction. ^ 
offers an excellent opportunity for correlated hematologic, chcnn p|.,.(],i-ocyf<^ 
sHidies wbieb are important in view of the mai’ked ; 

composition found in the congenital hemolytic anemias of chi c i jpminia b* 
Sebrell*’ originally observed that onions would produce a resitlcil R' 

dogs. Ginhzit-’ ® confirmed this and showed further that t le » ‘ 

•From the Re.=e.iich Loboraton' of tlie ChiUlren’s Fund of “"g Nlnety;S‘*!’yj"',^Vi 

A preliminary report of tlii.s investigation wa.s V*c;^ietv, yiil"''"'*"^*^’ 

of the Divi.oion of XleOicinal Chemistry of the American Chemic. 

S to 9, 1938. 

Receiveil for publication, June 3. 1940. 


990 


WILLIAMS LT AL. : I)0(JS WITH X-PROPYL DISPLI’IDi: AXKMIV 


997 


the onion oil, probably due to tlie allyl propyl disiilfide, tlie inaiii cunstituent of 
onion oil. In a study of different disulfide compounds fTnilizit" demonstrated 
that X-propyl disulfide produced a severe anemia in dogs and tliat any desired 
decree of anemia can be maintained for a long period of time, depending on the 
reinilar administration of definite amounts of the di-snlfide, a significant factor in 
studying the influence of anemia on ci-ythrocyte structure. 

Grulizit^ has described the changes in the hematologic picture induced by 
this type of anemia, but thus far no cliemical observations have been reported. 
Furthennore, tlie possibility of using N-propj'l disulfide to control pol.vc.vthemia 
in human beings” points to the necessity of studying not only the hematologic and 
chemical changes occurring in the blood but also the pathologic changes in the 
tissues as well. Tliis report includes, therefore, detailed chemical and hematologic 
examniatioiis of the blood and pathologic observations of certain tissues, in addi- 
tion to the effect of anemia on the composition of erythroc.vte stroma. 


EXPERIMENTAL 

Two originally healthy dogs were maintained in a moderate-to-severe degree 
Ilf ‘'inomia for a period of over three months by tlie administration of X-propyl 
disiilfide (CIIaCII.CILS-S CH^CIIoCHa).'^ Previous to beginning the study, the 
animals were imrauiiizcd with L*. hrouchisepticus A'aecine. The dogs were fed a 
complete, nutritive diet and given the disulfide in gelatin capsules at inteiwals 
and dosages, as indicated in Chart 1. Hematologic examinations consisting of 
leinoglobiu determinations, red blood cell and white blood cell counts were made 
® intervals during tlie course of the experiment. These values, plotted in Chart 
i fiiow the degree and maintenance of the anemias as tlie study progressed. 

‘ limp es of blood (60 e.c.) for chemical analysis were taken at the beginning of 
m esperiingm before disulfide was administered, freijiiently in the first niontli 
i^ing the period of adjustment, and at the end of the study, as indicated in 
^ ^^l^i’ininations of red blood cell count, hemoglobin content, hematocrit 
from' diameter, specific gravity, and water content were made, 

Were '''olume, weight, thickness, area, hemoglobin, and water 

inr»^ ^iilciilated, Tlie chemical determinations on the blood included the follow- 
and inorganic phosphorus, total protein of the plasma; 
*‘piil ^*^d chloride content of serum and cells and the complete 

same ^ of the plasma and eiythrocytes. The methods used were the 

as tlinse in previous studies reported from this laboratory.’®- “ 




lust preceding coinpletiou of the 


experiment, x-rayst of the skull, spine, and 


made. When the experiment was terminated, the dogs 
'lader light ether anesthe.sia and tlie blood was used for the 

ami ,i erythrocyte stroma.^ Tissues Avere preserved for histopathologic 

. i^emical study. 

E. A*^Sh'irn'^\t’T-J^® pos.<8lble through the courtesy and facilities of Parke, Davis & Co.. 

’ hvn c.i\.! V rv *“S(licaI director, suggested the use of X-propyl di-sulflde to produce 

of ih« IT Rusgestion«i during the course of the investigation, L. T. Clark, 
ir. Gnii?»i» laboratories, made the animals available and the Investigation 

on thf. VI • pathologist, prepared ihe anemic animals, made the hematologic 

^Ui>n of ihf> ^ook the blood and tissue samples, and gave helpful advice m the 

I! ♦ThP , ‘ manuscript. 


^<lrolt 


-■■ere taken and read by Lawience Rejnolds, M.D., roentgenologl.et. Harper 
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■\\’AiK/;, Pnorj:iN', axd IkfiNniiALS itt Ilr^oD of’ Doos With Disuli'ide Axcmia 



After .1 months I 3.5 | 4.7 I - I fi .5 I l-4{5 15 | 93 |937 ! 115 | 19 | 28 173-^ ' | 104 

•Four Oetenninations on 3 healthy dops. 
tAverage of 1 samples. 
tAverage of 5 samples. 
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RESULTS 


The clinical blood picture during the course of the anemia is given in Cliart 1 
and demonstrates the marked anemia producing powers of N-propyl disulfide 
and, furthermore, shows the closely parallel responses of the two dogs to tie 
drug. Table I presents the hematologic observations ou tlie blood samples tabu 
for chemical analysis. Before administration of the disulfide the two dogs liad 
blood counts of 6.5 and 7.1 millions per cubic millimeter, respectively. During tlif 
fir-st month of the study these values ranged between 1.7 and 4.6 millions, after 
which the level approximated 3.5 millions for both animals until the termination 



Chart 1. 

of the experiment. Specific gravdty, water, and protein p]jit tlie 

shoAved no change as a result of the anemia (Table II), which md ' a 

blood concentration Avas unatl'ected. All corpniscular gO r.p i" 

larger and heavier cell in the anemic state. The cell volume ton- 

the animals before anemia Avas induced, but AA'ith tlie progress o g,„.pusrul!i'' 

dition the cell A’olume increased to 90 c.p. or oA'er. Liken Ba jud-fasrii h' 
u’eight AA’as 90 micromierogram.s or ]e.ss in the nonanemic blooc s. qjjj,j].|rly. th’ 
a AA'eight of 98 mieromierograms or more in the anemic AvlmreO' 

cell diameter and the calculated cell area AA-ere increased AA-itli t parted 

the computed number of cells per gram of cells AA-as decreasec . 
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\\ic iiK'VCiiscd woi^rlit injiy liuvc boon duo to a lavger (iiiotu of Iiemoglcjbiii per cell, 
it is aa-diinted fov eliiofly hy on aiijsnicnted Avater content. Wiieveas the eor- 
juiscular water of tlie uornnii dog evythvoeytcs averaged 55 inieromierogniiiis, it 
rose as high as Th inierouiierogi’ams during the anemia, changes accompanied 
ste shown by a correspoiicling decrease in specific gravity. These alterations 
indicate that the cells underwent osmotic swelUng, which is in accord with 
iheir increased iragility in hypotonic sodium chloride solutions. Hoinolysis wa.s 
cviflcnl in 0.62 per cent sodium eliloridc (the highest concentration used) in 
cowpavisou with normal values of 0.50 lo 0.54 per cent given i>y Iladcn.'- 
The sodiuun potassium, and chloride dishubutiou of the blood .serum and 
cclN, together with the serum calcium and inorganie phosphorus values, are given 
in Table II. The plasma mineral constituents, except the chloride, appear to be 
nuatVeetecl by the induction of the anemia. The chloride content of botli the 
seriiui and eiythrocytes was consistently lower after tliree months of anemia. 
Serum chloride was above 100 me(j. per liter in the animals without anemia, while 
at the end of the study it was 9G meq. or less. Similarly, the chloride content of 
the erj'throeytos was reduced marUcdly, from above 50 mcq. in the animals wiien 
uouancuuc to below 30 meq. after three months* duration of the anemia. 


Tabi.e III 

PlSTmUUTlOS’ OF MiSF.UALS in tVATRR OP Pl.ASMA AKp ERlTIinOCYTRS 
(Sfeq. per liter of wnter) 


l*UVS.MA 

LOVrUROlUTES 

SODIUM 

POTAS- 

SWM 

TOTAL 

P.LSf; 

CULO- 

ajPF/ 

SODIUit 

rOT.^s- 

SIVM 

TOTAL 

OA.SB 

OilLO- 

lUDi; 

157 

9 

105 

117 

1G4 

10 

174 

73 

152 



IIG 

151 



72 

157 

16 

17.1 

121 

157 

w 

147 


159 

G 

lOo 

102 

144 

29 

17u 

34 

155 

0 

104 

112 

1152 

34 

ion 

SO 

155 

5 

Uin 

100 

I.IO 

27 

isr. 

3S 


•Voriiiiil:* 

340! 

hfoexpenniental 
\\alui\ first montUt 
Afrcr .*? months 

]4S: 

inUn'n first moiithi 
— Attgr Z monlUa 


f-UeraKo or 4 samples. ‘ ’ 

nUerapc of 5 samples. 

ffir-’T ''"'’‘h'lges of expressing the er.vthroc.vtc composition in terms of an 
ifi tile ^^^’pnscle rather than on the unit weight basis has been demonstrated 
study, calculation of the corpuscular mineral eoneen- 
hn/iia further the lowered chloride content of the erythrocyte at the 

t^xperiuient (Table 11). In addition, there is evidence of an 
%'ireii( and potassium) content per cell which is not particularly 

^'^tUies cxjn’e.sscd in milliequivalcnts per liter of eiytiiroeytes. 
•■fftoi- ‘Jog'S had 72 and SS x lO'*’’ lueq. of .sodium jier ce(/, u'lierca.s 

anemic .state, there 'wevc 99 and 104 x luoq. of 
comparison with normal values of 91 to 96 x lO'’-* mcq, 
Ifj'ij ’ h^^^assium was elevated after duration of the anemia to 17 and 20 x 
‘9- of potassium in coiUi'ast to a normal value of 3 to 6 x meq. per 
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Tiq 

Ujstkibutkw op lJL0i)iiljpi:5;r:'' 



RED 

PLASMA (MG./lOO C.C.) | 

n.ni'vv . 


BLOOD 









: 

DOG 

COUNT 

(mil- 

lions/ 

C.MM.) 

TOTAL 

NEU- 

FREE 

cno- 

CIIOLES- 

PHOSPHOLIPID 

TOTAL 

KIT- 

VM- 


LIPID 

FAT 

les- 

1 TEROL 

ESTEnS 

TOTAL 

CEPHA- 

. LIN 

cnO' 

line} 

LIPD 

TiT 

Normal :* 









615 

; 

Average 

0.4 

632 

337 

31 

156 

308 

82 

22C 

Range 

5.S-7.3 

5S3-CS0 

130-148 

19-43 

144-174 

268-357 

44-153 

204-245 

44S-C0D 

Ol.i-i- 

146; 

1 








727 

iS ■, 

Pre-experi- 

mental 

After indue- 

! 6.5 

1 

1 

1 

566 

09 

37 

174 

286 

1 

69 




t i 0 n of 



1 



1 





anemia : 

*> 










Within first 


i 


1 



1 




month : 
Average t 

3.4 

565 

150 

1 

41 1 

154 

221 

49 

21-72 

372 

338-205 

330 

1035 

187-14(1' 

]■ 
21 if 

Range 

2.0-4.6 

4SS-674 

82-203 

38-43 

1.32-194 

171-277 

793 

151) 

After 3 

3.2 

412 

173 

33 

70 

130 

0 

months 

1 


1 








148: 

Pre-experi- 

7.1 

446 

22 

35 

119 

270 

308 

102 

934 

3(i 1- 

mental 

After indue- 




1 







t i 0 n of 
anemia : 











Within first 





1 






month : 
Average t 

3.0 

576 

143 

40 

148 

244 

143-338 

69 

40-304 

175 

103-200 

353 

931 

CS2-14ft 

1S2 j 
; 04i: 

Range 

1.7-4.2 

439-739 

70-183 

31-59 

115-211 

8S1 

313 i 

After 3 
months 

3.5 

419 

161 

28 

77 

153 

u 

— — - 



*Five determinations on 3 liealth}’ dogs. 
tAverage of 4 samples. 
tAverage of 5 samples. 

§Lecithin plus sphingomyelin. . 

“Represents the concentration of an average single red hlood ce 


cell. The elevated corpuscular base, together with the 


ail excess cation content or the presence of increased amounts of an ■ 

anion, alterations which are similar to those noted in vaiions tjl 


anemias. *' 


The anemia was accompanied by changes in the erythiocjtes 


iiidicath 


i-e of 




osmotic swelling. Calculation of the mineral composition on t.-*- ^ 
equivalents per liter of cellular and plasma water (Table III) ^ ,i:dribut«^ 

the sodium is almost evenl3<1'«': 


that normally, as well as in the anemia, . ^j. 

between the water of plasma and cells. Normally, the potassi ; 

. . _ - _ . _ . * 'A inol*G COI 


equallj'' partitioned, but as the anemia pi’ogre.sses it becomes nioie^^^ ^vater®^ 


the cells. On the other hand, although the chloride is ^vIliel' is’" 


both plasma and cells, it is mox’e mai'kedlj' diminished in the ^ 
agi’eement with the swelling of the cell and its increased fia^’ ’ I 


^ • JOO c.c*)* 

The lipid composition of the plasma and erjdhrocjdes gg])), iiU' 

gether with the calculated corpuscular concentration (mg. x j,jfore 

given in Table IV. The total lipid content of the plasma o 
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lipids of tlie two dogs — lowered pliospliolipid and cholesterol esters and inciea^d 
neutral fat — are typical of the changes found in the plasma lipids of diffcront 
types of anemias in man and animalsd’ “ 

A study of erythi'ocyte lipids (on the basis of iiiilligrams per 100 c.c. of 
cells) indicates that although the total lipid concentrations in the two animals 
varied vddely during the first month of the anemia, the values at the end of tlie 
experiment appear comparable to tliose obtained before N-prop.vl disulfide ms 
given. ' The neutral fat concentration shows the widest variation of any of tlie 
lipid components, but without relation to the anemia. Free eliole.sterol seeras b 
have been increased, and tlie total phospholipid appears to have undergone no 
consistent change as the re.snlt of the anemia. 

Due to the changing size and weight of the red blood cells in anemia, how- 
ever, determinations on the unit weight basis may obscure what is actuall) « 
curring in the individual corpuscle. Calculation of the composition of the in 
dividual cell, therefore, gives a truer pietime of the chemical changes in stinctuu, 
Avell illustrated by the present studjL Both dogs exliibited ap increased eoipikM 
lar concentration of total lipid not evident from the data on total lipid P'?’' 
c.c. of erythrocytes. Neutral fat data show no change attributable to the ^ 
The increase in free cholesterol is brought out more strikingly in the 
concentration. The animals which received no disulfide had a 
mg. X 10'^- per cell, and the' experimental dog’s had values of 50 anc x 
before administration of the drug. At the end of the three niont is o a 
there was an inei'ease to 151 and 145 mg. x lO"’- per cell, respective!} . ^ 

The rise in cholesterol ester content of the corpuscle, noted 
studies of anemia,’’® was ob.served in dog 146; the cholesterol ^ yjjg 
from 17 X 10'’® mg. per cell to 121 x.lO*’® mg. at the end of the 
other experimental animal (dog 148) showed little or no change in 
lar content of cholesterol esters. l^gd, 

The concentration of the corpuscular phospholipid was pf dells, 

dogs as a result of the anemia, in contra.st to the observations pei 
The average concentration of iiliospholipid per single cell ivas 2 o ^ yGand 
the untreated animals and 293 and 298 x 10"'® mg., respecthelj, or 
148 before admini.stration of the disulfide. -treinely 

During the first mouth of anemia the total phospholipid was p£ jjgand 
vated at times (853 and 642 x 10’’® mg.), producing 
432 X 10''® mg., larger amounts than after three months in the ane^ 
the values ivere 326 and 252 x 10"’® mg- per cell, compor”'''’ 

148. When the total phospholipid is separated into its at li'”*'’' 

salient differences are I'evealed. Cephalin w’as pPis spln’nS®' 

'within the fii-st month, wdiereas the choline phospholipids (leci i ^ ^.^ 1 ;,. 

’myelin) reached both minimum and maximum values, fheie ma.^ glevated td''’* 
tionship betw’een the presence of immature red blood cel s, of fl‘f 

•phospholipid, and the individual phospiholipid jiartition at t le putponrirg 
anemia. Eapid eiytlirocyte destruction by the drug is follow ec 
of reticnlocy'tes® which in this study occurred during pepbalin aid 


longer duration of the anemia the marked decrease m coi 
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' elevated choline phospholipid indicate a definite change in the structure of the 
• red blood cell. These results support recent views that hemolytic agents injure 
directly the structure of the mature erythrocyte, making it more susceptible to 
uioniial hemolytic processes in the body.*"^ 

Table Y 

LiPin Distribution of Di:aixs 



In view of the neurologic manifestations which frequently accompany 
micima. detailed lipid analyses and histopathologic studies'' of the brains were 
niade (Table V). No significant differences are evident in any of the lipid con- 
stituents except cerebrosides, which Avas slightly higher, and neutral fat. which 
lower in the brains of the anemic dogs. Cerebroside vainest for the anemic 
't’?sA\ere l.G anc] 2.2 per cent (wet weight) as compared to 1.0 and 0.9 per cent 
, O' normal dogs; neutral fat values were 0.6 and 1.2 per cent as compared to 2 2 
“"d 1.4 per cent, respectively. The brains contained (on the Avet weight basis) 
^ per cent total phospholipid, 2 per cent free cholesterol, and negligible amounts 
' /gQ esters. Cephalin constituted the major portion of phospholipid 
per cent of the total), Avith the remaining 40 per cent about equally parti- 
, lecithin and sphingomyelin. J 

histopathologic examinations§ of the Ih’er, spleen, and hone marrow of each 
showed that conspicuous changes had occurred with the anemia. The 
■ \\ere found to be congested and contained pigment deposits. There Avas no 
bro\ infectious process. Tlie spleens contained a large amoinit of light 

sinusoids Avere distended Avith red blood cells to such a 
- of the normal splenic stinacture was indistinct. The appearance 


liv" OjUlcd for^i-”i"^‘‘' '"'■iaed into six separate section.^, whici* were analyzed .'separately and 
^ itv" ror hhtnn \ 9” entire brain. Specimens of the separate sections of eacli brain were 
li^'^ropalholnl, examination by Gabriel Steiner. M.D.. research professor of neurolog^- 

thf. /.fll' ^Vvne Unlversitv Collcce of Medicine, Detroit, and the results will be re- 
tCerebro^i ^^^'yses in a'later report 

4. Ulicro n determined by a niodJflcation of the ICimmelsticl-I-Urk** method, 

‘■^^bed a 'ecUhin, cephalin, and sphinffomyelm developed in this l.iboratorj* aie 

jrf IThe bone ^ ^ 

by .^niears were observed by Pearl L*e. AI.D.. hem.itologist, and the liver 

• ruia Aladscn, JI.D., pathologist. Children's Hospital of Alichlgan, Detroit. 
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was similar to the active stage of hemolytic icterus. Although x-ray examina- 
tion’^ of the bones of the animals failed to reveal any noticeable changes, th 
bone marrow smears showed an increase in nucleated red blood cells and ms- 
trophilic myelocytes, a picture of a hyperactive bone marrovr. These resHlh 
confirm those of Gruhzit® on the hemolytic nature of the disulfide anemia. 

A review of the phy^sieal and chemical changes which occurred in the eritli- 
roeytes as the result of the disulfide anemia discloses further similarities to tie 
abnomal red blood cells in active hemoljrtie ictei'us* ; the enlargement of the cell 
accompanied by increases in fragility, water, and total base content is particu- 
larly analogous. 

Table YI 


Lipid ak-d Protein Composition op Posthemolytic Eesidue of Nor.mai, ayd Axniic 

Dog Blood 


(Per cent of dry weight) 

~~ AFTER 3 JtO. 


NORMAL OF ANEMIA 


Dogs 

93 and 94 

146 an6 148 

Total lipid 

16.9 

il.6 

Neutral fat 

2.8 

3.9 

Free cholesterol 

6.2 

Cholesterol esters 

0 

Ij 

Phospholipid 

7.9 

0.1 

Cephalin 

2.9 

22 

Lecithin 

4.2 

I'.O 

70.5 

Sphingomyelin 

0.8 

Protein (N x 6.25)* 

57.1 

Amino acid nitrogen:! 
Histidine 

5.1 

5.2 

99 

Arginine 

11.5 

5.9 

2.1 

Lysine 

6.6 

TjTosine 

Tryptophane 

2.1 

1.4 



•Protein calculated on basis of total stroma. 


tPer cent of total nitrog’en of lipid-free stroma. 

A more direct approach to the chemical changes which posthemdl^’'^ 
cyte structure can be made by a study of the composition o jij^ount 

residue or stroma of the red blood cell.^'® In order to secure a fom- 

of this material for detailed lipid and protein analysis, it was ne 
bine all the blood that could be drarra from the two clogs wi pf the 

sulfide anemia at the end of the study. The lipid and 14 S) 

stroma from the combined blood of the anemic animals ( obtaiartl 

presented in Table VI, together with similar analyses on « 


from the combined blood of twm untreated animals. content of 

The stroma isolated from the cells in anemia had a total lipi ^ pjke- 

per cent as compared to 16.9 per cent for that of the norma t fraetioa? 

wise, the neutral fat (irhich includes cei’ehrosides) and free j, tlieap' 

wex’e lower in the stroma from the anemic dogs. Noticeable, esteem 

pearanee of cholesterol esters. In the normal dog stroma no^ c 


pearanee of cholesterol esters. In the normal clog suuiua ^ ^ 

could be detected. In the anemic stroma there was foun c^^^^ pjiosphd'pf*^ 
cholesterol esters. Both cephalin and lecithin components o^^^^ 
were lower, paralleling tlie lower phospholipid content, v mm 


•See footnote f page 997. 
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phospholipid constituent, sphingoinj’elin, was approximately the same in the 
stroma from the normal and anemic dogs. The diminished cephalin content of 
the stroma is in accordance with that obsen’ed for the erythrocyte as a whole, 
but the decreased lecithin indicates that not all of this phospholipid within the 
anemic cell is combined with the stroma. The decreases in total phospholipid and 
free cholesterol, together with tlie appearance of cholesterol esters, arc indicative 
of degenerative and retrogressive tissue changes' and imply a defective or im- 
paired structure of the erv’throcyte in tlie anemic state. 

The total protein content, in contrast to the lipid, was lower in the normal 
dog stroma (57.1 per cent) as compared to the anemic stroma (70.5 per cent). 
Detennination of the stroma content of histidine, arginine, Ij'sine, tyrosine, and 
tryptophane, showed that on the basis of these amino acids, which account for 
24 to 27 per cent of the total protein nitrogen, the normal dog stromal protein is 
similar to the anemic stromal protein and to that from the erythrocytes of other 
mammalian species®. It appeal's, therefore, that tlie disulfide anemia has no 
qualitative effect on the ei*ythrocyte stroma protein. In view of the acidic nature 
of this type of protein® an increased proportion in the stroma, however, may be 
related to the elevated base content of the erythrocyte in the anemia. 


_ Correlated investigations of dogs with an experimental hemolytic anemia 
mdueed by N-propyl disulfide have included determination of liematologie, 
P ysical, and chemical characteristics of the blood; the chemical composition of 
6 erythrocyte stroma; roentgenologic examinations of the bones and histo- 
pathologic observations of tissues. 

-As a result of the anemia, chloride, phospholipid and cholesterol esters were 
e^vered in the sei*um, or plasma, and the neutral fat content was increased. The 
asma lipid changes were similar to those observed in the hemolytic anemias of 
‘ood and pernicious anemia and appear to be typical of all anemias, 
as h** ^-propyl disulfide anemia the erj^throcj’te was larger and heavier, 
°^n by increased volume, weight, and diameter of the cells; an increase 
fra"T^^ '^O’ltent accompanied by a lower specific gravity attended by greater 
i indicate that the anemia caused osmotic swelling of the red blood cells, 
in base and lowered chloride contents, prewously noted 

an u 1 man, point to an excess cation content or an increased amount of 
n e ermined anion in the erythrocyte of an anemic subject. 

indicated ^ cellular structure of the erythrocyte in anemia is 

5'triki 1 changes in the lipid fractions; outstanding alteration was a 

decrease in cephalin content. 

composition of the erythrocyte stroma confirms the altered 
ivas in anemia. The stroma, a complex of lipid and pro- 

Protein quantitatively and qualitatwely in its lipid content; tlie 

but*! stroma in anemia was similar in composition to normal 

''^lure of t^^^*^** were present. It is significant, in view of the acidic 

preatp^ « ^ stroma protein, that the red blood cells in anemia contained 

^^^«monnts of basic minerals. 
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THE INFLUENCE OF THE PAROTID GLAND ON BLOOD SUGAR* 


A Prklimin’ary Report 


\X. B. Birxkraxt, 5I.S., JI.D., New York, N. Y. 


The existence of a cai'lioliydrate-regulatinf? Iiormoiie, secreted l)y the parotid 
gland, has Ijeeii postidated by several foreign observers. Hiki' and his 
collaborators obtained parotid extracts, which, when injected into dogs, caused 
niiirked and rapid hyperglycemia. Takacs,'' on the other hand, reported a 
Ij'poglycemia in animals following the injection of ether and alcohol extracts 
of this gland. Rosenfeld’ maintained that the h}’poglyeemia following the 
ligation of the parotid ducts is dne to absorption of amylase or ptyalin, ratber 
than to an internal secretion of an insiilinlikc snbstance. Thus biochemical 
shiilies have given rise to three differing conclusions concerning the action of 
parotid extract.s. 

Cahane and Cahane* in 1924 extirpated the parotid glands of two dogs, 
ey reported subsequent hypertrophy and hyperplasia of the islands of Lang- 
naans. Aunaps® reported cure of hyperglycemia of depancreatized dogs fol- 
ding parotidectomy. Perretti,® on the other hand, stated that hypertrophy 
ti, glands is a compensatory mechanism; i.e., the parotids take on 

s auction of the pancreas in the manufacture of insulin. 

Injections of parotid extracts and surgical procedures on the parotid gland 
ia\e ad definite effects on blood sugars. These effeets and the interpretations 
"’'Wot have not been uniform. 

kvols^*' study was undertaken, therefore, in order to study blood sugar 

e s and tissue changes in completely deparotidectomized animals. 


E.Xl-ERIMEXTAL PROCEDURES 


•I ilafi' * male alliino rats, weighing from 223 to 305 Gm., were used 
"lens consumption and weights was kept. Daily blood speci- 

"eek 'ti^ ‘I’a'vn at approximately the same time of day for a period of one 
I, j ouuuals were not fasted prior to the drawing of blood, since there 
Wald I*'”! greater precision in the estimation of blood sugars in rats 

tortiip I’y periods of inanition.^ Four rats were chosen at random 

Paroti "'‘'w Procedure and four rats were used as controls. Total bilateral 
Parotil/t]'”"*'^'* performed on rats Nos. 3 and 5; one-sixth of the right 
Wmovo/' ****'• ^ glands were 

"ci'c titri one-eighth of the right gland around which several ties 

"‘'fil fn" li ^ I’'”'"!' The modified microeolorimetric method of Benedict' was 
'Iw sugar determinations. 

^'^'^oratories of the Delamar Institute of Public Hcaltli, Columbia University. 

^ r>ubllcatlon. March 5. 1940. 
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RESULTS 

Rat No. 3 slioived a marked and significant decrease in the blood sugar 
from a preoperative mean of 110 mg. ± 13 mg. per 100 c.e. of blood to 22 mg. 
per 100 c.e. of blood (Table I). The blood sugar remained low for three diiys. 
On the fourth day the reading returned to the preoperative level. 

Table I 

Blood Sugar Readings* 


CONTROL ANIMALS 


ANIMAL NO. 

PREOPEEATIVE PERIOD 

POSTOPERATm: PEBIOB 

HEA^r 

STAND. DEV. 

MEAN 

STAND, on . 

4 

125 

±10 

106 


6 

96 

±24 

106 


8 

102 

±16 

99 


9 

105 

±14 

104 




♦Sugar is expressed in niiUigranis per 100 c.c. 
tNumber of days after operation. 


Rat No. 5 also showed a marked and significant decrease in ® 
sugar, from a preoperative mean of 103 mg. + IT 
to 36 mg. per 100 c.e. of blood. On the seventh postoperative < aj 
sugar was definitely in the preoperative level. ^ 

Rat No. 1 demonstrated a marked hyperglycemia. The 
to 364 mg. per 100 c.e. of blood the first day postoperative!} ■ 
readings declined rapidly. By the seventh postoperative clay t e ica c 
returned to the preoperative level. jjf 

Rat No. 7 demonstrated no significant blood sugar changes t lono 
course of the experiment. ' 

Histologic Studies . — Sections Avere made of the liver, Tlif 

spleen, and testicles of all eight rats. No abnormal 
size, shape, and number of the islands of Langerhans of the opci 
were similar to those of the controls. 


COMMENTS and CONCLUSIONS . 

The postoperative blood sugars of rats Nos. 1 and * jnfhchkc'^ 
biiity that surgical trauma per se was responsible for the ^ not 

sugar levels. Decreased daily feedings or loss of weight a ivcigb*- 

been the cause for these changes, since all four operatic e guggr drop?- 

Only the rats totally parotideetomized manifested significan of a 

We maj' conclude that these drops were directly due to tie pfinsuik- 
stance in the parotid gland which acts antagonistically to t g]ond "'d 

Purthermore, the presence of even a minute fragment 0 pa g]al)oratcd b.r 
prevent this fall in blood sugar, as sufficient antagonist can 
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Mich small fragments as were left in rat No. 7. Rat No. 1, on the other hand, 
demonstrated what may be considered an oversecretion of the parotid gland, 
(litc to irritations caused by ligatures passed through the gland. Subsequent 
tissue studies of the remnant of parotid gland in rat No. 1 revealed no struc- 
tural changes. 

We may conclude that the absence of parotid gland definitely lowers the 
Wood sugar levels and, conversely, that the pai’otid secretes a substance that 
elevates the blood sugar. 

^ Cahane and Cahane’s^ findings of hj^perplasia and hypertrophy of the 
islands of Laiigerhans were not confirmed. 

/ The significance of the reports of Aunaps"’ concerning the cure of hyper- 
Jglycemia following parotidectomy of depancreatized dogs must remain in doubt 
unless a compensatory hypertrophy of unremoved pancreatic tissue in his ani- 
' nials can be ruled out. 

^ The nature of the compensatory mechanism effecting the return of blood 
^sugars to the preoperativc levels is not yet understood. Further work along 
^ these lines is indicated. 

I 

•T SUMMARY 


; 1. The blood sugars decreased markedly, though temporarily, in totally 

bparotidcctomized rats. 

2. The blood sugar ^vas not affected wlien approximately one-twelfth of 
t e total weight of both glands was left in situ. 

,, 3. The blood sugar increased markedly, though temporarily, following 

, hgation of part of the parotid gland. 

. h All blood sugars returned to preoperative levels eight days following 
■tHe operative procedure. 

' fii' studies of the liver, pancreas, adrenals, spleen, and testicles 

p deparotidectomized rats revealed no changes. 


S' , 
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SEBUM CHOLESTEEOL STUDIES POLLO^YING THE 
ADMINISTBATION OP ACETYL-^AIETHYLCHOLINE 
CHLORIDE BY IONTOPHORESIS® 


Samuel Member, B.S., Ellex j\IcDevitt, A.B., axd John B. Ludden’, 

New York, N. Y. 


T hat choline is important in ciiolesterol metabolism has been pointed ont k} 
Best and liis coworkers^'® and by other workers. Best has showi that the 
administration of choline prevents the fatty infiltration of the liver in lat^ e 
fat or cholesterol. Steiner, ■* working with 38 rabbits, some of nhieh iccenf^ 
cholesterol and others cholesterol and choline, fonnd that the oral administialioJ 
of 0.5 6m. of choline daily to cholesterol-fed rabbits did not prevent the ( 
ment of hypercholesterolemia when com])ared to the control 
cholesterol alone. He also concluded from this study that choline 
did not prevent, experimental atherosclerosis. Baumann and Ruse i a -a 
served that choline did not influence the cholesterol content of t ic oa 
cholesterol-fed rabbits. Zinnitz® found that small amounts of eholesteio a 
inhibited the action of acetylcholine. 

During the routine treatment of patients with jjf.vd, 

chloride by iontophoresis, it appeared that a study of tlie serum c lo 
before and after treatment might be of interest. Accordinglv, pe 
selected; 2 received 0.125 per cent acetyl-^-methyleholine c on 
phoresis and the remaining 10, 1 per cent of the drug by the same pjif. 

cholesterol determinations wei’e done before and at intervas o 
and two hours after the administration of the drug. Since p£,j.sis!s iof 
aeetyl-j3-methylcholine chloidde occurs within a few minutes 
several hours, it was felt that the time intervals selected veie o s 
tion to demonstrate an effect, if any. Cholesterol deteimiua !on.s 
duplicate by a modified Bloor’s method.’’ ® 


RESULTS 


Of the 2 persons receiving 0.125 per 




lilorii‘’- 


itl! » 


one showed an appreciable drop in serum eholestei’ot m gjjowed n ^ 


marked rise in the one- and two-hour specimens, while the ome ^ ^ 
rise from the control value. Five of the ten persons receiviUo^ o- ,^ 2 . 

tion showed an appreciable rise in serum cholesterol, j-eniam'’’-'- 

above the control levels at the end of the two-hour 
5, 2 showed no change, while 3 showed a slight fall in o.p standav'bh''' 
serum cholesterol in the 12 persons studied varied by 
ation of ± 5.1 per cent, with a range of ± 1.9 to ± 9.( (Ta ) e j- ,, 

Medical Sclmol a"'” 


•Prom the Department of Medicine, Nets' York Post-Graduate 
Columbia Universitj', New York. 

Keceived for publication. April 27, 1940. 
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Table I 


SUBJECT 

SERUSr CHOLESTEROL 
(mo. per 100 G.C.) 

MEAN 

STANDARD 
DEVIATION 
(± %) 

ACETYL-/3- 

METHYL- 

CHOLINE 

(%) 

CONTROL 

% HR- 

1 HR. 

2 HR. 

D. B. 


189 

218 

242 

218 

9.5 

0.125 

s. 

200 

214 

211 

208 

208 

2.6 

0.125 

A. C. 

240 

2oV 

295 

26S 

265 

9.7 

1 

I.K. 

218 

195 

216 

236 

216 

7.2 

1 

li McC. 

170 

1(59 

175 

100 

176 

4.2 

1 

L.C. 

242 

2.89 

2.80 

244 

239 

2.7 

1 

L.C. 

220 

259 

24S 

240 

244 

5.5 

1 

A.H. 

104 

168 

160 

170 

166 

1.9 

1 

.\.J. 

IfiO 

140 

150 

152 

151 

3.5 

1 

M.B. 

29.8 

259 

286 

280 

280 

6.2 

1 

J.G. 

272 

268 

286 

291 

279 

4.5 

1 

r.G. 

174 

157 

171 

174 

169 

3.2 

1 


Average ±5.1 


DISCUSSION 


That acetyl-^-methyleholine chloride exerts a pliysiologic action when given 
V iontophoresis lias been amply demonstrated by Kovacs, Saylor, and Wright,® 
and by Kotkis and others.^® These workers have demonstrated that the cations 
of aoetyl-^-methylcholine chloride were responsible for the physiologic reaction 
fine to this compound and that they could be di’h'en into the body by ionto- 
phoresis only from the positive electrode of a galvanic source. 

Although rises and falls occurred in serum cholesterol following acetyl-^- 
1 metliylcholinc chloride iontophoresis, on analysis these variations were found to 
statistical significance. Bruger and Somaeh," reporting on the diurnal 
'iiiiations in blood cholesterol in a group of 18 normal persons, found the aver- 
^ “se standard deviation to be + 8.0 per cent for a twenty-four-hour period, with 
_ ± 3.5 per cent standard deviation in tlie morning hours. Since the 

’ '^-'tperiments were carried out during the morning hours, the average 
' deviation of ± 5.1 per cent found in this series was only slightlj' higher 

'fia the ±3.5 per cent reported by Bruger and Somach.^^ 


CONCLUSIONS 

The administration of aeetyl-jS-methylcholine chloride by iontophoresis is 
“'-■Poiiipanied l)y variations of the blood cholesterol, which, however, are not 
c*iifieant from a statistical standpoint. 
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THE DISTEJBUTION OP DOSES OP EADIOAOTIEB PHOSPHOR'S 

IN RODENTS* 


Shields Warren, M.D., and R. P. Cowing 
Boston, Mass. 


Vjl^ITH growing interest in tiie tlierapeutic uses of temporarily ra(iioaf(i''f 

substances, it is important to learn the distribution of these in tissue 

their rate of excretion. Radioactive phosphorus prepaiTclf at the Hanard 

cyclotron by bombardment of red phosphorus was injected intravenously or 

intraperitoneally in mice, rats, and rabbits as aqueous solution of disotih® 

acid phosphate. The dosages of imdioactive material injected ranged fro® ^ 

mierocuries to 17.5 microeuries in the mouse, from 30 microeuries toSSfl uiioo 

curies in the rat, and from 50 microeuries to 84 mierocuries in the rabbit. 

Measurements were made by a Laui’itsen type electroscope. The accuracj 

of measurements hinges on (a) the rate of deflection of the fiber on anj 

portion of the scale, and (b) the human error in determining the e.vact 

tions of the fiber in relation to the scale markings. This last erroi 

as tlie rate of deflection decreases. Hence values obtained for relatiiely 

samples are more accurate than are those for samples of veri Ion 

The thickness of the aluminum foil window is of importance in the detem 

tions. Ours is 0.0055 mm, thick, permitting passage of about 

the soft /? radiation of uranium oxide. The sensitivity of this 

two divisions per minute per millicurie of radiation at one 

^Ye do not regard as accurate our measurements below 0.01 

though phosphorus of this degree of radioactivity may be detected m j,,. 

of 3.5 by 10‘“ Gin. About 10 per cent error must be allowed in ^ 

this method of measurement. ctualfr 

Although expressed in mici-ocurie equivalents, the 

comparable in biologic effect to the same amount of gamma I’adiat^®^^ 

The tissue changes are now being studied. „ p 

— — 

of Patliologj' of the New 

Huntmaton Hospitals, .and ihe Department of Pathoiogi' of Har%'ar<l Jtc .^{arch U’ ’ 

Read in part before the American Society of E.vPenmcntaI pathowp. • 

.Vided by a researcli srant from Eli Lilly & Company. 

Recehed for publication, June I, 1910. activi’*®-'’ “ 

fWe are indebted to Dr. ic T. Bainbridge and Dr. B. R- Curtw i 
pbosphorus. 
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Kaclioactive phosphorus decays with a half life of 14.5 days. The radiation 
is made up of ^ particles,' having a half layci* value of 0.5 lum. of aluminum.^ 

Table I 


Per Cent P.\rtitio.v of nApiOACTivE PHO.srnoros is Rats 


HOCIiS 

o 

48 

12U 

lOS 

Heait 

u.:{ 

0.4 

0.3 

0.3 

Lung 

0.1 

1.2 

0.;; 

O.G 

Spleea 

0.1 

0.(5 

0.7 


Liver 

0.2 

8.7 


2.8 

Kitlne\s 

0.3 

0.5 


3.1 

Bone 

0 

11.1 

11.3 

4.0 


Table II 


Per, Cent Partition of Radioactive Phosphorus in Rabbits 


IIOUR.^ 

24 

48 


KiS 

240 

2,592 

Heart 

O.G 

O.G 

0.7 

0.4 

0 


Lunga 

1.0 

1.0 

1.3 


0 


Spleen 

1.4 


0.2 

0.2 

0 

0 

Uier 

11, 1 

11.4 

9.1 

5.3 

0 


Kiilnej-s 




O.G 

0 

Trace 

Unne 

1.4 

0 


0 

0 

Trace 

(2 femurs') 
Bleoil 

2,S 

2.G 

0.14 

0.13 


0 

(total) 








Table III 

Per Cent Partition of Radioactive Phosphorus in Mice 


. Honis 

24 

48 

1 120 1 

240 i 

2G4 

312 

Heart 

0.35 

0.35 

0.3 : 

0.24 

0.12 

0.15 



0.7 


0.2 

0.24 

0.2 


1.0 

1.5 


0.3 

0.2 

0.1 

. Kiilnevs 

4,9 

1.0 

4.1 

0.9 

2.1 

0.5 

1.0 

0.4 

1.1 

0.3 

O.G 

0.3 


Table IV 

Urinary Excretion of Radioactive Phosphorus in the R.vt 
HOURS PEP. cent 


3 

6.1 

G 

G,3 

21 

5.0 

30 

3.5 

45.5 

2.9 


Ubles 1, 11, ni, and IV the amounts of radioactive phosphorus present 


tissues 


are calculated in per cent of the dose originally injected, cor- 


rected f '-‘uviuicufu in 

«( wciei" <Jeeay. In the case of larger tissues measurements were made 

"eigheil portions ; in tlie case of smaller organs tlie entire organ was 

tissnes' ““<1 nrinc were dried before measurement;* other 

ashed ‘^“'’’Pi'^ssed to a tliiii film and dried, or ground and then dried, 


''itrereat"''"'- Tallies I to III, the per cent partition varies in tlie 

■ — annuals. These values are only indicative of general trends, and vary 

Vis Orj- varying amounts of urine up to arefolil. causing variation in thickne.ss 

' u not affect the accuracy of mcasuremenL 
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sojne-\Y]jat with dosages given as well as other factors. Some absolution oectiB 
within two hours after injection (Table I). The bone naturally picks iip a 
large amount and retains it long, traces being- present in the rabbit after ICt' 
days. Owing probably to their excretory activity, the kidneys retained a tracf 
at the same time, although none could be found in the liver (Table 11). 

The partition varies in the different species, but in general the spleen, 
liver, kidneys, and bone show a material degree of absorption and retention. 
In \dew of the disti'ibution of leucemic lesions, this partition is .servicrahle in 
concentrating radioactivity to some degree in the tissues often affected liy 
leucemic infiltration. 

Urinary excretion is rapid. Hevesy® found when tracer quantities of radi^ 
active sodium phosphate are given by mouth, traces appear in the urine in 
twenty minutes. This urinary excretion is more marked early end fads oS 
rapidly. About one-quarter the dose is excreted in the first forty-eight hours. 
Minute amounts were found in the urine of a rat ninety-eight days after siih- 
cutaneous injection,® 

Table IV gives the rate of urinary excretion of radioactive phospionn 
administered intraperitoneally’ or intravenously. lu the first three lowsj ^ 
per cent is excreted, and this rate continues with only slight diminution or 

twenty-one hours, falling- to about one-half in the next day. ^ ■ V as 

The fecal excretion could not be accurately measured in our annua 
slight contamination with urine could not be prei^ented. Tuttle, eo i 
Lawrence'* found from 13 per cent to 26 per cent of orally administere i 
active phosphorus in the feces of leucemic patients. An unknown am 
this represents failure of absorption from the gastrointestinal tract. 

There is variation in the per cent partition in various tissues, o< 
degree among individual animals of the same species and to a grea e 
betAveen different species. 
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THK ESTER-HYDROLYZING ACTIVITY OF THE CENTRAL NERVOUS 
SY"STEM« 

D.uid J. Cohn, Rh.D., Irving ILvplan, Ph.D., and Martha Janota, M.S, 
Chicago, Ii,l. 

INTRODUCTION 

I IPIDS siicli as ecphalin, sphingomyelin, lecithin, cholesterol, and related com- 
pounds form a major portion of nervous tissue. In the human brain and 
spinal cord, for e.vample, fatty materials constitute about 50 per cent of the 
•liy wight of the tissue,’’ - as compared with 15 per cent in muscle tissue.’’ 
It follows that lipid metabolism is of profound interest in the stud.v of the 
iochcmical processes that take place in the brain and nerves. Marked changes 
are known to occur in the compounds composing the myelin sheaths, especially 
' '"^“8 Porvo formation and degeneration.’’ ^ 

Yaturally, lipolytic and ester-splitting enzymes may be expected to play 
'p ‘"’I’ortant part in the formation and transformation of nerve tissue lipids. 
Wjing out this deduction is the increase in lipolytic enzyme activity of the 
a wspinal fluid found in conditions in which severe brain tissue destruction 
kno\Yn to occur.*' 

^‘^spite the fact that lipolytic enzymes may thus be expected to be present 
nenous ti&suo in considerable amounts, earlier workers did not find appre- 
extr^ *^*^^*'*^^^ activity.*’-^** AVe surmised that this was due to the use of tissue 
firm'Jv ^ instance they missed the desmoenzymes 

in ■ cellular struoturcs; in the second, part of the enzymes were 

fullv 1*^ autolysis. AYo, therefore, used minced brain tissue carc- 

} pUaided against autolysis. Bv this technique we have been able to demon- 
lipolytic activity. ' 

the Report we are presenting the results of qiiantitative estimations of 

' ‘‘ciizv^^ activity of various portions of the brain and spinal cord. This 
aetiv'itvV'^^^" tissue is of itself interesting in that tiie lipolytic 

turn found to vary with the anatomic structures and possibly, in 

*’<*rmal'd-* of the tissue. However, the main function of these 

studies is to provide a standard of comparison for studies 
j tissue which are in progress. 

SIETflODS 

of Tissue. — Tliroughout the cxperimenls tlie brain and si)iual 

— le monkey, Macaca viuJatta, were used.t The monkeys had died of either 

•\lded by Chemistry, Michael Reese Hospital, Chicago. 

^‘'^ived Otto Baer Fund. 

"i-'h to fh 

the brain® Albert Milzer of the Samuel Deutch Serum Center for generously 

^ms and coMs of the monheys. 


1017 



1018 


the journal op laboratory and clinical MEWCINK 


««»! 

In doubtfii] M ^ n'ams and cords appeared normal on gross disscdion. 

mo^d anr^t and cord .mm 

the mirfaop A -Pr ^ ^ distilled water to remove blood adheriasto 

were sen-,v«t ^ lepfomeninges, tlie cerebrum and cercklliira 

were reL medulla oblongata. The following tisiifs 

seminv^l eanefidly and completely as possible: cerebral corlo.v, centnnn 

nln- r., ®' thalamus, and gray tissue of the caudate andlwitio- 
, ..^ ® cerebral tissue (mixed cerebrum) containing coito .i?)'! 

cor lea n ute matter was also removed. No attempt was made to separate 

n-F H cerebellum, pons, or medulla, since the small sire 

^ le mon *ej oiain made this impractical. In tliis study the pons and mednlia. 
wluch were always combined, are referred to as the brain stem. 

The tissues were minced separately in Petri dishes with a scalpel and 
11 a,^ ormed into oblong cakes, and kept in the refrigerator at 0° to 5' C. 
leeautions were taken to minimize tlie length of time during wliicli 'anv 
issue w as exposed to room temperature. Tissue prepared in this way could 
e kept for a week or more with no significant loss of lipolytic activity. 

^ Dcieimmation of the Lipolytic Activity. — The lipolytic activity was deter- 
mined as follows; Substrate emulsions of tributyTin, ethyl butyrate, or olive 
oil, were prepared by shaking one part of substrate with 4 parts of 5 per cent 
gum acacia solution. The hydrolysis mixtures, made up in 50 e.c. Brlenroeyer 
flasks, preferably' glass stoppered, contained 2 e.c. of substrate emulsion, 1 of- 
01 more of buffer solution, and enough distilled ivater to bring the volnme to , 
c-c. The amount and concentration of tlie buffer solution depend on the 
nf thn i ^ piece of tissue cut from the previously descrileil 


C11A\4 

purpose of the experiment. 


* ' A piece ol tissue cut trom tlie previoii; 

cake and estimated to weigh between 250 and 300 mg. was used as the ciizyiu 

maipi'int . .... . ... 


r the liydn 


- — ,cu lu ii’cign oeiween Z‘oU and 300 mg. was used as 

exact moist weight of tissue was formed by weighing 
y SIS as 1 . before and after addition of the tissue. The flask was shaken vi? 
lous y 1 band until tlie tis.sue was distributed in small pieces through thcemii 
Sion, and then incubated for tiventy-four liours at 37° C. At the end of 
period tlie reaction was stopped by the addition of 10 e.c. of 95 per centalcoko 
an t le amount of acid formed ivas determined by titration with 0.05 norm, 
OT inm by dioxide, using 10 drops of 1 per cent plienolpbtlialein as iudicato 
1 wo kinds of control determinations were used. A substrate blank was* 
eimine by^ titrating a liy’droly'sis mixture after incubation without !nv>!' 
issue. A tissue blank was determined bv incubating ti-ssue with Imffci -u 
water without substrating and titrating as'pnoviouslY the lipolytk activity '«’• 

calculated as follows: 


(1) Lipolytic activity per gram of tissue 

(e.c. 0.05 N NaOH) _(c.c. 0.05 N NaOH 

Tissue and buffered Buffered 

substrate .siib.strat c 

(weight of tissue used, in milligrams) 

— Autolysis value per gram of tissue. 


1000 
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The “autolysis value’^ in the foregoing formula was obtained as follows: 
(2) Antolysis value per gram of tissue 


(c.c. of 0.5 N NaOH) — (c.c. 0.05 N NaOH) 

Tissue and buffer Buffer 

(weight of tissue used, in milligi'ams) 


X 1000 


Throughout the course of the experiments the phosphate buffer of Sorensen, 
as modified by Hastings and Sendroy,’® was used. In order to avoid the 
arbitrariness involved in the use of a single buffer concentration, we studied 
the lipolytic activity at various concentrations of phosphate buffer. A stock 
solution of buffer of pH 7.9 was prepared at a salt concentration of 0.2 molar. 
By using 1, 2.5, 4, 5, or 8 c.c. of this stock solution in hydrolysis mixtures 
whose total volume was 10 c.c., it was possible to obtain phosphate buffer con- 
centrations of 0.02, 0.05, 0.08, 0.10, and 0-16 molar, respectively. To obtain a 
buffer concentration of 0.0067 molar, 1 c.c. of fifteenth-molar stock solution was 
used. The activity was determined at pH 7.9 because this pH value is in the 
neighborhood of maximum, hydrolysis of tributyrin and ethyl butyrate. Ex- 
periments were also made at the more physiologic pH value of 7.4 The differ- 
ence in pH exerted no significant influence on the results obtained. 

In all, 13 monkeys were used in the experiments reported. In view of the 
act that the results obtained with individual animals showed relatively small 
variations, this number was considered sufficient. 


RESULTS 

portions of nervous tissue tested showed considerable tributyrin and 
I y butyrate-splitting activity. This activity per gram of material was of 
® order of ten times that of blood serum. Neutral fat (olive oil) was not 
appreciably hydrolyzed. 

The concentration of phosphate buffer in the hydrolysis mixture affected 
extent of hydrolysis. AVithin certain limits increased phosphate 
cth accompanied by increased hydrolysis. In the case of 

huff increase reached a maximum at 0.02 to 0.05 molar phosphate 

molar Tributyrin-splitting activity reached a maximum at 0.16 


'allies absolute ester-splitting power, as represented by the titration 

I Figs. 1 and 2, varied from animal to animal, the relative 
*bc sam^ ^'^sues from each individual animal split each ester was always 
'‘barn^^ * words, the ester-splitting power of the different tissues was 

tinder ■* ^ tissues; the relative hydrolj'zing power of various tissues 

Pbate 1 fr of hydrogen-ion concentration, temperature, and phos- 

buffer concentration was always the same. Thus at 0.16 molar phosphate 
various tissues studied hydrolyzed tributyrin in the 
"^■rehelir cortex, mixed cerebrum, striatal gray matter, thalamus, 

buffer co^' spinal cord, and white matter (Fig. 1). At lower phosphate 
^pvera\ the difference in the tributyrin-splitting activity of the 

'bowed m quite so distinct, yet gray and mixed tissues always 

ore tiibutjTin.spij^j-jjjg activity than spinal cord and white matter. 
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Table I 


IlYKnOLYSIS OF TlilBUTY'EIN AND EtIIY'L BUTYBATE BY VAHIOUS TISSUES OF THE ClSTttl. 

Nekvous System 

(Results are expressed as cubic centimeters of 0,05 normal sodium liydroxido used toiicutraliie 

the fatty acids formed.) 



CERE- 

BRAL 

CORTEX 

STRIATAL 

GRAY 

TISSUE 

Tributyrin 

Ethyl 

butyrate 

Max. 

Min. 

Avg. 

Max. 

Min. 

Avg. 

100.0 

82.7 
92.3 

25.7 
20.9 
23.1 

101.0 

72.9 

85.3 

26.0 

14.0 

19.0 

Tributyrin 

Ethyl 

butyrate 

Max. 

Min. 

Avg. 

Max. 

Min. 

Avg. 

80.2 

68.7 

75.4 

28.4 
21.0 
23.6 

70.0 

52.5 

03.6 

25.2 

15.7 
20.6 

Tributyrin 

Ethyl 

butyrate 

Max. 

Min. 

: Avg. 

f Max. 

Min. 

Avg. 

14.9 

13.2 

14.4 

9.1 
6.6 

8.2 

15.7 

11.6 

14.0 

11.3 

0.9 

8.6 


STEM 


JtlXED 
CERE- 

BRUM ^ 

0.1(5 Molar Phosphate Buffer 


THALA- 

MUS 


CERE- 

BELLUM 


94.1 
S2.6 

89.4 

24.9 

14.4 

20.2 


80.0 

23.8 

13.G 

18.7 


79.4 
70.8 
73.7 

19.0 

8.5 

13.5 


GS.6 

51.5 

60.5 

18.7 

13.3 

15.1 


1.10 Molar Phosphate Butter 


0 

73.4 
C3.1 

68.4 

23.4 

17.0 

20.0 


64.1 

57.0 

60.5 

20.7 

16.7 

18.7 


0.0067 

17.1 

13.2 
14.7 

9.3 
5.6 

7.3 


Molar 

17.3 

12.6 

14.1 

10.2 
7.0 
7.9 


71.3 
58.7 
64.9 

19.2 

10.2 

14.4 
Phosphate 

10.0 ■ 


58.1 

43.1 
51.5 

20.4 

9.6 

15.0 


12.2 

14.4 

9.8 

4,5 

6.0 


Buffer 

16.3 

13.9 

15.2 


SPIX.M 

COED 


01,2 

48,5 

53.8 

11.2 

C.l 

7.8 


54.0 

45.0 
4S.S 

11.7 

6.6 

8.5 


13.2 
10.S 

12.3 


6.0 

3.0 

4.4 


Ester-splitting power of nervous tissue is strongest in gray matter, 
centration has a notable effect. 


7.1 
5.7 
6.5 

phospliale buffer wn 


MIUTE 

jiimr. 


54.0 
45.5 
oO.I 

13.0 
G.S 

]i).S 


51.5 

33.3 

44.3 

13.5 
7,4 

14.C 

10.9 

11.9 


7.0 

3,4 

5,3 


at all phospliate con- 
■ ■ ’cray 


On the other hand, ethyl butyrate-splitting activity 
centrations i-einained in the order : cerebral cortex, mixed cerebmah 
matter, thalamus, stem, cerebellum, white matter, and spinal 

It will be noted that tlie order of etliyl butyrate-splitting ac I'l. 
what different from that for tributyrin-splitting activity, i' 


active than the cerebellum with respect to etliyl butyrate, 
more active than spinal cord tissue. These dift’oreneos were 
in all the animals studied. 

DISCUSSION 


fouiicl coiisistcntl'' 


It lias been found in the present work that all the \ aliens 

ced ester- ' 
varies tlu'on 


tissues of tiic 

ahiWy- 


present woi’k uiat au u-v ■--- 

brain and spinal cord which we hat'e studied have marked ester-sp ' da 


The quantitative measure of tliis ester-splitting activity viinva 
central nervous system and is a chemical characteristic of eac i 
In general, llie ester-splitting activity is greatest in gray mattei, 
matter, and intermediate in mixed tissues. . j,3ise3 fl-- 

The presence of lipolytic enzymes in the brain and spmn 
([iicstion of the source and functions of tliese enzymes. Since v n ^ 
sists of nerve fibers and neuroglial cells, the enzymes of v 'ij^gdcnclrofli"' 
probably derived from tlie latter. Whether or not astrocyte.s, o r 
and microglia, contribute equally to the enzymsitic activit.i o jj„.,{orDi'' 

is a question wliicJi cannot at pre.sent he settled. It is ^ 

grounds,'^ that the oligodendroglia are related to the formation .n 
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“Curves showing the hydrolysis of trlbutynn by various central nervous system tissues 
at different concentrations of phosphate buffer. 







the 

sues at Olffcrent 


hydrolysis of ethyl butyrate by various central nervous .system tis- 
concentrations of phosphate buffer. See Fig. 1 for hey. 



1020 


'i’HE JOURNAL 01- LABORATORY AM) CLINICAL .MHWCINE 


Table I 

< "« “■>™- -« -tl.™ c3,-“ "■— »> 


TributjTin 

f Jtas. 

■( Min. 

! Avg. 

Ethyl 

butyrate 

f Max. 

] Min. 

1 Ayg. 

Tributyrin 

[ Max. 

Mia. 

! Avg. 

Etliyl ! 

butyi-ate j 

' Max. 
Min. 
Avg. 

Tributyrin | 
1 

Alax. 

Min. 

Avg. 

Ethyl f Max, 

butyrate i' 




CERE- 

BRAt. 

CORTEX 

striatal 

GRAY 

TISSUE 

JOO.O' 

52.7 
92.3 

25.7 
20.9 
23.1 

- — 

201.0 

72.9 

S5.S 

26.0 

14.0 

19.0 

S0.2 

70.0 

OS. 7 

52.5 

75.4 

63.6 

28.4 

25.2 

21.0 

15.7 

S8.6 

20.6 

14.9 

0 

15.7 

13.2 

11.6 

14.4 

14.0 

9.1 

11.3 

6.6 

6.9 

S.2 

8.6 


j JIIXED 
CEKE- 
BRU5I 

ITHAbA- 
1 JfUS 

I CERE' 

1 BELEU3 

1 STEil 

smxi 

CORD 

irxijTx 

lunc 

Molar Phosphate Buffer 


.... 



79.4 

1 68,0 

01,2 

549 

S2.6 


76.8 

51.5 

48.5 

46.? 

89.4 

80.0 

73.7 

00.8 

53.S 

59,7 

24.9 

23,8 

19.0 

18.7 

11.2 

P,9 

34-4 

13,6 

8.5 

12., 3 

fi.l 

6.S 

20.2 

18.7 

33.5 

15.1 

7.8 

10,? 

UJO Molar Phosphate Buffer ] 



73.4 

64.1 

71.3 

58.1 

54.0 

31,8 

63.1 1 

57.0 

58.7 

43.1 

45.0 

3.1,5 


68.4 

23.4 

17.0 

20.0 


60.5 

20.7 
1G.7 

18.7 


64.9 

19.2 

10.2 
14.4 


51.5 

20,4 

9.0 

15.0 


4S,S 44: 


,0067 

17.1 

13.2 
14.7 


5.6 

7 H 


Molar 
I 17.3 
12.6 

14.1 

10.2 
7.0 
7.D 


Pliospliate Buffer 
■ 16.0 I 16,3 ' 
12.2 13.9 

14.4 I 15.2 


11.7 

0.6 

S.5 


i.i 

110 


9.5 

4.5 

6.5 


7,1 

5.7 

(i.o 


ion 

it).* 

10.S 

12.3 

6.0 

3.0 

4,4 


14.6 
16.9 
IL" 

7.6 
3.4 


tissue is strongest in gray matter. Phosphate buffer ws- 


r'Mitv-it; ^ i3iid, ethyl butyrate-splitting activity at all pliospiiaie w”' 
nrittpr ^ ^he order: cerebral eoi'tex, mixed cerebnun, striatal ?ra.' 

It rn cerebellum, white matter, and .spinal cord (Fig- -)• 

wh'zt rVff ^^oted that tlie order of ethyl bntyrate-sjiiittiug activity is sanic- 

■}ofivp H Fiom that for tribut.yrin-splittiiig’ activity. The .stem is imm 
mnvp ^61-ebellnm with respect to clhvl biitvrate, and white matter >' 

n 04 e active than spinal cord tissue. Tiicse differences were found consislenth' 
ill ail the animals studied 


DI.SCUS.SION' 

It has been found in the present work that all the various tissues of ti-' 
iram and spmal cord which we have studied have marked ester-splitting 
I he quantitative measure of this ester-splitting activity varies throughout 
central nervous system and is a clicmieal charaeteristie of each tissue porb®- 
In general, the ester-splitting activity is greatest in gray matter, least inning- 
matter, and intermediate in mixed tissues. . 

TJie presence of lipolytic enzymes in the brain and spinal cord rabo- 
flUGstion of the source and functions of these enzymes. Since white math'i' 
sists of nerve fibers and neuroglial cells, tlie enzymes of uliitc ’’’nd*''' “ 
probablj- derived from the latter. Whether or not astrocytes, oligodemiro? y 
and microglia, contribute efpmlly to the eitzrmaiie activity of the white umt.'- 
1.S- a question which cannot at present be settled. It is thought, on 
giounds, ® that the oligodendroglia are related to the fonnation imd mnintfu 
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matter, such as thalamus and cerebellum, were more active than mixed tissues 
rich in white matter, such as stem and spinal cord. 

4. The ethyl butyrate-splitting activity' was greatest in the cerebral corte.x 
rand least in the spinal cord. The cerebellum has less activity than other mixed 
■■ tissues including the stem. White matter was less active than gray or mixed 
- tissues with the exception of the spinal cord. 
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laboratory methods 


general 


A NOTE ON THE BACTERTOLOGIG CULTURE OF BONE MAEROW 

IN TYPHOID PEA^ER^ 


AfiLTOJSi S. Sacks, and Prank W . Hachtel, 3I.D. 

Baltimore, Md. 


'’jp'HL localization of bacilli in the bone marrow during an attack of fyptioit 
e\ei has been known for many years. Longcope’ in 1905 noted the presfflfi 
0 large numbers of eliaraeteristie maeropliages here, as well as in the Pcyer'; 
pate les of the intestines, and also observed areas of necrosis in the laavtos 
sum ai to those of the spleen and lymph nodes. Lndke- rejwrted the persistcncf 
0 tj p loM bacilli in the lymph nodes and bone marrow of guinea pigs foibwitij 
intiavenous inoculation and their proliferation in these situations after dhap 
peaiauce from the blood. Gay® further noted that the organisms were present » 
tie maiiou of infected rabbits not only after disappearance from the blood, hut 
a so^ fi om the Ij'mplt nodes and spleen. The clinical significance of this ioeoh 
ization has been stressed in regard to tlie resultant leuoopenia and ueutropenh 
occiuiing during the acute phase of the disease and the osseous lesions which 
occasionally’' occur as sequelae of the infection. HoAvevev, the value of macros 
culture dm-ing the disease has been pointed out only within the past smwal 
jeais. In this communication we wish to record our experience with the hac- 
teiiologic examination of the maiTow in thi’ce cases of typhoid and to cottmaat 
briefly on the usefulness of this procedure. 

Culture of the iooue marrow’ in vivo has been closely associated witli the m 
ei easing interest and exploitation of bone mariw/ biopsy in the blood d.'srrasi--- 
Cy tologic examinations of t he marrow have increased in number a.s a result ® 
introduction of simplei- and more pi’actieal methods of securing samples o t 

4.1,., — V , , those of Ghcduii. 


Among the earliest attempts at marrow biopsy were 


who first advocated libial trephination for tlie diagirosis of leishmaniasis-^ 
teeiimque never became widely popular, although it was used by 
eabody® in 1922 and 1927, respectively, in their clas-sical studies on • 
eiianges in pernicious ancjnia. Sternal trephination, introduced bj ^ 


in 1923, reawakened interest in the diagnostic value of marrow biopsy 


But It 


[)v Arinkio' 


-- — , iiueresi in uie aJagnosiie vaiue oi iiuuiu" • 

leniained lor tiie introduction of needle puncture of the sternum 
1929 to popularize marrorv study. -iff’’ ami 

Ayithin the past several yeare reports of attcmjfis at fjivd 

parasitologic examination of maiTow in a variety of infectious ba'C 

lleOicinc and Bacteriologj-. UnSversity of 35ar}Dn 

(HitcUcock Follow in Meciicino. 

Heceivecl for piibliciition, Harclj 22, 1940. 
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largely in European literature. Among the diseases so .studied liave been typhoid 
fever, brucellosis, subacute bacterial endocarditis, miliarj' tuberculosis, malaria, 
leishmaniasis, trypanosomiasis, and various .septic states due to membei's of the 
pyogenic group of I)acteria. ^larrow examination in leishmaniasis seems 
to he accepted as a diagnostic procedure of recognized value.® In malaria 
Osgood*'’ has reported the occurrence of larger numbers of parasites in the 
marrou' than in tlie peripheral blood. Bock** concluded from a comparative 
study of arterial and venous blood cultures with marrow culture in a variety 
of septic slates that the latter, while inferior to arterial culture, was considerably 
easier to obtain and was apparently superior to the more commonly used venous 
blood culture. Favorable experiences with this method in the diagnosis of 
liruccllosLs have been repoilcd by Signorelli'- and Baserga and Barbagallo,’^ 



r IB. i. 

(Courte.sy of Topley and Wilson > 


in t I'cport of bacteriologic culture of bone marrow biopsy material 

jgj-J *1". i.s contained in the little-knottTi paper of Oerbasi,” who in 

hull positive results from tibial bone marrow in tliirteen cases. No 

ruarroiv occurred until 1935, when Ochre and co-workers'^ cultured the 
snd V sternal puncture in ten cases of typhoid during the first 

I'lirther of infection and obtained positive results in all instances, 

sfi'l recorded by Storti and Filippi,'® Baserga and Barbagallo, 

1‘orts approximately two hundred cases are included in these re- 

t'M few were apparently obtained from patients not only in the 

onset disease, but also as late as sixty to sixty-five daj's following 

2rc* present appear from a .scrutiny of this material that typhoid bacilli 

h'jn and longer period of time in the marrow tlian in any other situa- 

niav 1)0 lissuc offeis a constant reservoir from which positive cultures 


1026 


THE JOURNAL OF LABORATORX AND CLINICAL MEDICINE 


The aim of diagnosis in tj'phoid fever has always been the actual isokti'c. . 
and identification of the organism from any possible source. The most iraitM 
sources for culture in active cases have been the blood and feces. Determinalifr, • * 
of the agglutinin content of the serum is an indirect method of dlagnosh, tk 
reliability of which depends on the demonstration of progressive increase in 
titer. Prequentlj’" titers of sufficient strength to be diagnostic do not develop! 
before the end of the second week of the dlness. Moreover, in this day of in- 
creasingly widespread use of prophjdaetic vaccination, the possibiiit) of .in 
‘ ‘ anamnestic reaction ’ ’ of typhoid agglutinins to nonspecific hjperpmxia mN , 
always be considered. Reference to Fig. 1 demonstrates that during the lattu 
part of the second week of illness the diagnostic efficiency of current laboraforr 
measures averages about 70 per cent. During this time, which has been ca 
the “mute period” by Baserga and Barbagallo, marrow culture appears to 


its greatest diagnostic usefulness. ^ , 

The technique followed in the cases to he cited was as follows: 
area over the body* of the sternum at the level of the third interspace was^ 
with iodine and alcohol, and then anesthetized with 2 per 
to and including the periosteum. The needle used for puncturing ■ 

was No. 18 gauge lumbar puncture needle rvith stylet injpaee, ® ® 
approximately 5 cm. according to the method ^i-^SSestedbyloungan = . 

It was introduced at an angle of approximately 70°, and with a ® •: 

and somewhat rotatory pressure the anterior cortex vas rea 
After wnthdrawing the stylet, a tightly fitting 10 c.c. sjwinge uas i 

approximately 4 c.c. of sanguineous ‘marrow jnice. _ yiost satfei'ci’- ^ 

media and treated in a manner similar to blood culture mateiia . 
tory growTh was obtained on media containing selenite F. ^ 


r gromn was omainea on meuia cuuiaum.a ^ 

Three patients with typhoid fever admitted to the 


Tnree patients wmi typnoiu levei rtuiifi^ 

during August, September, and October, 1939, afforded an opp 
serve the value of this procedure. Sternal marrow cultures , ^gvsofth 


serve ute value ot tins proceaure. Dienmi t - first 

in each instance, i.e., on the fourteenth, nineteenth, and tw en } jftidif-s 


m eacn instance, i.e., on me louriccutu, _ serologk sn 

illness, respectively. Data concerning other hacteriologic an .ggped. 


in these cases, together with brief abstracts of tlie case is oii 




CASE 1.-AV. E. (Chart No. 27343), a white 
Medical Service at the University Hospital on September J ; ^ioning eUcitP*^ 
loss of appetite, and fever of two weehs’ duration. Further ques lo 
of more or less constant headache, marked constipation, an days .'*;1 


patient told of swimming in the harbor on several occasions 
illness. Examination revealed a very toxic, somewhat email crytl'*''®"' 

« t -I- _ A_ -r OO -rxnr TTITTlllte. SCalt A ■**' ' 




temperature of lOl.-t® F. and a pulse rate of 88 per minute. * ca 
papules, which faded on pressure, were observed over the ches , n ’ mi, a tip ® 


papules, wnicn taaea on pressure, were ooserveu - jongs. i'"'' ; 

sonorous and wheezing rales were heard over the bases of 


<3 . 

spleen was palpable 4 cm. below the left costal margin 


likewise felt. _ -cBtfuH.L 

Aside from cellulitis of the right thigh which subsided un^ hypetP.'''^®*’^ £r.'‘ 

course was entirely typical for typhoid fever, with . on the 

weeks and gradual return to normal by lysis. Bone marrow cu ncgati'’®- 
of the illness was positive, and a simultaneous blood cu uve 
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liter, with Loth 0 and H nutigens, never rose above 1:160. In this instance, the diagnosis 
. having been established by prior positive cultures, bone inarrou' culture was merely of 
I academic interest. 

Table I 

Ca.se 1. Serologic and Bacteriolocic Examinations 


I'lTE 

day of 

DISEASE 

BLOOD 

CULTURF. 

URINE 

CULTURE 

STOOL 

CULTURE 

DONE 

MARROW’ 

CL'I.TURE 

AGGLUTINA- 

TIONS 

9/13/39 

IGth 

+ 




1:1C0 + 

9/14/39 

17th 

_ 


4 



9/1G/39 

19th 

_ 





9/18/39 

21st 




4 


9/19/39 

22nd 


4 




9/21/39 

24th 

_ 




1:80 44 

9/29/39 

31st 



_ 



10/ 1/39 

33rd 


_ 




10/ 8/39 

40th 





1:80 44 

10/ 9/39 

41st 


_ 

_ 



10/10/39 

42nd 






10/11/39 

43rd 


4 





C.\SE 2.— A. F. (Chart No, 2G969), a white female, aged 11 years, was admitted to the 
‘ raiverMty Hospital on August 20, 1939, complaining of malaise and feverishness of thirteen 
' Illness was insidious in onset, with progressive drowsiness, fever, frequent 

hcaJaclieg, and anore.xia. Examination revealed a well-nourished, wclhdeveloped, somewhat 
losic joung girl, whose admission temperature was 105® F. and whose pulse rate was 110 
I*f minute. Nuinerou.s "rose spots" were seen on the back, arms, and abdomen. A harsh 
mitral systolic murmur was heard. The spleen was not palpable. 


Table II 
Case 2 



date 

DAY OF 
DISEASE 

BLOOD 

CULTURE 

BONE 

MARROW 

STOOL 

CULTURE 

URINE 

CULTURE 

AGGLUTININS 

(POSITIVE 
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first definite bactenologie eridenoe of tj-phoid fever was a positive niarrow cultute c 3 tlo 
nineteentli day of illness. The patient’s course in the hospifai was marked by subsidesced 
fever within a week after admission, only to be followed a few days later by lesurrortt d 
hyperpyrexia, associated this time with several x'ositive blood cultures. Eecovciy, IwBt:, 
was essentially uneventful, and the patient was discharged on October 22, 1939. 

Case 3. — D. E. (Chart No. 27929), a white female, aged 14 years, was admittfi) to llf 
University Hospital on October 7, 1939, complaining of maJaiase, fever, and listkssMss r!a4 
began on September 28. Tlie illness was characterized by sudden onset with a cMll folloind 
by elevation of temperature to 104“ F. On succeeding days there was recurrence of cSiiilv 
On October 1, following therapy with quinine, there occurred a generalized wlieallike Cfoyi® 
which lasted for twenty-four hours. Because of a known case of typhoid in the vicicity 
and continued hyperpyrexia, hospitalization was ad^dsed. Examination on ateu.'an 
showed a well-developed, well-nourished white female of 14 years, lydng quietly in W- 
The temperature was 100“ F. and the pulse rate was SO per minute. Tlie remaisdtf ef tb 
physical examination at this time was essentially' negative. The laboratory studies ve.e 
likewise noncontributory. Agglutination studies for typhoid were positive only up k 
titer of 1;80, Pour day's after admission, i.e., on the fourteenth day of illness, bone ek 
row culture was reported positive for E. iyphosa. This was the first definite bactetio op 
evidence of the etiology of the hyperpyrexia. It will he observed that Wood culture, a 
inained persistently negative in this case. 

Table III 


Case 3 


DATE 

DAY OF 
DISEASE 

BLOOD 

1 COLTUKE 

BONE 

MARROW 

CULTURE 

STOOL 

CULTURE 

urike 

1 CULTURE 

ACntEDEi’ 

TW.V 

10/ 7/39 

10th 

1 ^ 




J:S0 t 

10/ 9/39 

12t]i 

1 - 


- 


' 1:50 * 

10/11/39 

14 th 


+ 

i 



10/12/39 

15th 1 






10/13/39 

16th j 





1:S0 - 

10/16/39 

igth 1 

- 


+ 1 



10/19/39 

22nd 

! 


- 


l:t'9 ' 

10/20/39 

23rd 

i 





10/21/39 ! 

24th 

i 

j 

+ 



10/24/39 

27th 



- 



10/23/39 

28th 

- 1 

i 




10/31/39 

34th 

1 




J;(;0 * 

11/ 1/39 

.35th 





^ 

11/ 3/39 

37th 



— 



' 


COMMENT 


Tiie ratiomih fov the haeteiiologic e-xaraitjalioti of Itone 
{lie fact tiiat in this situation one may possibly secure capillaf.' 
as well as material rich in irhagocytic reticulo-endotlierml cc j-cjisib' 

together are believed to offer greater probability of J jjffectio'i- 

r lii' 


than culture of venous blood taken at a distance from the locus 
typhoid fever the growth and jirolif oration of organisms o '- '' 

been known for many years. However, it remained for t m 
relatively simple technique, i.e., sternal puncture, to __ ^,,,.(,5 Joes r’l 


ploitation of this source of bacteria. The limited 


number of 


permit at this time any broad generalizations as to tlie rf*’ 

diagnostic procedure. However, our experience, a.s ivcll a.s a eo ^ 
recent literature, seems to suggest that culture of the 
and constant source of oi'gauisms during the acute disease 


{he f 
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days of tho illness to the end of the febrile period. The procednre is, therefore, 
of value in early diagnosis, but appears to have its greatest usefulness at a 
time, roughly betiveen the tenth and fifteenth daj's of the disease, when current 
diagnostic laboratory procedures arc positive in only about 70 per cent of the 
instances. The further value of this technique, moreover, appears to us to lie 
in its possible extension to other types of infection associated at one time or 
another with bactericinia. 

SUMMARY 

1. Bacteriologic culture of sternal marrow obtained by needle puncture 
on the fourteenth, nineteenth, and twent 3 ’’-first daj's of the illness in throe cases 
of tj-phoid fever was uniformly positive. 

2. Further work seems indicated to establish the value of this procedure in 
fj'phoid fever and other infections. 
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IMMUNOLOGIC TEST FOR HUMAN BLOOD AND HUJMN 
PROTEIN IN STOOLS’*' 


Ludwig Pincussen, M.D., Ph.D., Chicago, Ild. 


T T IS well knomi that protein is generally aixsent in human stools Imt hat 
there are occasional eases in which presence of pi’otein may be shown k 
chemical methods. 


It is of the greatest importance to determine whether such protein found in 
the stool is derived from food not sufficiently digested or from the Iniman body 
because of the vastly different significance of these findings. Hence it soems of 
practical value to have a rcadil 3 ’- available method b}" means of v’hich pret® in 
the stool can be easilj' identified as being derived from the human body. 

Since rve have no special chemical test for human blood protein, we roiiM 
make use of immunochemistiy. Injecting human serum into rabbits, the anti- 
serum developed after a certain length of time will react in a specific way, givinf 
a specific precipitate with human serum protein. . , 

To prepare this antiserum (precipitin), human serum free of hcmogloh® 
diluted ten times with saline and after being sliglitly acidified (to pH 6'’) : 

absorbed on the same volume of aluminum cream following the procedure o 
Hektoen and "Welker. After centrifuging until no protein is left in 
natant fluid, the fluid is discarded and the remaining precipitate is , 

saline so that 1 c.e. of this emulsion corresponds to 3 c.c. of diluted or 0.3 c-c- u 
original seimm. Twentv cubic centimeters of this emulsion are injected 
ent places in the muscles of the hind legs of a rabbit foi’niing a fe^' depo-hs ‘ 
which the protein may he absorbed into the blood. The antibod.' iais 
reached a maximum at the end of two weeks. After a test has shown a 
of 1 ;100,000 with human serum, the rabbit is bled to death and tlie se^ 

readj’- for the test. It is kept in the refrigerator for further use. 

For the stool precipitin test the stool is well mixed so as to scciuc a i , 
distribution of the protein in tire stool. As it is rather difficult to 
pletely uniform stool mixture, several portions of the well-mixed stoo 
to be examined. The stool specimen is thoroughly mixed with jp. 

0.9 per cent sodium chloride solution. The stool suspension is cenUi 
supernatant fluid is Altered through good filter paper, and the |,y ■; 

turned to tlie filter until the filtrate appeal’s clear. Clearing t e ; 

use of adsorbents, such as kaolin or Fuller’s earth, or by nsing a 
filter is not admissible, as bj' sucli procedure protein would be renio'C 


as the filtrate is clear it is ready for the test. j jr.?;. 

For the test we employ very small test tubes, 3 mm. in 
high. Pipettes with very fine points are made from glass tuhmg- 

. of " 

•From the Department of Phvsioloeical Chemistry and the I^aboratorj 
and Therapeutics, University of Illinois College of JlcdicSne. 
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these pipettes we place in the tube a small amount of stool filtrate so that the 
tube is about one-third filled. "With another fine pipette we laj’ about the same 
amount of antiserum below the stool filtrate, taking care that the point of the 
: pipette goes through to the bottom of the tube. If human protein is present, a 
white ring — the specific precipitate — will develop at the border of the two 
layers. In case the protein content is rather high, tlic ring will appear im- 
mediately. If no ring appears within one hour, the test is negative. 

The reaction is specific for human protein and is negative for protein 


from food or bacterial bodies. Hence if positive with stool extract, it is specific 
ifor colitis, exudates, or bleeding from the colon. 

; For differentiating between exudate and bleeding the absence or presence 
of human blood corpuscles must be determined. This can also be done iin- 

- nuinologieally, testing by the precipitation method for liuman hcmoglo})in. 

To prepare an antiserum for human glohin, rabbits arc injected with a 
• solution of human hemoglobin. This is prepared by bcmolyzing thoroughly 
. washed human corpuscles by adding slowl}'^ a small amount of ether (10 to 12 
, drops to 100 C.C.), shaking two to throe minutes and repeating tliis procedure a 

- until the corpuscles are completely liemolyzcd. This solution is mixed 
; ^ith three parts of aluminum cream and ccntidfuged. The clear red solution 
. ‘^'ivoid of serum protein and containing the hemoglobin may be used as an 

antigen for producing a precipitin specific for human globin. Injecting a rabbit 
c\ery third day with increasing amounts of this solution, 1 c.c., 2 c.c., 3 c.c., 5 c.e , 


: njid 10 c.c., one week after the last injection the scrum may give the 

pi^cipitin tc-st \nth a hemoglobin solution 1 :100,000. The test is made in the 
same way as described before for proving the presence of human protein. Posi- 
tive test of the stool extract with this antiserum demonstrates the presence 
n uman globin and thus of hemoglobin, and shows, together with tlie positive 
■ t^''t for human blood protein, that bleeding occurred some place in the intestine. 


CONCLUSIONS 

I'^Gcipitiii reaction, using as antibody a .specific human scriim-rabliit 
' presence of human blood protein may be detected in human 

. ^ Using as antiserum a human hemoglobin-rabbit antiserum, the presence 
i' ^oi'PBscles or derivatives thereof can be demonstrated. 

■ y^sitive precipitin reaction of stool extract with both serum antiserum 
f ' •'‘‘iliserum is charaeteristie for bleeding, whereas precipitin reaction 

Y‘ -'‘iitiserum and negative test with globin antiserum will indicate an 

; 4 bowels as produced by an exudative process. 

with dilutions of the feces extract will give a rough quantitative 


ANTHRAX IN SHAVING BRUSHES*' 


R. V. Stone, P.A.P.H.A., Los Angeles, Calif. 


T he finding of anthrax spores in toothbrushes, liairbnishes, or shaving bruslies 
occurs infrequently. Smyth (1939) reviews a twenty-year survey of aiithras 
in the United States.^ In his tabulation of “Cases and Deaths bySonrceo! 
Infection’’ appear 2,044 cases and 136 deaths where the source of infection is 
other than ‘ ‘ transportation, ’ ’ “ agricultural, ’ ’ or “professional. ’’ Such definite 
commercial commodity data have been adapted to Tables I and II. 


Table I 


Anthrax Cases and Deaths Having Definite Trade Com.mowtv Sources of Isixot-''' 

1929-1938 Inclusive 


rOMMERCUL COMMOIHTY j 

cases 

DEATHS 

total cases 
(per cent) 

total pfaths 
(PER CESI) 

“5 

13+ 

19+ 

Hides and skims 

Wool 

Hairbrushes 

Shaving brushes 

1,113 

505 

207 

159 

58 

34 

IS 

21) 

54+ 

2S- 

10+ 

8- 

Total 

2,044 

13(> (7 -%) 


— ^ — - — 


+ signiBes slightly more than the whole number given. 
- signifies slightly less than the whole number given. 


Table II 


Comparison of Commercial Commodity Sources of Infection 


CO.MMERCIAL CO.M.MODITY 

('ASKS 

deaths 

Hides and skins 

1,113 

58 

Wool 

505 

34 

Hairbrushes 

Shaving brushes 

207 

159 

18 

20 


With De.whs BErORit® 



Tables I and II emphasize that, although shaving brushes per- 

less than 8 per cent of this gi-ouping of industrial cases, yet the 
centages of deaths occur in the shaving brnsli source group- 
eularitj' of tissue exposed and the minute nicking of the fo’ 

ing both favor the introduction of the organism into a suitable eiun' 


propagation.! _ •, inie lahofi'*'"'' 

The isolation and identification of Bacillus anthracis aie sn 
tasks. However, in the examination of suspected shaving an 
material, a “hnneh’’ in our own experience seems worthy or lepo 
denee of extending sampling a bit further than in the exannna ion ^ 
or bristles of the brush proper. jg due 

Smyth contends, “The latest outbreak of shavdng hrnsi .{gd fro'' 
shipments of cheap brushes made from ‘sterilized’ horsehau, i,i oa 

Japan.” We were interested in the possible presence of sue 
community. 

• From the Public Health Laboratories, Los Angeles County 
Angeles.” 


,, Health DwarU” 


neat. U) 


Received for publication, April 1. 1940. t^lltv rate of fro® 

fConceritlng shaving brushes, Smyth states, "They have a fa 
to 60 per cent.” 
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Early in 1939 our sanitary inspectors were asked to find out if “Imperial, 
Sterilized Japan, 332” shanng brushes were in stock for sale in our local stores. 
Only one .such brush wa.s found. It was purchased in n 5 and 10c store, by 
inspector W. G. 'NV’cjTnouth of our deparlmciit. The bnisli was sealed well in 
cellophane, and was an attractive appearing piece of merchandise. Much to 
our surprise, this single sample yielded anthrax organisms by direct culture 
and from guinea pig inoculations. This brush was the only one of this brand 
found still unsold. 

hadio and press requc.st.s ^veI'e made in order to contact purchasers of this 
brand of biush. Nine used bnishes were .subniilfed to us as a result, one being 
received from a mountain town about 350 miles distant from Los Angeles. 

These bnislies had been in active use by the owners; none yielded anthrax 
organisms from tlie brush portion. Only one of Die o^\^lers felt that he had 
experienced an “infection.” This man .stated that he had bought the brush 
al»out a year before. He ”now recalled” tiiat he liad probably experienced an 
anthrax infection following the initial use of the brush. Our interested inquirj' 
as to what kind of symptoms be experienced brought the reply of “no sores, 
but a peculiar feeling under tlic skin.” "We asked “Wliat sort of peculiar 
ftding!” The answer was “Oh! like ants crawling around under the skin, 
you know, ant tracks!” Thus is our terminology sometimes misinterpreted 
by the layinan. 

e did not expect to recover anthrax from these used brushes, but examina- 
tinn of the merebandLso led to an attempted innovation in .such an examination. 

The handles of hard wood were broken open, and the resinous brittle gum 

PHished. liberating the ends of the hairs from their protective seal. The 
•anale end of the hair xvas then subjected to culture and caxw procedures. One 
f ^ine yielded a luxuriant growth, and gave typical post-mortem evidence 
’naean-; the heart-blood culture yielded pure colonics of anthrax. 

^ bnish had hecn purchased either late in 1937 or early in 
' - and had been in constant ilso up to March, 1939, it i.s interesting to oonjec- 
ure on whether or not the actual biii.sh tuft portion had been effectively steri- 
after tlie handle and hair liad been put together, or had the user simply 
fortunate is not contracting anthrax during the period of 61*31 use, before 
''J^Pores were removed as a result of the daily washing out of the brash? 

SU3IM.\BY 

fhe handles of bri.stle or liairbru.shes, removal of the handle 
hairs, and subjection of this portion of the hair to cultural 
P^o^'cdures.for the demonstration of anthrax, yielded a positive 
in one of nine used shaxring brashes of Japanese manufacture. 


REFEBEXCES 

1- .'k. T 

Suney of Anthrax in the United States, Sixtli Report of the Committee 
r; t, Industrial Hvgiene Section, A, P. H. A.. October 18, 19-39, Dr. Henrv 

^‘airman. ' 

publication approved bv Dr. J, L. Pornerov, Los Angeles County Health 
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LABORATOEY STUDIES IN THE FALCIPARUM MALARIA OF DRUG 

ADDICTS® 


Harkv AIost, M.D., ax» SIargaret H. Tewksbury, M.D., New York,N.Y. 


T he literature contains many clinical pathologic studies concerning tlie dis- 
ease of malaria. Tlie recorded observations deal with the various types of 
malaria resulting from natural mosquito infection, and more recently, Irom the 
malaria induced for the therapy of nervous system syphilis. Except for t e 
notes on ‘'Laboratory findings” contained in Helpern’s paper, ^ we lia^e een 
unable to find any clinical pathologic studies of the falciparum malaua o 
drug addicts resulting from the common use of hypodermic syringes ot 
t ravenous lieroin administration. 

Falciparum malaria in drug addicts is now a well-established mid 
nized entity in New York City and probably also occurs in coiisi eia e n 
bers in other large metropolitan areas. Studies on the epidemiology an 
aspects of the disease are reported elsewdiere.* . 

During the past sLv years we have had the opportunity of 
over two hundred drug addicts suffering from falciparum ma ana 
as a result of the common use of hypodermic syringes for 
administration. All clinical varieties of falciparum malaria veie ® 
including fatal cerebral, gastrointestinal, and of this 

man}’- eases detailed laboratory' studies were carried out. It is le o 
paper to present the findings of these studies. 


MATERIAL AND METHODS 

The patients studied in this series Avere drug addicts in 
diagnosis of falciparum malaria xvas made. They were liospi gg^vict 

and treated on the W'ards of the Third Aledical Division an i® 
of the Psychiatric Division of Bellevue Hospital, Neiv 1 oi v. 

Blood counting was done xvith the aid of certified blood il«! 

globin was determined by an acid hematin method using a i yyintroli 
colorimeter. The mean corpuscular A'olnme was determine y 


method. 


The nonprotein nitrogen ivas done by' the micro-Kje a i 
sugar by' the Folin-Wu method; serum bilirubin by the ! fiuul 

and plasma proteins by the tyrosine method. The protein m 
precipitated and determined by' the micro-Kjeldahl met ® . yyallaec !>" 

Urobilinogen Avas determined by' tlie dilution 
Diamond using Ehrlich’s reagent (paradimethylaminobenza ^ P„-.vernu- <:?f| 

•From tlie Departments of Medicine and ^iinical PatholoSJ . psyclna^ 

of Medicine ; and the Third Medical Division and the Mecticai bb 
ot Bellevue Hospital, New York. 

Recei%'ed for publication, April 19, 1940. 
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Table I 


Hematologic Data ox Admission' 


Eed Blood Cells 

E.B.C. millions per c.mm. 

Cases 

1-1.9 

o 

2-2.9 

19 

3-3.9 

19 

4-4.9 

27 

Over 5 

7 

Hemoglobin 

Grams per 100 c.c. 

Cases 

Less than 5 

2 

5-10 

32 

10.1-15 

36 

Over 15 

3 

ilean Corpuscular Volume 

Cubic microns 

Cases 

Less than 80 

G 

80-94 

9 

Above 94 

9 

VThite Blood Cells 

W.B.C. tliousands per c.mm. 

Cases 

Less than 5 

9 

5-10 

35 

Over 10 

31 

Lowest count 3.25 

■ Highest count 46,00 

Monocytosis (above 15 per cent) 

Cases 

Present* 

if> 

• Absent C3 


•Ingested plsment frequently found. 


HEMATOLOGIC OBSERVATIONS 

Red Blood Cells, UeinogJohin, and Mean Corpuscular Vohcnie, — In the 
jmatologic tables one sees that in about half the individuals studied, consider- 
j ® sBeniia existed. In 28 per cent the red blood cell count ranged between 
w ^ J ^ cells per cubic millimeter and in 46 per cent the hemoglobin 

^as re uced below 10 Gm. per 100 c.c. On the other hand, in many individuals. 


The 


malarial infection, little or no anemia existed. 


roean corpuscular volume was determined in 24 patients. The results 


In ^9^^ showed that the size of the red blood cells is in the normal range, 
torn however, there was definite macrocytosis. Since there is no 

^nother^ ^^^largement associated ■with the development of P. falciparum, 

are ^^P^^oation must be sought for the macrocytosis. Certainly these cases 
insuificieney and possibly by liver damage. These 
account for the phenomenon of macrocytic anemia. It is of interest 
Ijlood ^ Bromfield,^ in studying the average diameter of the red 

‘ ^ Patients with P. falcipamm infection (not drug addicts) by the 

Puein all within the normal range. He doubts the existence of 

> i'ldiet ■ anemia in uncomplicated cases. Certainly the disease in the drug 
^‘'■^ciated uncomplicated malaria. Prolonged dietary inadequacy 

^th chronic drug addiction, in manj' cases alcoholism and intrinsic 
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Table II 

Blood Chemical Data on Admission 


Nonprotein nitrogen 


Milligrams per cent 


Cases 

20-35 


41 

3G-50 


13 

51-100 


8 

Blootl 

sugar 


Below 100 


23 

101-150 


0*1 

151-200 


c 

Serum 

bilirubin 


0.5-1.0 


17 

1.1-2.0 


15 

Above 2.0 


IS 

l''an lien Bergli 

(direct reaction) 


Result 

Cases 

Immediate 


IS 

Delayed 

Negative 


IG 

13 



Plasma 

Proteins 

Studied in 

19 Cases 

Serum albumin* 





Gm. per 100 e.c. 

3.0 3.7 

3.4 

2.6 3.4 

3.5 

Serum globulin 

3.5 3.4 

3.1 

3.2 2.8 

2.8 

Total 

6.5 7.1 

6.5 

5.8 6.2 

6.3 

Serum albumin 

2.4 2.1 

3.0 

4.0 2.3 

2.4 

Serum globulin 

2.4 2.2 

1.6 

2.5 2.2 

2.1 

Total 

4.8 4.3 

4.6 

6.5 4.5 

4.5 


Analysis of Plasma Proieins 


2.7 
2.0 

4.7 

2.5 

2.7 

5.5 


4.1 

3.4 


2.2 

L6 

3.S 


Serum albumin 


Grams per 100 c.c. 

Cases 

2.0-3.0 

12 

3.1-3.7 

4 

4 or over 

3 

Serum globulin 

Grams per 100 c.c. 

Cases 

1.5-2.8 

13 

2.9-3.5 

6 

Albumin-Globulin ratio 


N ormal 

i'g 

Reduced or inverted 


‘Normal values Albumin 1. 0-5. 3. 

Globulin l.S-2.7. 
Total 6.5-7.9. 


2.1 

3.0 

5.0 

5.3 

2.2 

7.0 


2.0 

2.S 


or malarial liver disease, may constitute factors in the mechanism p,j]aria' 
seen in these addicts, in addition to that directly dependent on 
infection itself. pgint of 

^yllite Blood Cell Count and Monocytosis.— From a ffilh 

the ivhite blood cell count and the differential foinma, e g^ries 

35 eases. 

12 of h') 

in tvhicli a differential count tvas done. Unfortunately * aid. 


view 


l/XAVy ♦tiAALC WiUUU. V5C11 UULllll* aiAVA Jn OUl’ * 

reference to the number of monocytes, is seen to be of little 5 a ii^^^^ 
the white blood cell count wms found elevated in 31 cases, noi 
and less than normal in 9 cases. Monocytosis w'as seen on } ga ni«tf’ 


stressed in texts, would appear to be of little value as a 
presence of ingested pigment, however, is strong piesump 
malarial infection. 


of 
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BLOOD CHEJIICAL OBSERVATION'S 

Xonprofein Nitrogen. — The blood urea is frequently elevated in falcipamin 
'malaria. The nonprotein nitrogen was determined in 62 patients. Values be- 
tween 51 and 100 milligrams per cent wex'e found in 8. In two of tliese patients 
kidney disease (acute or chronic glomenilonepliritis) was known to exist, but 
in the remaining 6 the elevation was felt to be associated with tlie malarial 
process and was dependent on one or more of the following : dehydration, vomit- 
ing, anoxemia, anemia, and hemoconcentration. In the cases in wliich recovery 
followed treatment, but no kidney disease existed, the values returned to normal 
very quickly. 

Blood Sugar. — The blood sugar was found elevated above 150 milligrams 
per cent in 6 patients. In these one or more of the following was present: 
severe vomiting, hemoconcentration, high fever, anemia, or impaired liver func- 
tion. We feel that one or more of these factors in our scries may explain tempo- 
rarj’ derangement of the carbohydrate regulatory mechanism. 

Senoji Biliruhin. — ^Values of serum bilirubin up to 1.0 milligram per cent 
iicrc considered normal. Sixty-six per cent of the persons studied exhibited 
hyperbilirubinemia. In the eases in this series, whenever the height of the serum 
bilirubin was considerable, the van den Bex'gh reaction was of the direct im- 
' type. The higher levels were associated also with moderate anemia and 
. icterus, as well as with urobilinuria, 

Bksma Proteins. — Tlic total proteins were reduced below 6.0 Gm. per cent 
n of 19 individuals whose plasma proteins were studied. In the main this 
reduction, as well as a lowering or inversion of the albumin-globulin ratio, was 
due to the depression in the value for serum albumin. Tlie latter values were 
considerably below normal in at least 16 of the total number studied. Values 
■ or the serum^ globulin, on the other hand, were essentially normal, although 
definitely increased in 6 patients. 

SPINAL FLUID 

b is surprising that in the face of the severe involvement of the brain, which 
ccuricd so often, relativclv few clianges were observed in the composition of 

spinal fluid. 

/ 

SEROLOGIC DATA 

reaction was strongly positive (4 pins) in 15 patients, 

■ ' incM ^ in 2 and doubtful in 3. Even thougli one may concede a greater 

r Per SiTbilis among drug addicts, one would hardly expect sneh a high 

if the positive 'Wassermann is interpreted as evidence of 
•• heioU In 8 persons in wiiom the TVassermann was 4 plus at the 

t po?V ° nialaria, tlic reaction was negative after recoverj'. Two weakly 
I *'™ 'lonhtful reactions likewise became negative after recovery 

' ; in "’’’l-'U'ia. That the Wassermann reaction in malaria may he positive 

•i' hr. '“““'a of syphilis is well appreciated in tlie tropics and elsewhere* and 
; "'emphasized in this series. 

V Ihht'T^* Flocculation Test for Malaria (Chorine Modification ),'^ — 

formed Positive in the 25 patients in whom it was carried out. We per- 
' only as a matter of academic interest, since in all cases the diagnosis 


Tabm III 
SwNAi, Data 


ClcJir 2^ 

Grossly bloody (not technical) not xanthochromic 2 

•^tmtliodironiic 2 

^Vliite blood cells (more than 10 per c.mm.) 2 

Globulin present 

Globulin absent jg 

Hedncing substances present 25 

Beducing substances absent 0 

Wassermann negative 25 

IVasserniann positive 0 

Colloidal gold curve normal 25 

Colloidal gold curve abnormal 0 

Chemical — Quantitative 

Protein— mg. % Cases 

5-15 6 

16-30 1 

Sugar Cases 

40-60 3 

61-90 5 

Cldorides Cases 

Below 700 5 

700-750 4 

Above 800 1 


Table IV 
Sekologic Data 


Blood Wassermann Beaction 
Eesult Cases 


Strongly positive 16 , 

Weakly positive 2 

Doubtful 3 

Negative 46 

Henry’s Serum Flocculation Tost for Malaria (Chorine Modification) 
Performed in 25 cases 

Dilution Cases 


1:200 S 

1:450 10 

1:1,000 6 

1:1,200 3 

Positive serum is one showing flocculation rn 
dilution of 1:200 or higher. 


Table V 


Urinary Findings 

Examination 

Albumin 

Acetone 

Eeducing substance 

Bile 

Casts 

Bed blood cells in excess 
Methemoglobin 

Urobilinogen 

Dilution 

1:20 

1:40 

1:80 

1:160 

1:320 

1:1,000 and above 


Positive 

27 

5 

5 

7 

12 

10 

2 


Cases 

17 

13 

13 

12 

6 
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lias established previously by an examination of a stained blood smear. The 
test may be of value if plasmodia cannot be found, as in latent or chronic or un- 
usual forms of malaria. 

URINARY FINDINGS 

The urinary findings were not striking. Albumin, acetone, bile, reducing 
substance, and mctliemoglobin ivere present in small amounts, and red blood cells 
and casts in small numbers. Any or all of the findings enumerated in Table V 
may be explained by the malarial infection per se. On the other hand, cerebral 
involvement, vomiting, starvation, dehydration, diarrhea, ingestion of other 
dregs, hemorrhage, and intravascular hemolysis, which operated in many cases 
in this series, might equally serve to explain the urinai’y findings here reported. 
The output of urinary urobilinogen is also represented in Table V. It is of 
note that in 46 persons values of 1 :40 dilution or higher were found. Hemo- 
globinuria appeared in the two patients with clinical blackwater fever. 

summary 

The clinical patholog}’ of falciparum malaria of drug addicts is presented. 
tVne of the laboratory findings, other than direct blood smear examination, 
n diagnostic of the disease. On the whole, the laboratory observations are those 

in natural and induced malaria. Tlie outstanding findings are : 

1. Anemia, which may bo macrocytic. 

2. Hyperbilirubinemia with an altered van den Bergli reaction. 

3. Hypopreteinemia, due on the whole to depression in the value of the 
serum albumin and resulting frequently in reduction or inversion of the albumin- 
globulin ratio. The serum globulin may be considerably elevated. 

A Relatively high incidence of positive AVassermann reactions. 

5. Positive Henry’s flocculation test. 

6. Increased urinary output of urobilinogen. 
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A COTTON-PLUG WRAPPING MACHINE FOR BACTEEI0L06IC 
CULTURE TUBES AND BOTTLES 


L. L. ICewpe and H. R. Shipman/' SIinneapolis, SIink. 


J „ Jaeteriologic laboratories large numbers of cotton pings are required 

01 use as stoppers in culture tubes, flasks, and bottles. Tlie demand for 
h large where water samples are tested bv tlie Jlost 

^0 a e umber method. It has been found that considerable experience is 
necessaiy before an individual becomes sufficiently skilled to make good plugs 
y ran methods at even a reasonable rate. It seemed probable to n.? that a 
simp e machine could be constnicted that would produce better pings at a faster 
^a. e. a maeliine ivas put together Horn miscellaneous materials at hand 

m our laboratory. It consists of the following parts; 

1- A one-thirtieth horse power, induction wound, electric motor, 
fit ^ niandrel fashioned from a sixteen-penny finishing nail which was 
e to a tiiangularlj' tapered point, and then polished with fine sandpaper. 

.A gear-operated speed reducer connected direetl.v with the motor that 
turned the mandrel approximately 170 r.p.m. 

4. A foot sivitcli of the instantaneous action, circuit-breaker type. 

The motor and speed reducer are one unit which was originally desigaed 
to revolve a brush used in xvashing test tubes. The chuclc, in which the test 
u e 1 ush was formerly placed, is used to hold the mandrel. In order to adapt 
ns machine for use as a test tube plug Avrapper, it was mounted finnly P” 
Avor v bench. This was accomplished with two “C” clamps purchased at a 
hardware store. 

Fashioning of the mandrel ivas relatixmly sim])le. A sixteen-penny nad 
wms placed in a vise and the head was filed oif. The ends were then reverse 
in t le vise and the nail was filed to a triangularly tapered point '"hieh wa- 
about three-fourths as long as the plug desired. It is extremely important o 
po IS 1 the mandrel because file marks or otlier irregularities will catch co a 
ers and make the plug difficult to remove. The polishing operation , 
earned out vdtli lengtlnvise strokes, using very fine sandpaper. The nnisi 
mandiel mounted in the chuck on tlie electric motor is shown in F _ 

A sensitive, instantaneous action foot sivitch is necessary to provide po-' 
tive control of the motor. Onr first switcli ivas made from a doorbe _P ^ 
mtton mounted between two boards. This has proxmd satisfactory. - 
switch made for photograph enlarging machines could he adapted for |^. 
this machine. Such a switch can be purchased at most photographic 
stores. 

— ^ (if 

Health.^MinneapoUa'’'"'^ Health Engineers. Division of Sanitation, Jlinnesota D® 
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OOTTON’-n-UO WBAWIXO MACmA-'- 


lO-tl 


KKMfK-.SHn...AN . COTTON-. 

0, Option 

i . . .p...oa ..o ... oc ...uc n«. ^ 2rt 

,, A voU Ot cotton ;,Uo tUfcc tlnctaiosses. each 

,„he l>lug« au ^.m mahe several plugs). 

cufmto low sVvn« («'>» ^'”1 .^eed over the \,,,iVch, and 

C One cntl ol a coUon strip '■ P depressing Uie ® 

“■ P- 9 The machine rs started "I “ t (,ceumrrVatcd. 

, i,i„g is shaped hetrveen the ^ ^ ^ 

•. hand. 



FlK- 3. 


OTilvcl Is foemea Uom a 

l.I«c»: or c,u.ca .a„a aiaaOro. sOorvln. acaen.- ,,, A 

7'V™^Lrri"L"ta „o.ar IS stoPeecl. 

t<«t Switch <not showiv) starts and Stop . from tue mand^ 

Fig:. 3.~The fltiifhcd: plug is tjasily P ■ from tiw 

3. At tins point, rvifli the machine still ">nnr^i«. Varying pres- 

I'luc ivhicli is their finished rvith J 5 ,l,.dness oi the finrshed plrv ■ 

wre ot the fingers rvill vary the tightrress . 

A finished plug is shown in Fig- 3- , the motor is ’ 

■1. The foi'mcci plug is now Hriandvi 'Van Vromoly hard 
and the plugged tube is removed from _ , ^ about one-fiuc. 

i'as been made, it may ho neceirsary to wis to detach the P nS c 

"Hwitc to the dircetion of formation rotati laachine orighiaily con- 

Aftor almost one year of continuorisoperat^^^^ received 

'■hiietcd is still in good operating eondiuo • 
consisted of occasional cleaning nnd greasm 



A COTTON-PLUG AVRAPPING ]\L\CHINE FOR BACTERIOLOGIC 
CULTURE TUBES AND BOTTLES 


L. L. lucMPE AKD H. R. Shipman,*' AIinneapolis, JIixn. 


I 


N MANY bacteriologic laboratories large numbers of cotton plugs are lequiie 
for use as stoppers in culture tubes, flaslcs, and bottles. The demand or 
such plugs is particularly large where water samples are tested bj the i os 
Probable Number method. It has been found that considerable expeiienw is 
necessary before an individual becomes sufficiently shilled to make goo p 
by hand methods at even a reasonable rate. It seemed probable to us a a 
simple machine could be constructed that would produce better plugs at a as 
rate. Such a machine was put together from miscellaneous materia s a 
in our laboratory. It consists of the following parts: 

1. A one-thirtieth horse power, induction wound, electric motoi. 

2. A mandrel fashioned from a sixteen-penny finishing nai 

filed to a triangularly tapered point, and then polished (pj. flat 

3. A gear-operated speed reducer connected directly ivi 

turned the mandi-el approximately 170 r.p.m. • u. v • time- 

4. A foot snatch of the instantaneous action, circuit- 

The motor and speed reducer are one imit which the test 

to revolve a brush used in ivashing test tubes. The chuc'-, m 
tube brush was formerly placed, is used to hold the man re . n 
this machine for use as a test tube plug wrapper, it was at e 

work bench. This was accomplished with two C c amps 

hardware store. . t \ sixteen-penn.v nail 

Fashioning of the mandrel was relatively simp e. ^ I'evfi’sed 

was placed in a vise and the head was filed off. The en s 
in the vise and the nail was filed to a tifiangulaily important to 

about three-fourths as long as the plug desired.^ It is cotton 

polish the mandrel because file marks or other iiregu ai'i^ operation shonl'l''^ 
fibers and make the plug difficult to remove. The po is j. tJic fhiht’^ 

carried out ivith lengtlnvise strokes, using very Jp pig. 1. 

mandrel mounted in the chuck on the electric mo or is ^ peovih® P'’-’" 

A sensitive, instantaneous action foot switch is ^ ^ cioorlieh P^' 

five control of the motor. Our first switch was ±^gtory. A 

button mounted between two boards. This has ® adapted for 
switch made for photograph enlarging machines coi photographic s«PP- 

this machine. Such a switch can be purchased at most i 


stores. 


»Assistant Public Health Engineers, 
Health, Minneapolis. 
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to clinical use. That of Kodicek' employs p-aininoacotopheiionc and few enough 
operations to be an apparently satisfaetoiy routine method. 

The reliability and simplicityof the method to he described as tested by 
Its application to approximate!}' 250 blood specimens seemed to warrant a de- 
tailed report. 

DETERMINATION 

Apparatus and Reagents . — Any photoelectric colorimeter, or as was used in 
this laboratory, a Coleman “DM” photoelectric spectrophotometer. 

10 per cent sodium tungstate and 2/3 N sulfuric acid. 

2 per cent potassium dihydrogen phosphate, hydrochloric acid (36 per- 
cent) and 10 N sodium hydroxide. 

f per cent aqueous cyanogen bromide, made fresh before each group of 
analyses. The solid material may be purchased from Eastman and keeps well 
in the icebox. 



At? I'licktnt Acid Time ( minutes) 

Fis. 1. FlE. 2. 

between light absorption at X = 400 nw and amount of nicotinic 
2— p ♦ sixty minutes after start of color development. 

Rate of color development in the dark usings 10 of nicotinic acid. 


Satiiriited p-amiiiophenol (“metol”). Dissolve approximately 5 6m. in 
hefo! ' '™ler, shake for five minutes, and filter. This must he made fresh 
dories of analyses. 

"ater f u cubic centimeters of oxalated blood is hemolyzed in 35 c.c. of 

of 2/3 }{ ^ sodium tungstate and witli shaking 5 c.c. 

*'tleen i ■ After standing for ten minutes, it is centrifuged for 

r.p.m. to obtain the maximum amount of filtrate. The 
any floap*'* filtered through a moistened filter paper to eliminate 

P'S precipitate, and 30 c.c. of the clear filtrate is measured into a 50 c.c. 
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centrifuge tube bearing a mark at 10 c.c. The tube is immersed m boilia" 

wTrZ "Vr* '' 

. . mailv. (Tn practice 4 or 6 tubes may be treated simultaneouslv re 
theTfe tjeiity.five minutes for the operation.) l\^ater is addeiito 

he 10 e.e mark and 1.6 c.c. of concentrated (36 percent) hydrochloric acid is 
added and mixed. Tlic tube is immersed in a boiling n-ater bath for fifteen 
mutes, cooled, and neutralized to pH 5.0 with 10 N sodium hydroxide (ap- 
proximately 2 c.c.) and xxdth 0.5 N sodium hydroxide as pH 5.0 is approached, 
IS can e done with sufficient accuracy by removing small samples ivith a 
g ass rod and testing on Hydrion A* indicator paper. The tube is replaced k 
e 01 nig xvater bath and with the air stream is evaporated to the point 
w reie salt begins to crystallize out (appiroximately 2 c.c.). It is centrifuged 
briefly and the liquid is poured off into a test tube marked at 6.0 c.c. Two 
suceessix'e small additions of water are added, xvashing down the walls. After 
centrifugation the water is poured into the test tube to the 6.0 c.c. mark and the 


contents are mixed. This tube is labeled A, from which 2.0 c.c, portions are 
iemo\ed to tubes B and C. Tubes A and B each receive 2.5 c.c. of 2 per cent 
acid phosphate, and tube C receives 2.5 c.c. of 2 per cent acid phosphate 
containing exactly 4 fig of nicotinic acid.' The tubes are placed in a water hath 
maintained at T5‘= to 80° C. Tube A receives 0.5 c.c. of water, tubes B andC, 
0.5 e.c. of 4 per cent cyanogen bromide. After mixing they are allowed to remain 
ioi fir e minutes, cooled, and 5.0 c.c. of saturated p-aminophenol are added in 
each. The tubes are inverted for mixing and are placed in a dark closet for one 

houi, at which time they are ready for photoelectidc measurement of the yellon 

color produced. 


^ ^ If the spectrophotometer is used, tlie contents of tube A are poured ink the 
solvent ’ tube, then the transmission of B and C successively measured at nait 
lengtli A = 400 m/x. In the case of the photoelectric colorimeter, a filtor trans 
mitting maximally at this rvave length should be used. Since the color of 
^ ue both to the unknown amount of nicotinic acid + 4 /ig of nicotinic acid (rooe 
ing rinder identical conditions as the unknown), tlien the amount of uicoUn 
acid in the unknown can he expre.s.scd as ; 



fog 

iog *Vic ~ hog ^Viu 


X 4 fig 


and in milligrams per cent of total nicotinic acid in the blood, 0.1 U- 

In the ease of the photoelectric colorimeters, the “^m’o" reading ^ 
set with tube A, then the relations above are similar except tlmt the Ob 
galvanometer readings are utilized. . 

Tlie use of tube C is generally necessary in nicotinic acid 
salt concentration differences, pH, etc., may affect the amount of 
tained during the coupling reaction. In the case of blood analysis r'” 
eon itions it was found, hoxvevei’, that the same amount of eoor " ‘ 
ai y obtained from 4 /ig of nicotinic acid in the presence ° t 
) ood f iltrate as in pure solution. In practice, therefore, the ’’ 


‘Distributed by R. p, Cargille, 118 Liberty Street, New York, N. T. 
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eluded only occasionally. 'With onr instriunent and cells 4 /ig of nicotinic 
aeid gave a log = 0.160 ± 0.004. The useful range of the instrument employed 
includes values up to 1.8 mg. per cent (fasting level 0.34 to 0.45 mg. per cent). 
If higher values are expected, smaller samples should bo used for analysis. 

For nicotinic acid analysis in urine, 15 c.c. of the urine are mixed with 
2.0 c.c. of 10 N sodium hydroxide and heated in a boiling water bath for thirty 
minutes. After cooling it is neutralized with concentrated hydrochloric acid 
to pH 5.0 and water is added to 20 c.c. Two cubic centimeters of this solution 
(one may expect from normal persons in the order of 5 /ig per cubic centi- 
meter of urine) or appropriate dilutions thereof arc put into tubes A, B, and 
C, as described under iMethod. 

• In this case it is essential to determine for each urine or dilution, the 
color yield” of a standard amount of nicotinic acid under the conditions used 
(difference between tubes B and C). 


Table I 


Reprodvcibility or Blood Nicotixic Acid Deteumination's axd IUxovery Experiments 


SVMpLE 

NICOTINIC ACID 
ADDED* 
(MO./lOO C.C. 
BLOOD) 

THEORETICAL 

(MO.%) 

EOUND 

(M0.7r) 

RECOVERY 

(%) 

1 



0.36t 

__ 



__ 




0.40 

0.75 


-5.3 


O.GO 

0.93 


-3.2 



1.35 

1.18 

+2.0 


1.00 

1.35 

1.34 

-0.7 


1.50 

1.85 

1.74 

-c.n 

- 



0.39t 

__ 




__ 

0.38t 



0.20 

0.59 

0.59 

0.0 


0.50 

0.89 

0.85 

-4.5 


0.90 

1.29 

1..31 

+1,5 



1.50 

1.S9 

1.86 

-1,6 

ia norttul saline. 


orrectefl for the tlilutlon of the blood caxised by adding saline. 


mi 

mefh 1 ^ described is essentially a compo.site of several tested 

m Tahl^' '^Psigned for clinical use. The data eolloeted in Figs. 1 and 2 and 
strait with the procedure described (a) a perfectly 

^=” 400 ”^^ was obtained between the log of the transmission at 

f'fthp ninount of nicotinic acid; (b) that in the development 

from fift I’caction is 95 per cent complete in forty minutes, and constant 
■ categ lo ninety-five minutes standing in the dark; (c) that in dupli- 

P(‘r ^ single specimen of blood, i-esults arc reproducible within 6 

recovery experiments where the nicotinic acid (in 
rtcover •'idcled directly to the blood, never less than a 92 per cent 

*' olitained in the range 3.0 to 15.0 /tg of nicotinic acid. 


^ fills, 
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A SIMPLE METHOD FOR THE DETER]\IINATION OP 
SERUM PROTEIN^' 


P. A. SiMEONE, M.D., AND S. P. Sarris, M.D, 
Boston, Mass. 


T 


HE Kjeldahl digestion method or one of its modifications i.s still the 
standard method for tlie determination of protein concentration in liloo' 
serum. The accitracj’- is adequate for most purposes, but the test as time 
consuming. The clinical significance of the concentration of blood proteins ws 
led to numerous investigations studying the significance of variations in oo ^ 
protein level and methods of correcting hypoproteinemia (Bailej, ein 
Moon,® Shuman and Jeghers.^^ The search for simple, yet accurate, met lou 
for determining blood protein concentration has, therefore, assume imp 
tance. . . 

The nephelometric method of Reiss“ represents an early attempt at si^^P^ 
fieation. The technique is quick and easy to learn, but its 
larly in nephrosis and lipemia, has been seriously questione W ^ 
Lundsgaard, and Van Slyke,'' and Guillanmin, Wahl, and 
berg and Dolin' suggested that the buffer action of blood is dc- 

proportional to its protein concentration. They proposed a nic^^ j,g 5 j,]ti!i? 
termining blood protein concentration, therefore, by measunng ^ 

hydrogen-ion concentration of the blood after allowing it jjoscly 

standard amount of acid. The results are reported to ehec ^ 

(within 0.5 per cent) with the Kjeldahl method. 

pathologic states in the presence of acidosis, alkalosis, or base e 

Moore and Van Styke® demonstrated a close, 'B'*'' 


ship between the specific gravity of blood and its protein 


showed that the specific gravity of blood represented the ^,,jj.jgtions 19 
closely than did its refractive index and was influenced less jetermin*^'^ 
lipoid concentration. The specific gravity in their experimen s i parboim 


most conveniently by means of a specially constructed py ^ 


the spei 




and Hamilton® had previously described a method for 
graidtj' of blood by measuring its rate of fall throng accurac.v f< 
under standard conditions. Their technique was of su eien 

•From the Surgical Services of the Massacluisetts General Ho P' 
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able detection of liemoconceiitration in clogs after emotional excitement or in- 
jection of adrenaline, and of hemoclilution after sectioning the sjdanchnic 
nerves. This mctliod, with modifications, is being nsed extensively in clinical 
laboratories to determine the specific gr.avitj' of blood or serum and to com- 
pute therefrom the concentration of protein. The calculation depends upon 
the empiric formula [P — 343 ( 0 - 1.0070)] of Moore and Van Slyke,® where 
P = concentration of serum proteins in grams per cent, and G = observed 
specific gravity. 

Sufficient evidence has accumulated to show that the specific gravity i.s 
an accurate indc.x of the protein concentration of blood and serum provideil 
it can he determined with aeeuraey to the fourth decimal place. Both the 
pyhiiometer method of Moore and Van Slyke” and the falling-dro]) method of 
Barbour and Hamilton,'’ or its modifications, have been shown to be adequate. 
The former, however, requires experience with the pyknometcr and the 
analytical halance. A volume of less than 2 c.c. of fluid to be tested impairs 
the accuracy of the method. 

The falling-drop method is accurate and can be carried out with a single 
drop of blood or serum, but there are many possible sources of error and ex- 
reriencc with relatively complex airparatus is required before determinations 
are dependable. 

A modification of the specific gravity method for the determination of 
serum proteins has been devised and tested. It involves the use of ealibrated 
ollow glass beads, each of a carefully' predetermined density. This report 
amhodies a description of tlie method and the results of experiments with it. 

StETHOD 

Small beads (1.5 to 2 mm. in diameter) wore blown from hard glass 
ary tubing and flame-polished. They were made at random in large 
™ )ers and their densities were determined individually by matching them 
''rrefully prepared solutions of potassium sulfate (K.SOj) of known 
in th ° room temperature. The bead which stayed wherever placed 

loo ® solution without rising or falling in thirty seconds was eata- 

checli '’^presenting that particular specific gravity. The values were 

® ed at least twice. Tw’enty-one such beads were selected as representing 
lo 3^(1 1.0350 to 1.0172 (or serum protein concentrations of 9.60 

Values ''PP tl'PS be made to represent any desired range of protein 

il'P specific gravity of an unknown fluid, a bead thought to 
fore unknown specific gravity is selected and with hone-tipped 

it is'*** i'* below the surface of the unknown fluid. If the bead rises, 

’howls'** greater density', and vice versa if it falls. If the bead 

'■'I'rcs"” 'IPring an observation period of thirty' seconds, it is taken to 

of 'fi * speeifle gravity of the fluid tested and its protein content, in the 
formula scrum, is calculated by means of the Moore and Van Slyke 

any j „ 1"^ can be done in small glass test tubes of 5 mm. diameter and 
'cnient height. It is possible to test 0.5 c.c. of blood or even less. 
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RESULTS 

I. The accuracy of the method in determining the specific gravity of 
liquids was tested by comparing its results with those obtained l)y the use of 
the pyknometer described by Moore and Van Slyke. Table I represents a 
comparison of specific gravities obtained by the two methods for sohrtioiis pre- 
pared by adding varying amounts of powdered glucose to aqueous solutions 
or to blood serum. The close agreement of the two methods is evident, tie 
maximum difference being 0.0009; the average, 0.00047, represents for .senitn 
a protein concentration of 0.16 gram per cent. It may Ire concluded, thra, 
that the bead method for determining the specific gravity of serum is suf- 
ficiently accurate for clinical pui’poses. 


Table I 

Specific Gravity of Modified* Serum as Determined by theGdass Be-vdanb the Moor... 
AND Van Slyke PYKNOMETERt Methods (Including Pigures m Table iv; 


NO. 

BEAD 

PYKNOMETER 

1 

1.0274 

1.0278 

2 

1.0278 

1.0280 

3 

1.0283 

1.0292 

4 

1.0312 

1.0308 

5 

1.0265 

1.0261 

6 

1.0275 

1.0270 

7 

1.0279 

1.0276 

8 

1.0291 

1.0283 

9 

1.0300 

1.0293 

10 

1.0253 

1.0254 

11 

1.0210 

1.0212 

12 

1.0225 

1.0226 

13 

1.0241 

1.0244 

14 

1.0269 

1.0276 

15 

1.0281 

1.0289 


difeekekce 

EBAD-PVKNOME^ 


-0.0004 

- 0.0002 

-0,0009 

-10,0004 

■f0,0004 

+0,0003 

+0,0003 

+0,0008 

+0,0007 

- 0.0001 

- 0.0002 

- 0.0001 

-0,0003 

-0.0007 


0.16 per cent protein. 


Average difference in specific gravity = 0.00047 
0.0001 = 0.0343 per cent protein.) 

* Serum modified by adding solid glucose or distilled water. 
tThe pyknometer used here had a capacity of 10 c.c. 

II. The sernm protein concentration was determined in eight) ^gtjiod de- 
mens of blood by the micro-Kjeldahl method and hy the ^^pjicatf. 


ethods as i»- 


scribed above. Fifteen more specimens were determined in 
thirty specimens were submitted for determination by both m 
knowns. . , ndthehssd 

Table II compares the results obtained by the niiero-Kjel a 
specific gravity method in twenty representative betivsc^ 

agreement of the two methods is striking. The maximum i e ^ ^ ^ p^r 
the results obtained by the bead and micro-Kjeldahl *,^j,jations- I'' 

cent. This difference appeared in only two of the 11 ® p^j. cent, 

two others the difference was 0.7 Gm. per cent, in one it was • 
and in nine it was 0.5 Gm. per cent. The average difference 

per cent. _ snecimefiS out d 

Table III shows the results obtained in ten representa n e methods- 

fifteen which were determined as unknown duplicates i) 

It will be seen that closer checks, as a rule, are oiitainec ly 
than by the micro-Kjeldahl digestion method. 
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Table II 


Serum Pbotelv Cokcentrationr (Grams Per Cekt) in Twextv Rei’Besektative Specimens 
Determined by the Micho-Kjeldahl and the Glass Bead Methods 


xo. 

SnCRO-KJELDAHl. 

CLASS BEAD 

NO. 

MICRO-KJELDAHL 

GLASS BEAD 

1 

0.1 

5.7 

11 

2.7* 

<3.5t 


4.0 

4,7 

12 

4.5* 

3.7 


G.4 

0.4 

13 

G.G 

6.0 

4 

5.5 

5.4 

14 

4.9 

5.2 

5 

7.C 

7.5 

15 

7.G 

7.8 

6 

5.0 

4.S 

1C 

6.8 

G.O 

7 

9.G 

8.9 

17 

4.3 

3.8 

8 

4.1 

4,3 

18 

8.0 

7.9 

9 

7.0 

7.0 

19 


3.9 

10 

4.4* 

4.5 

20 


3.7 


•From patients nephrosis. 

fTliis repJL'sonlcd the lightest bead 'in the set. 


Table III 


Serum pRoxErN Concentration (in Unknown Duplicates) Determined by the 
Micro-Kjeldahl and the Glass Bead Methods 


NO. 

itlCRO-KJELDAHI. 

GLASS BEAD 

1 

6.1 

6.4 


6.4 

G.4 

2 

6.3 

G.O 


6.0 

6.0 

3 

5.2 

5.6 


5.7 

5.6 

4 

5.2 

5.4 


5.5 

5.C 

5 

5.4 

5.6 


5.0 

5.6 

0 

6.4 

6.4 


6.8 

6.4 

7 

4,8 

5.5 


6.2 

5.7 

8 

6.8 

G.5 


li.S 

6.G 

9 


7.5 


7.0 

7.5 

10 

5.5 

5.7 

— 

5.5 

5.7 


^ Table IV 

~ ^ ^ ap .ying the Glucose Concentration on the Specific Gravity of Blood Serum 

GLUCOSE 


100 

m 

330 

500 

570 

790 


ON 

SPECIFIC 

GRAVITY 

SERUM PROTEIN DIFFERENCE 


BEAD 

PYKNOMETER 

BEAD 

PYKNOMETER 


i.0265 

1.0261 

0 

0 


1.0207 


0.07 



1.0275 

1,0270 

0.34 

0.31 


1.0278 


0.44 



1.0279 

1.0276 

0.48 

0.52 


1.0291 

1.0283 

0.89 

0.76 

— 

1,0300 

1.0293 

1.20 

1,10 


( "The pj vlucosG concentration on the specific gravity of blood serum. 

PORd ^^^'^entpation of normal blood serum was varied by tlie addition of 
' W , the specific gravity of the solution was determined by the 

t' seven instances. In five of these, it was determined also by the 

' T\f ^ncthod. The results are shou-n in Table IV and graphically in 
j in uliich the specific gravity difference is converted to the scrum protein 
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concentration difference in grams per cent. Reference to tliese data imm- 
strates a pi'actieally linear error in the estimated serum protein concentration 
introduced hy variations in the glucose concentration of the blood serum. This 
observation is of significance ' clinically for blood protein determinations done in 
patients witli diabetes iiiellitus. 



snecifip ' relating glucose concentration of scrum to specific ® cio'=es: 

values recorcleci as protein concentration; abscissae; glucose 

\aiues obtained by pyknometer method; dots: values obtained by glass bead metnof' 


DISCUSSION 

The foi'egoiiig- data demonstrate the practicability of a method for fiie 
mination of serum proteins,' depending upon the virtually linear relatfondrh 
tween specific gravity and protein concentration. The specific gradtj is 
lately measured by means of liollow gla.ss heads of previously determiRed densi 
Bing^ described a specific gravity method for determining serum protein if 
use of a single bead representing a specific gravity of 1.015S (protein ^ 
tion of 3.0 Gm. per 100 c.c.). Three cubic centimeters of serum 
diluted with 0.9 per cent sodium chloride until the bead neither liscs nor 
At room temperature (20° C.) the diluted volume represents 
centratioii of the serum. The accuracy of the method depends in 
the accurate delivery of 3.0 c.c. of serum. An error of 0.1 e.c. will 
error of 3.4 per cent in the total protein concentration. If smaller 
serum are used, the error will be coiTespondingly greater. It i® jt- 

that it involves the use of only one bead. This advantage ovei the n 
scribed here loses significance when it is considered that once a se 
is prepared, it can be used indefinitely and the necessity of volumetric 

ments and diluting fluid is obmated. . 

Tlie accuracy of anj- method depending upon the relationship^ 
specific gravity and serum protein concentration conid be inflium®® studirf 
her of factors. The effect of changes in the albumm-globuUn ratio 
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by Nugent and Towle.’” They observed no significant effect of varying tlic 
albumin-globulin ratio of beef serum. Increases in the lipoid concentrations 
likewise have relatively little influence on the specific gravity of serum (Jloore 
. .ind Van Slyke). The alight sliifts tliat take jilaee in the concentration of blood 
solids when the protein level cliangos have been found to be of no practical sig- 
nificance (AVeech, Reeves, and fioettsch*”). The data in Table IV show that ab- 
normal concentrations of blood glucose may introduce a significant error in tlie 
protein concentration computed from the specific gravity. Sufficiently accurate 
corrections may be made by deducting 0.1 Gm. per cent protein for eacli in- 
' crement of 100 mg. per cent glucose. 


Certain precautions siiould be observed in determining specific gravity 
by the method described licro. The beads are best kept in a padded partitioned 
box and handied with hone-tipped forceps. The blood or serum is placed in small 
glass tubes hold vertically in a plasticine base. Determinations are done at room 
temperature. To avoid surface tension effects, the bead is placed in the solution 
directly below the surface. An air imbblc may be carried down with the bead 
and should be carefully sliakcn off wlien present. Currents are sometimes set up 
in the fluid by the mere introduction of the forceps into it, particularly when 
tubes of larger diameter are used. If the bead is observed for thirty seconds, 
Imwevcr, the effect of currents will have been spent. The beads, of course, 
^ should be kept clean, and this is easily accomplislied by rinsing tliem in distilled 
"ater immediately after removing them from the blood or serum. 

The method for blood protoiu determination presented in this report is 


ti quick, simple, yet accurate, one. No contention is held that this 
nethod is more accurate tlian tlie other specific gravity methods or the Kjeldahl 
aiethod, but, since the tccliniquo is simple and sources of error are minimized. 
It irill find greater adaptability in clinical research. For ordinary clinical pur- 
poses it is hardly necessary to have more than four calibrated beads representing 
®cnim protein concentrations of 5.0, 6.0, 7.0, and 8.0, respectively. With e.x- 
i.Petience, it becomes simple to interpolate between beads and read values to 
'/ " ™ per cent. Greater accuracy in the clinic is seldom required. 


SUM5IARY 

lies ™^tliod for the estimation of blood or scrum protein concentration is 
: Iv''* ' ’ upon the determination of the specific gravity of the fluid 

•' ' ^ 9 °^ calibrated holloiv glass beads. 

method compares favorably in accuracy with other reported teeh- 
advantages are its sensitivity, its simplicity, and its requirement of 
/, • ®"’all volumes. 

1' ■ and a effect of glucose concentration on the determinations has been tested 
graph is presented (Pig. 1) from which corrections may he made. 
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NOTE ON A POSSIBLE SOURCE OP ERROR IN THE DETERMINATION 
OP SULPAPYRIDINE AND SULPANIMAHDE® 


AIary Prances Butler, AI.S., and Samuel B. Nadler, Ph.D., M.D. 

New Orlean.s, La. 


•^HE twofold purpose of this paper is (1) to point out a possib .^^jj 
A in the determination of sulfanilamide and sulfapyridine, an 
cate that concentrations of procaine hydrochloride as low as 0. nie- 
centimeter of blood may be determined with a high degree o 
maJeing available a method for the stndy of the metabolism o 
chloride. _ . ^ to 

In the course of a series of sulfapyridine determinations on 
whom sulfapj'ridine was administered parenterally at ^ blood 

observed that there was a rather mai-ked fluctuation in t e 
sulfapyridine. The fluctuation in blood level did not pp^^rent, 

fov tl« 


in the dose or rate of administration of sulfapyridine. It y obsepf'^ 

fore, that some contaminant might possibly be responsib e ° .ggjjcf 1'’^ 
fluctuations. Upon inquiiy it was found that it has been „sc(! (f 

‘ nrifl? 


hyclrocliloi’ffle}! 


andsuiftniS- 

iivdro- 


hospital interns to collect venous blood in syringes w 
anesthetize the skin, with 2 per cent novoeaine {procaine 
to venipuncture. P 

It should be noted that the- color development of sulfsPN^^ Pi-ocam^ 
amide depends upon diazotization of primary aryl group.- 

chloride is a primary aryl amine and diazotization of As an ^Drsk’'!!' 
the sulfapyridine reagents are added, according to the 
results in a pink color which is identical in tinctorial poM er v <■ 

T flrm.an’. ^ 

*From the Joseph Hume Research Laboratorj*. 

MeJicine, Tulane University Scliool of Mejicine. New Onca •• 

Beceivocl for publication. May 10, 19-10. 
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from sulfapyi-idiiie. As nii indication of the iiiagnitude of*this source of error, 
it was found that after one drop of 2 per cent procaine hydrochloride is added 
to 5 e.c. of blood, a siilfapyridine value of 12.3 lug. per cent was found. There 
is no significant diminution in the value if the blood is allowed to stand at 
room temperature for two days. 

An attempt was made to recover added procaine hydrochloride from blood 
to determine the lower limits of sensitivity of the method. Accordingly, pro- 
caine hydrochloride was added to blood in amounts sufficient to yield final 
concentrations of 1.0 and 2.0 mg. per cent. Pi-ecipitation of the blood was then 
carried out in 1 :10 and 1 :20 dilutions. The recovery' of procaine hydrochloride 
from the blood containing 1.0 mg. per 100 e.c. wa.s 1.02 mg. per cent in the 1 :10 
dilution of the blood, and 1.04 mg. per 100 c.c. in the 1 :20 dilution of the blood, 
an error of plus 2 and plus 4 per cent. Kccovery of procaine hydrochloride 
from blood containing 2.0 mg. per cent with 1:20 dilution was 2.14 mg. per 
cent, an error of plus 7 per cent. In these determinations the Idood estimation 

matched with a known procaine hydrochloride standard. 


T.mile I 


STAM.Ard sowum 
SUFAPYRIDISE 
«0L. WT, 271 
(90. %1 

STANUARD 
SULF.^KlLA^tIDF. 
^tOn. \VT. 172 
(Mn. 

.STAKDAUP 
I’ROCAIKE lICl 

itOL. vrr. 272 

(MO. %) 

PETERMISED 
I’ROCAINE HCl 
(MO. Vc) 

CALCl’I/ATED TROCAISE 
nrl COKCF.NTRATIO.N* 
(MO. %) 

- 

0.20 

0.20 

0.130 

oyo 

0.13 XY;^=n.20 

- 

0.40 

0.40 

0.2oC 

072 

0.23C = 0.40 

0.20 1 

- 

0.20 

0.200 

070 

0.200 X = 0.20 

0.40 

- 

0.40 

0.306 

070 

, 0.390 X ^ 5= 0.39 


iivd ^ iT''- desirable to determine the tinctorial power of procaine 

ard 09* compared to sodium sulfapyridine and sulfanilamide. Stand- 

\s n " solutions of these substances were prepared. 

Table I, the color developed by procaine hydrochloride is 
‘ are i*' fhat developed by' sulfapy'ridine — the molecular weights 

*'^ilfa ^Vhen procaine hy'drochloride is matched with standard 

'Jiueh * procaine hydrochloride only develops about 64 per cent as 
or. However, the ratio of the molecular weights of procaine liydro- 

(le and sulfanilamide is = 1.58, indicating a 100 per cent recovery 

’ apparent then that on an equimolecular basis 

snlfapj procaine hydrochloride is equal to that of sulfanilamide 

, ,, KETEREXCE 

• Bratton, A r o T , 

.Po ^larsliall, E. 3v., Jr.: A New Coupling Component for Sulfanilamide 
™™tion, J. Biol. Chen, .128 : 537, 1939. 




OBSERVATIONS WITH A PHOTOELECTRIC HEMOGLOBINOMETEIi' 


Paul L. McLain, M.D., and Geokge J. Pastorius, j\[.D. 
Pittsburgh, Pa. 


13 HOTOELECTRIC colorimeters have been adapted to many measurementi 
^ including the quantitative estimation of hemoglobin. Reported observation 
indicate the feasibilitj^ of rapid and fairly precise hemoglobin measurement 
by the use of such instruments.*'® The present study was undertaken to surve, 
the characteristics of a photometer designed particularly for use as a hemo 
globinometer. 


THE IN.STRUSIENT 


The instrument used was a simple form of photoelectric colorimetei,} cw 
sisting essentially of a single photoelectric cell, a filter, a holder for soliitioi 
containers, and a light source. The photoelectric cell was of tlie blocking iajc 
type, the output being measured with a sensitive galvanometer built into t 
instrument. The lam]) was energized by' a pair of dry cells incorporated m 
instrument case. The solution containers were commercially obtainabe 
tubes selected for uniformity in size of bore. The holder for the solntion^con 
tainers was of special construction to compensate for optical defects in 
a cylindrical form of solution cell. Fig. 1 shows the general appeaiance 0 
instrument. _ j 

The apparatus was operated as follows: With the 
vanometer needle was adjusted to a prescribed zero point at the 
of the scale by manipulating a small knob mounted on top of jilvdis 
(Pig. 1 ). The lamp was then lighted, and a solution cell containing 
tilled water was placed in the holder. This procedure caused ji,. ]f{| 

galvanometer needle to the left. The needle was then adjuste 0 
extremity of the scale by' altei’ing the lamp intensity liy ^^jstilieii 

provided on the front of the instrument (Pig. !)• Tb^ Abie jjeniatif 

w'ater was then replaced by' one containing an unknown solution 0 ^ 

prepared as noted below. The decreased transmission of light cai^s^^ 
tion of the galvanometer needle to the right for a distance depen jc- 

concentration of acid hematin present in the solution. Foi flve 

suits the instrument was allowed to stand with the lamp hg * ® card""-' 
minutes prior to the first reading. Before use tubes for solutions n 


cleansed inside and out. 


*Prom the Department of Physiologrj’ and p)iarmacolo&j'. ScUoo 
of Pittsburgh, Pittsburgh. 

Received for publication. May 24. 1940. ^ Fisher Scientific 

tThis photometer was an experimental model supplied by 
Pittsburgh, Pa. 


unl'-tn'”' 
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1':xpj:i{imi:ntal pi?ocei>ure and results 

Five samples of })Ci*f blood, one of sheep Jdood, nnd of liinnnn blood were 
examined. Upon each of these tlic following observations were made: 

a. Oxygen capacity by the manometric method of Van Slyke and Neill,' 
carried out in duplicate or triplicate. 

b. Oxygen capacity by the blood iron method of Wong.® 

c. Photometer readings, after appropriate treatment, of wliole blood and 
of dilutions with 0.9 per cent sodium chloride solution containing SO. GO, 40, and 
20 per cent whole blood. 


Oa/vanorTi g ^er 



1. — General view of photoelectric hcmoglobinomcter. 

^vhole or diluted blood Averc prepared for photometric studies by 
pipette 20 c.mm. of the sample xvitli 5 c.e. of tenth-normal 
^ solnf resulting acid hematin solution was discharged into 

allowed to stand for five minutes. Although the color xA'as 
f^'acUcal length of time, results Averc sufficiently consistent for 

photometer readings Avere made for each test, 
Tabl ^aing reset, if necessary, betAveen readings, 

nxygej, ^ ^ s^io’ws the relationship of hemoglobin content, calculated from 
'annm fo photometer readings expressed in arbitrary units of tbe gal- 

"icier scale. Tu^n •_ _i tp;... o 


Thi.s relationship is sIioaati graphically in Fig. 2, Avhich is based 
obtained by the gasometric method. In the preparation 
eternji, contents of blood dilutions A\'ere calculated from the A’alues 

for respective samples of Avhole blood. 


*?;“^invaur, 
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Table I 

Relationship op the Hemoglobin Content op Blood to Photometer ISeabixos 


BLOOD 

NO. 

NATURE OP 
BLOOD 

0, CAPACITY 

HEMOGLOBIN 

niOTOMiTB 

PXMUN’G 

OKITS 

GASOMETKIC 
(VOL. %) 

BLOOD IKON 
(VOL. %) 

GASOMETRIC 
(GM. %) 

BLOOD IRON 
(GM. %) 

2 



16.40 

11.6 

12.3 

36.0 

3 



16.87 

12.4 

12.7 

35.3 

4 



22.10 

16.0 

16.0 

40.2 

5 


11.48 

13.20“^ 

8.6 

9.9* 

.30.0 

6 

Humaa 

8.97 

10.12* 

6.7 

7.6* 

25.'' 

7 

Beef 

19.99 

20.50 

15.0 

15.4 

3S.6 

8 

Beef 

22.66 

23.25 

17.0 

17.5 


9 

Beef 

22.29 

22.47 

16.7 

16.9 

4I.d 


"Patients supplying these samples ■were receiving iron medication dails'. 



DISCUSSION ^ 

The characteristics of tiiis particular type of photonictci j),jn ' 

plication to hemogloliin estimations. Operation was simple, rcQ ^ gas 

ten minutes for a complete determination. The amoimt of j „jjj,imia’ I*'*’ 

small and the final dilution was high, conditions which ten 2 ^ tk 

effects of technical errors in sampling and dilution. omn'mllv : 

calibration curve tvas quite flat, especially m IIjo gai- 

hemoglobin range. Single readings were reliable ivithiu 
vanometer scale in approximately 90 per cent of conseeiitive r ^ ^ 
of one scale unit ivas equivalent to 0.3 Gm. of hemoglo m pe ^ j (o 0,i 

below 5 Gm. total, 0.3 to 0.5 Gra. between 5 and 10 m- ■ 

Gm. between 10 and 15 Gm. total hemoglobin content. cp^^ ging,. 

readings M'as but a matter of seconds and naturally re ucc 

readings. _ hemoglobin 

A point of incidental intei-est was the compaiison ^ The mo- 

ments bj' gasometric and blood iron methods, as shoun i 
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method gave results consistently higher than those obtained by gasoinetric de- 
: termination, the average difference amounting to 0.61 Gm. of lienioglobin per 100 
• C.C. of blood. Tlie widc-st discrepancies occurred in the two human samples, 
■ both from anemic patients receiving large dail}’ dascs of iron. If tliesc two 
; samples are neglected, the average difference between results by tlie two methods 
was 0.45 Gm. per 100 c.e. We arc inclined to agree with Iladen^ that either 
method is siutal)lc for normal bloods, and tliat the relative simplicity of the iron 
method is a definite advantage. However, it seems clear that the true respiratory 
value of the blood is more accurately portrayed by tlie gasometric measurement. 


SUJIMARY 

1. The characteristics of a simplified form of photoelectric hemogloliinometer 
were .studied by comparison of photometer readings with hemoglobin measure- 
ments according to tlie gasometrie method of Van Slyke and Neill and the blood 
iron method of AVong. 

2. The photometer employed was found to be suitable for hemoglobin 
tneasurements. 

3. Single readings were reliable within 0.3 to 0.7 Gm. of hemoglobin per 
100 C.C., depending on the total hcmoglohiii content of the sample. Multiple 
readings, occupying an insignificant amount of extra time, narrowed the limits 
of error. 

4. Comparison of hemoglobin estimations by gasometrie and blood iron 
rnetiiod.s was included in the study. 

n is a pleasure to acknouiodffe tho helpful susscstions of Dr. C C OUthilo. 
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A TECHNIQUE FOR THE DETERMINATION OF PROTHROJiBlX 

TIME*' 

Daniel A. Sherber, M.D., Brooklyn, N. Y. 


W ITH the introduction of the effective use of vitamin K in the trentim'iii 
of hemorrhage in jaundice by Warner, Brinldions, Smitld; Butt, &»!!, 
Osterhei’g- ; Dam and Glavind,® tlie need for a practical and accurate wcthd 
of determining the pi'othrombin content of the blood, now Iniown to he rchlol 
to vitamin K absorption, has assumed increasing importance. 

The techniques for pi’othrombin determination have been limited io hm 
accepted methods : that of Dam and Glavind'' ; ivhich is extremely timc-iMi 
Sliming and laborious; and that of Quick, which is more practicaHor cliniw 
purposes, and the more widely' used of the two. Even the method of Qi® I 
however, is burdensome, since it does not include a stable thromboplastin, aw 
therefore requires frequent I’enewal of the preparation. 

During the past j'ear a technique has been developed and 
ployed in our laboratories which eliminates tlie above-mentioned clisa 
of time and complexity, and so facilitates the increased use of pio 
determination, that we feel it merits a detailed description. ■ 

The apparatus employed consists of a constant 


at 40° C., and an anatomic museum jar, measuring 25 by 21 b.v 9 
of fairly uniform thickness, as the water tank. The heat source 
blade heater connected to a mercury thermoregnlator by if 

relay. The water between the heater and thermoregnlator is ^ep ^ 

a stirrer attached to the shaft of a slow motor, as ilhistia e ^ ^ 

The reagents required are a potent thromboplastin fro® 

calcium chloride solution. The thromboplastin is obtained )}• c-' pre- 

the brains of stillborn fetuses. To obtain consistent results 
pared by this method, from a number of brains, the brain s lou pj.pparc 
in the refrigerator for more than thirty-six hours aftei ^ -is com- 

the brain for extraction, tbe pial membranes and in 

pletely as possible, and the brain is cleaned by immersing 01 a jnort'n'' 

water. It is then weighed, cut into small pieces, and put ^ ^ ppilc 

An equal weight of pure sand is added and the mixture an •'’P' 

until it has an even creamlike consistency. To this Tbc”'^' 

proximately equal volume of normal saline and thorougn^^^ slight*.'' 
terial is then centrifuged until the supernatant fluid is jjjpn po®' 

This takes approximately one to one and a half hours. la gjorage h* 

off, filtered through cotton, sealed in 5 c.c. vials, and and 

freezing chamber. Thromboplastin prepared from a sin., e 

•From the Dep.artment of Laboratories, Jewi.«!i Hospital 
Director. 

Received for iniblication. June 2-i, 19-iO. 
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lliis manner has been kept for six months without any signs of deterioration in 
potency, and has been sufficient in quantity for approximately 200 determina- 
tions. 



•''o- 1— li, Knifo blade 


111 , 


heater ; &, mercury thermoreffulator ; c, light source. 


" ^ thromhopla.stin extract Ls defrosted 

to '"*'1 equal volume of 1/40 M calcium chloride solution is 

■ ■ This mixture is then immersed in the water bath, which is kept at 
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40° C., and allowed to incubate for thirty to forty-five minutes, after wMcli 
time it will be noted that a flaky white material has been precipitated, and the 
supernatant fluid is almost clear. This fluid is centrifuged at high speed (about 
2,000 r.p.m.) for ten minutes until clear, and the clear fluid is then returned to 
the water bath. 


<2U - 


mm 


Pig. 2. — a. Ground glass surface for labeling. 


Fig. 3. 


To collect the blood sample, 15 c.c. calibrated centrifuge tubes, 

0.5 c.c. of 3 per cent sodium citrate solution, are used, to which 5.5 e.c. o ^ 
are added, giving a total of 6 c.c. The plasma and cells are 
centrifuging at 2,000 r.p.m. for five minutes, as soon as received, the p 


ing kept in the refrigerator until used for the detenuination. 


reliable results 


and treated in this fashion will yield a plasma which will gi™ 
even after tiventj^'-four hours, in contrast to the thirty minutes pi cue 


sidered safe. 


ettedintosp' 


lecid 


To determine the prothrombin time, 0.1 c.c. of plasma jo come 


round bottom tubes (Pig. 2), which in the meantime have 
to the temperature of the ■water bath. 


The plasma is incubated ■" 

bath for five minutes. Approximately 0.2 c.c. of the calcium ci on „ ^ 


plastin mixture is drawn up into the aspirator (Pig. 3) 

into the tube containing the plasma. At the same time the stop 

The tube is viewed at right angles to the source of jj stoppf"''- 

clotting appears, manifested by the beginning of opacity, t le w* 

(The reading of opacity is greatly facilitated by painting t le n jjonual 
bath black.) The time noted is the prothrombin time. Bj t us^^ 
human plasma has a range of 10 to 13.3 seconds and 


mean variation of 0.7 second. With but little expeiience 


mie can 


readings on a given samiile of plasma -within 0.6 llie 

three readings are done ; these should agree with each ot ei i 

one second. 


■oiitn'C 


vorl 
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Recently I have used a tliromboplastiii extract prepared from brains 
as those described, but liavc varied tlie method soinewliat to eliminate the 
necessity for adding calcium chloride at the time of determination. In this 
icase, the extraction medium is a solution of 1/40 SI calcium chloride in normal 
saline. A mixture of these two substances is centrifuged and stored in vials as 
described above. If, when doing the dclerxninatioii witli tliis extract, one de- 
sires a greater volume of thromboplastin extract, addition of an equal volume 
of normal saline will not diminish its potency. Witli tliis preparation it is im- 
portant that the extract incubate in the water bath for forty-five minutes before 
centrifuging. Results with this extract on normal idasma are somewhat liigher 
than those described. By this method normal human plasma has a range of 
153 to 24.9 seconds and an average of 20.8, witli a mean deviation of 1.9 sec- 
onds. This extract has proved as stable and reliable as the one originally used. 

iixperiments with a thromhojilastin extract in which an equal volume of 
1/40 M calcium chloride solution was added to the tliromboplastin after its 
extraction with normal saline and then stored as mentioned above, yielded an 
extract similar in potency to tlie one extracted with 1/40 M calcium chloride in 
normal saline. This preparation, however, showed evidence of deterioration 
after two months. The use of stillborn fetus brains has yielded a thromboplastin 
superior in activity and stability to that extracted from the brains of embryo 
and adult cattle and rabbits, as well as adult human beings. 


1. The preparation of a stable and potent thromlioplastin extract which 
' finales the repeated extraction of thromboplastie material is described. 

2. A description of a simple, inexpensive, and reliable technique and ap- 
paratus for the determination of prothrombin time is presented. 

aj extended to Mr. Bernard Sobel. of tl»c Division of Cheini.'itry. for hi.s 

the apparatus. 
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THE IMPORTANCE OF TEMPERATURE FOR COLOKUIETlilC 

DETERMINATIONS*' 


With Special. Reference to NESf?LER’s Eeactiox 


Ludwig Pincussen, M.D., Ph.D., Chicago, III. 


C OLOR reactions lor determining biological constituents are widel.v used in 
tliis counti'}’. In most eases the colored solutions to he compared di^plav 
a more or less colloidal behavior. 

A few incidental observations showed that for one of these coloiinie|rie 
methods, the yellow color produced by adding Nessler’s reagent lo ammomnra 
sulfate solutions obtained by digesting urine with sulfuric acid, is ie>.' 
pendent upon the temperature. , . 

As shown by many investigators the color produced by 
in solutions of ammonia goes parallel to the amount of nitrogen v ic 
ammonia was obtained by distillation or the nitrogen solution lofs 
sulfuric acid was immediately used for the test (direct nesslerization). 

To avoid complications resulting from the digesting of 
in the way commonly used for nitrogen determinations, the o owi 
ments were made with pure ammonium sulfate solutions. ^ ^ 

Into each of two large test tubes graduated to 35 and 50 
monium sulfate solution containing 1 mg. of nitrogen weie pipc 


1 C.C. of 
, of water) 


sulfuric acid solution ( 1 c.c. of concentrated sulfuric ^,.g(pr {or 

added and made up to 35 c.c. with ivater. The tubes weie "ep ^-as slo'd)’ 
fifteen minutes. Nessler’s reagent just taken from the le jj^Pjeraore 

added to the mark 50, mixed, and the tubes left in the ice 
minutes. After this time one tube was left in the ice water, le 

out and kept at room temperature. , . ^y^jer. Kw'f' 

Both cups of the colorimeter were filled with the solution in^ niinuK?: 
ings were in the beginning 30 :30 ; after being left in ^ g.juj 5 pic 

30 :29.7 ; after twenty minutes, 30 :29.6 ; after thirty minu es,^ Peginnia? 
readings were practically constant for the solutions, ice co 
being warmed together to room temperature by standiUo i,,]p 5 an' 

The solution (now at room temperature) was le t ° 
the solution in the other cup replaced by new solution lep < sohit'“'”’ ‘‘ 

but the reading did not change, 30 ;29.5, 30 ;29.S. 
the same temperature the reading is correct and staj s a golutk'^ 
When the room-warm solution Avas left in one cup jjig reading 

the test tube in ice ivater) Avas substituted in the o ici ' 

•From the Department of Physiological Chemistn', Tlnne 
■Medicine, Chicago. 
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30:17.5 (30 being the laj’cr of tlic ice-cold solution). Wiiile the solutions were 
in the cup, the temperature of tlie cold solution slowly went up, tiie reading 
went do^vn to 30:24, and after tliirty minutes to 30:29, practically reaeliing the 
correct reading. 

If the cups were emptied and one cup was filled witli ice-cold solution and 
the other with solution at room tempcralvivc, the reading was 30:17.5 and went 
doTO to 30:25, and finally to 30:30, when the solutions had reached the same 
temperature. These experiments were duplicated in manifold ways. Parts 
of the same nesslerizcd solution showed the phenomenon, if one-half was kept 
- cool, the other half at room temperature, and the diiYercnce in reading could 
almost be reversed by reversing the temperature of the solutions. The changes 
of the optical transmission of these solutions were hardly visible to tlie naked 
.eye; the solutions looked clear and transiiarcni. It may bo added that there was 
no difference whether a iirotective colloid was added oi- not. 

The explanation of tlicse findings is, of course, given by the colloidal status 
of the solutions, the optical transmission being decreased by raising, and in- 
creased by lowering the temperature. As far as can be seen in these few ex- 
periments this process is, at least for a certain time, more or less reversible 
Theoretical questions cannot lie discussed in tins paper. 

Some other color reactions, such as the determination of ])]iosphorus with 
liydroquinonc-molybdic acid (Bell and Doisy) and the dctcrmiiintion of glucose 
^th the Benedict method did not show this influence of temperature. 

^ Using Nessler’s method, wlietlicr with or without preceding distillation and 
'nth or without protecting colloid, care must he taken tliat tlic temperature of 
e solutions in the cups is the same. For practical purposes tlic best procedure 
swms to be to add cold Ncsslcr’s reagent to the cold solutions to be compared, 
^ if desired the protective colloid, mix, leave the solutions in the cold for 
minutes, take them out and lot them stand for twenty minutes at room 
solutions have tlic same temperature and are 
to the same degree. For each reading not only tlie solution to be tested 
„ ^ standard solution may be put in the cups at the same time, thus 

‘^'01 ing the danger of unequal warming by the light source. 


MEDICAL ILLUSTRATION 


CLINICAL LABORATORY PHOTOORAPHY WITH A NEW METHOD 
OF PREPARING PHOTOIillCROGEAPHS* 


Wray J. Tomlinson, jM.D., BIontgomeky, W. Va. 


T he value of a simple and inexpensive method of routine pliotograpli,' icr 
use in the mndevn elinienl Inhoriitavv need not be emnhasizecl. Indeed, there 


A use in the modern clinical laboratory need not be emphasized. Indeed, there 
are few institutions possessing aggressive staffs ■which have not recognized the 
value of such facilities and attempted a solution. Pew hospitals that are mi- ■ 
directly associated 'with teaching institutions or research laboratories ha^e t e 
ser-viees of trained photographers for their requirements. The responsih'nt) is ■ 
usually relegated to the pathologist or radiologist who far too frequent j 
not had the opportunity for study or experience in this field. As aresu ^ 
prospect of starting such a department is alarming from the triple ■'uei'T®® 
expense, time involved, and results produced. 

For those laboratories and institutions already possessing ■' 

equipment suitable for gross and photomicrographic work, the met lo ^ 
here may be of little value. There is no denying the fact that better . 

are easier to obtain by using more expensive precision apparatus 
film sizes or plates ; however, it is possible to work with 35 mm. ^ 
excellent results. It might be found advantageous in terms o , 

economy to consider the procedure given here for routine p 


work. Hellwig^ has stressed the need for such procedures an ,• , ,n}!i 

^ , . „ , , , :«v. r,„wination deasms ' 


To the best of my loiowledge there has been no prior publication jjjjjv 


photomierograplis by the method here described, yet from its . 
it must have been used. 


GROSS AND CLINICAL PHOTOGRAPHY 


ofthes? ; 


Eqidpment . — The equipment listed here is for the 
desiring such information. There are many other similar camen^s^ ^ 

available which undoubtedly will do equally as 


ing equipment can be purchased for less than one Inmdrc <- o < gquijmiw- 


1. Argns C, 35 mm. camera, or for those desiring photo 

the Ca is available at a slight additional cost. focUi'k? 

2. The Argiiscope, which essentiallj* gives accurate oiou 
for close work. 

3. Photoelectric cell type light inetei'. 

- - — - , * 

«From the Laird Memorial Hospital. Department of Pathoo&>, 
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4. Any 35 inm. film enlarger. A eoiLsiderablc saving can be effected by 
using an enlarger that rvill aecommodate the camera lens. 

Technique . — For photograiihing patients, equipment, and large specimens, 
or for use in the necropsy room, the camera alone Ls satisfactory. It is equipped 
trith a coupled range finder, and accurate focusing from three feet can be done 
easily. 

The Arguscope is invaluable in photographing surgical, necropsy, or other 
small objects. Full instructions are supplied by the manufacturers and are ex- 
tremely simple. Photographs may be taken covering fields from 81/5 by 12% 
inches down to 1 by V/o inches, and at distances from 1914 inches down to 3% 
inches from the object. The use of the ground-glass attachment for critical 
focusing and composition enables the routine production of prints of excellent 
quality. 


Mallory' gives directions for preparing a tank devised by Bittcrman for 
photographing .specimens. The u.sc of a tank is satisfactory, although in using 
35 mm. film a smaller tank, that is, one that encompasses a field equal to the 
area covered by the camera, is also satisfactory. The purpose of photographing 
specimens under water is to eliminate annoying high lights. A defect that 
develops from lighting the specimen while under water is flatness or a lack of 
modeling. It is advisable, therefore, that one of the lights be plaeed at an 
acute angle to produce modeling. A far better method of eliminating high 
'Ighta and still preserving the modeling is to light the specinien through a 
tracing cloth screen as described by Sehmidt and Haulenbeek.' 

The background of gross specimens may be made white on the print by 
usmg an aimiliary light beneath a glass base upon which the specimen may 
Kit. The same thing can be accomplished by opaquing the background in the 
uegatwe. However, the former method is easier and better. A more complete 
ncussion of this subject will be found in another publication.* 

The use of a celluloid ruler provides an easy method for critical focusing 
end in addition gives an easily interpreted scale for determining the size of the 
specimen from the prepared photographs. The ruler should be placed one- 
ird distance from the top of the specimen, or two-thirds distance from the 
uc'^ound. After focusing on the i-uler, the diaphragm is closed as far as 
Pussible to obtain the maximum depth of focus. 'When the specimen is placed 
u a clear glass background with a light beneath, a tran.sparent celluloid ruler 
laost effective. 


' cm including the 35 mm. size, is available in many different types of 
' bK er”* ^ found the Eastman Panatomic X, processed in the Eastman 
‘ nos"^ ‘^pyaloper, to be the most satisfactory for general use in clinical and 
: photography. This 35 mm. film may be purchased in handy 

maJ'h prepared by the manufacturer, although a considerable saving 

• ■ sut ■ ’’5’ the use of bulk film. The almost routine photographing of 

litatM the attaching of prints to the completed reports neces- 

of the negatives fairly soon after their exposure. By pur- 
iiveen" quantities and loading old cartridges with film lengths be- 

, ® twelve and fifteen inches, one is able to obtain eight to ten exposures for 
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each strij), instead of ivailing several days as is often necessaiy to complete tl? 
exposiires on a long roll of film. The DK-20 developer ean be used for a con- 
siderable number of such strips without appreciable deterioration. 




Openir^ For rc^uld-u 
iX 5” Microscope slide 




u 


IiF- *• 


Fig. 1. — A, Cone-shaped adapter for fitting on ™''^h°“pn'inrBer to hold 1 L' ^ 
Cardboard enlarger carrier to hold 2 by 2 inch negative, 0, 
scope slide. 

jMiniature camera -work is extremelj' ivell adapted to tlie ^,1 

and Kodachrome transparencies (type A, indoor) add grea ^ ^ ind; 

the work performed. For vieiving these transparencies converted 

projector is available, or the larger-sized px’ojectois adapter 

simple attachment to handle the 2 by 2 inch sizes.^ lu^ f „*i,nti<re the kns o' 


are nsed on the large projectors, it is advisable also to c i juan"*^’’ 

large projector to one of a shorter, proper focal \ 
image on the screen M’ill be the same size as 


!ii< 

slide, provided the projector is at the same tJie 

changing hack to the larger slide it becomes necessan^ transpar'’”'^'®'’’. tr! 

An attractive method of displaying these 2 Ip - ^ Corpora^'”' ' 

likeuTse keeping them, has been developed bj' the i f>i 
Kisco, New York. 
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Extremely sivtisfactoiy colored pholoniicroKrapIis for project ion or use as 
transparencies for museum purposes can be prepared very simply from black- 
and-white lantern slides by the method described by Putnam.® This method is 
also applicable to the preparation of transparencies by means of Eastman 
Translite enlarging paper. 

PHOTOJIICROGKAPIIS 


The Arguscope can be used in photomierographie work if desired. The 
results are variable; however, the method given here has proved satisfactory. 

The equipment required is minimal, provided one possesses a microscope 
and a lamp. Beyond these, a darkroom, the adapter to be daseribed, and a supply 
of 2 by 2 inch medium lantern slides arc all that are nccc.ssary. The adapter 
consists of a cone (Pig. lA) which fits over the monocular tube and accom- 
modates the ocular. The tube shown in the illustration measures 5i/4 inches 
in total length and 1% inches in diameter at the top. However, these tubes 
can be made in different lengths according to the additional magnification or 
reduction that is desired in relation to the objective and ocular used. By 
doubling the length of the tube the magnification is increased about one-fourth. 
Of course, if a bellows is used in place of the tube, the image can be varied 
to fill out the film with a specific composition. The exact magnification can then 
be determined by means of a stage micrometer. The inside of the adapter or 
tiolloivs is painted dull black to prevent light reflections. These adapters are 
oasily prepared or can he obtained from H. F. Holmes, Jlontgomery, W. Va., 
for two dollars. A bellows and the necessary supports would be more expensive. 

In use the adapter is fitted to the microscope, as shown in Pig. 2, and the 
top of the cone is covered by a piece of ground glass, measuring 2 by 2 inches, 
wth the ground surface down. This is easily prepared by removing the emulsion 
rora a 2 by 2 inch lantern slide and then rubbing briskly with a valve grind- 
ing compound, procurable at any garage, until an evenly ground surface is ob- 
tniued. The placing of penciled cross lines in the center enables one to focus 
ocenrately on the ground surface. 

The lamp is tilted or twisted until the beam of light from the condensing 


'ens falls 


squarely on the center of the microscope mirror. The condensing lens 


™ t e best lamps for pliotomierograpliy is adjustable, so that the beam can 
Ipri" ^ spot on the mirror. The smaller this spot the more intense is the 
t, thus making short exposures at high magnifications possible. Lamps that 
e more suitable for photomicrography are tlie ribbon filament, the arc, the 
^omt-o-lite, and the new photomierographie lamp of Bauseh & Lomb Optical 
0 and General Electric Co. The arc is the most common in use, but the ribbon 
^^ament lamp is rapidly taking its place. The Point-o-lite is an excellent light 
^ nice but somewhat difficult to use. The new photomierographie light is not 
common use and its value, therefore, cannot be judged. In any event. 


nt in 

tewHt™ <ic>itered accurately, the condenser of the microscope is 

iwessar 

microscope is brought into focus on the ground glass; the 
1 1 S checked by means of a hand lens. The field desired to bo reproduced 


into focus, and the objective filled with light; these procedures are 
y m all photomierographie work and are accomplished easily. A slide 
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is selected ; oliviously, it should be free from defects or artifacts. The mioro- 
scope lamp is turned off, tlie ground glass is removed, and a 2 by 2 inch film or 
plate is put in place. 



Fig. 2. — Microscope showing the adapter in place. on the mirro'' 

volt lamp is used. This lamp has a condensing lens for spotting the ng sources are fr 
microsoope and a holder for two niters which are seen m place. , a-e also shorm. itr 

cussed in the text. The lenses used in making the pictures seen in jiib. 
box is for holding the various color niters. 

In considering the sensitized negative materials most suitable foi 
micrograph}^, one should choose the tjTpe of film or plate on the 
trast desired and its sensitivity to the colors to he recorded. jnd 

it desirable to use a plate of higli available contrast, high xesohmo 
general sensitivity to all coloi’s. The Wratten M plate for all 
micrography that do not require extreme sensitiveness is pneia jS 
plate, if properly employed, will produce negatives of a wide pjiofo- 

dep ending on the factors of varying the exposure and sails to 

graphic plates having only the original color sensitivity o ifordinaff’’ 

chuically considered to i)e^ 

plates (commercial and process), and may he developed in led , pyomallo- 


ultraviolet, violet, and blue lights are technically eousiderc ^ o 

sensitivity is extended by djms into the green, the plates aie o pgjjejn-onial'*' 
These, too, may he developed in a red light of low 
materials are sensitive throughout the whole visible spectium an 
beyond, into the near infrared. ^ jjgjit fillo’’ 

With panchromatic material it is generally necessaij .gj.Q 2 g(,pe. h 
between the light source and the condensing system o m 
best to select the desirable filter by visually inspecting No®';'' 

filters until one is found that shows up the subject ‘ insia"®® 

filter will fit all cases, nor can the filter be disregar e 
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of the same area of 
magnifications of the 
Apochromat; C, X 10 
omat ; G, A typical Iotv 


tissue ^’l°^^‘"i?rographs showing j 
^^J ectives ?, °'^ular was used or 

frhromat- 2 v ^^‘cro Tes 

vrograph of a parasite. 
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spite of the fact that a process or process panchromatic plate ivill at times give 
the desired contrast and detail in the resulting negath'e. 

The book PliotomicvograpJiy^ gives the follo\ving table vliicli is of assisiaact 
in choosing a filter suitable for specific cases; 

Use for blue stained preparations a red filter 
Use for green stained preparations a red filter 
Use for red stained preparations a green filter 
Use for yellov stained preparations a blue filter 
Use for brown stained preparations a blue filter 
Use for purple stained preparations a green filter 
Use for violet stained preparations a yellow filter 

In some eases it is necessary to use two filters and panchroinatic niiiFria! 
to obtain the best results. For example, a green and a j’ellow filter in eoinbina- 
tion often show up the heinatoxjdin-eosin stained section most satisfactorily. 

All the foregoing photographic woi’k can be done in a darlnoora, prondci 
the plate or film is not incased in a holder or magazine. Exposure of the film can 
be made by snapping the microscope light on and off; onh- a few trials arencedc'! 
before one can accurately judge the correct exposure. Development is carricl 
out in total darkness Avith the time and temperature method if panchroniatii: 
material is used ; otherAvise the ruby light is employed and some control oyer 
density is possible. It is also pei-missible to use lantern slide plates for reabUr 
the negatiA^es. These plates are A'ery contrasty and correspond to a procf-y? 
emulsion. Fui'thermore, the}' are considered to be “color blind ’ in the scii.'c 
they do not give true color values in black and AA'liite. This finished plate n • 
negative and may be used by contact printing to produce a print or, better }C . 
an enlargement. These enlargements are easily made by cutting a ear^ m 
or plywrood carrier to fit in place of the usual 35 mm. film carrier ' 
There is a minimum of grain present in the lantern slide emulsion an cn a 
ments of a number of diameters are possible (Fig. 3). 
may be prepared by contact printing on 2 by 2 inch slides, or bj cn ar^ 
on the standard 3^4 by 4 inch lantern slides. _ 

In taking photomicrographs by the method discussed, the size o ^ 
encompassed is limited. With this in mind experiments aa'ci’c ma ® 
practical solution for getting aiwmd this difficulty. It Avas sobed in 
ing manner: ' 

A 35 mm. enlarger was used AA'ith a cardboard carrier cut so j],,, 

in the insertion a standard glass slide, 1 by 3 inches, on Avhich pro- 

tissue section. One can insei*t the carrier AA'ith the slide m the en jontern 
ject the entire image of the section on a 2 by 2 inch or a 3% by 
slide as a negative. No filters are necessary for an approximate w pj,],^r2er 
CA'er, if panchromatic negative materials and filters are used oaci 
lens, better color renderings and contrasts AA’ill be obtained. Tbf 

AA'ork must be done in total darkness, or AA’hile using a gieen print,'; 

negative in either case should be sharp ; by using it as outlinec in .-,n 

may' be obtained. This approximates A'erj' Ioav poAver pliotomiciO;- 
extremely simple manner. piato' 

Photomicrographie negatiA'es haA'e been prepared on ^ yue, an! 
from sections stained Avith hematoxy'lin-eosin, poh'dirome me p 
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Masson’s trichromc stain. Eacli of these methods of staining reproduces satis- 
factorily, and the use of pancliromatic materials and filtcr-s has not been found 
necessarj’ in all cases. In blood films, Wright and Struinia s stains have been 
used witli excellent results. 

GENERAL 


An extremely interesting and relatively simple inclliod for the coloring of 
photographs of gross specimens is given by Hopkins.' A red to rcd-broM]i 
color on prints is obtained as follows: solution A, 45 grains of uranium nitrate 
and 10 ounces of water; solution B, 40 grains of potassium fcrricyanide and 10 
ounce.s of water. Equal volumes of each solution arc mixed, and 20 minims of 
glacial acetic acid arc thou added to each ounce of the mixture. Prints should 
he prepared in the usual manner, and tlioroughly waslicd and dried. Artists 
gum mastic is applied to all areas in which it is desirous of obtaining red. The 


gum mastic dries rapidlj’. The print is washed in several changes of distilled 
water and toned in the solution with the depth of color visually controlled. TJie 
prints are then blotted and dried, after which the gum mastic ma}* be removed 


. akohol. A satisfactory blue may be added by covering all parts of the 
print except those which arc desired to take the blue color. A solution consisting 
of the following ingredients is prciiarccl : ^2 ounce of 10 per cent solution ferric 
Ammonium, ounce of 10 per cent solution pota.ssium fcrricyanide, and 5 


ounces of 10 per cent .solution acetic acid. Tlie print is immersed until it as- 


' sumes a dark greenish-bluo color, after wliich it is washed thoroughly. The 
- Diite color is intensified by fixing in a hj-po bath, and the gum mastic is then 
amoved with alcohol. This method, though somewlmt time-consuming and 
• ormidable at first glance, is surprisingly easy after a few trials, and the results 
are well worth the time expended. This subject is discussed more fully in an- 
other article.® 


SUMMARY 

■' ]', suitable for routine photogi'aphj' in a clinical laboratory are 

and certain technical details arc given. A method of preparing 
■ is outlined. Its value lies in the simple equipment necessary, 

tion technique, and the quality of photomicrographs obtained. Atten- 

C'' folo methods for preparing lantern slides of histologic specimens in 

‘or and for preparing prints of gross specimens in color that are suitable for 
• ^ m one s own laboratory. 


Microfilming of Tumor Slides, Am. J. Clin. Pntli., Tech. Supp. 

' ScSS? ?* Pathological Technique, Philadelphia, 193S, W. B. Saunders Co., p. 385. 
Rini Haulenbeek, J. B.: A Method of Photographing Gross Specimens, J. 

c ^ A. 1: 76, 1932. 

Pulnain T f' ,PP^^^tus for Macrophotography, J. Biol. Photographic A. 2: 76, 1933. 

, Simple Method of Preparing Lantern Slides of Histologic Specimens 
Arch. Path. 28: 398. 1939. 

^^Phins Rochester, 1935, Eastman Kodak Co. 

o • ' Scientific American Cyclopedia of Formulas, ed. 29, New York City, 
Photon, Publishing Co., p. 697. 

Bulletin and Clinical Photography, Eochester, 1927, East- 
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TYPHOID CAEBIEES: Soluble lodophthalein in Treatment of Carriers of TyphoM-Para- 
typhoid Group, Saphir, W., and Howell, K, M. J. A. SI. A. 114: 1088, 1910. 

A series of conservative measures, including the use of sulfanilamide, fiiilcii toKsA: 
the stools of a carrier of Baoterkm jiaratyphomim A free from these bacilli. 

The oral administration of soluble iodophthalein was followed by inunediate ilisap;®- 
ance of the paratyphoid A bacilli from the stool. Eepeated stool c.’caminations Mtcnlic. 
over a seven months ’ observation period remained consistently negative for these orgaabus. 

The results of a bacteriologic study in vitro as to the bactericidal action of sold'.: 
iodophthalein on the bacilli of the paratyphoid group did not entirely explain the wndm 
action in a human carrier. 


SULPHANILAMIDE, Antienzymic Nature of Bacteriostatic Action of, Mellon, B. B, 
Locke, A. P., and Shinn, L. E. Am. J. M. Sc. 199: 749, 1940. 

The free amino group of sulfanilamide when incompletely oxidized 
for catalase, as a result of which the toxic hydrogen peroxide produced by manj 
organisms is permitted to accumulate in their cultures. 

In addition to catalase, other enzymes are adversely affected by the 
tion products of the sulfonamide compounds. As known so far, they are pern 
dehydrogenases, and nitrotase. The nutrition of the bacteria is thus serious y 
bacteriostasis results. , 

The effect of such bacteriostasis against pneumococci in vivo is jjy^rocen 

“dissociation*’ into culture phases, whose principal metabolic functions, fall fs-? 

peroxide formation and virulence, axe so critically suppressed that tic orga 
prey to the destructive action of the phagocytes. 

BEHOELLA, Studies on a Purified Antigen Prom, Morales-Otero, ?•> 

Am. J. M. Sc. 199: 810, 1940. „ ■„ 

brucelli >- 

A method for the preparation of a purified protein derivatiie rom 3 

described. The product obtained is of a fine consistency, light btovm^ gonstitoks a 
fairly constant chemical composition; it can be measured accurate y an 


antigen. 


te‘- 


The preparation has been used successfully as an antigen in emnp atuf-"'"' 

and in determining cutaneous hypersensitiveness to brucella m. man^ ^ ^ tnaterial or k?*' 


In man there is a direct relationship between contact with . 

’ hmeella protem. 


tion of infected raw products and skin reaction to purified 


The incidence of positive reactors to the skin test in Puerto ^ n p<.r J” 

inn -iej nmtvolAnf i-n /.offio »i'oe 9A 7 -nftr r.pnt in contact group-j 


J?r. 




infection is prevalent in cattle, was 24,7 per cent in contact group 


groups from the general population consuming raw milk fro® unable ^ 

island of St. Thomas, where infection is not known to exist, the au 

any reactors in the group examined. „„ stanaanl 

The method follows: Large amounts of Br. abortus are gr ximateb' ^ ^ ;"l 

agar pH 7.8 in Blake bottles for seventy-two hours at 37° C. c 

vrith 0.5 per cent phenol are added to each bottle and left for t guspeB-don oi 
the culture to loosen the cells. The phenolized saline containing jhorcCa 

removed from the bottles with sterile pipettes, and the surface o 
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washed witli more phenolized saline. The organisms arc recovered by centrifuging at high 
<peed, and dried in a calcium chloride desiccator until they attain a horny appearance. Then 
,-they are ground in an electric grinding apparatus to obtain a fine white powder. This fine 
'.[powder is nixed with 2 liters of 0.02 N sodium carbonate and placed in the refrigerator 
.jreniight. Next morning the alkaline suspension is filtered, first through a paper and then 
through a Berkefeld candle. To the filtrate is added 0.5 per cent phenol, to avoid bactetrial 
contamination during the following steps of the procedure. The filtrate is then concentrated 
"Tiy ultrafiltration through alundum cups impregnated with 13 per cent gum-cotton glacial 
acetic solution, prepared according to the method described by Seibert. The ultrafiltration is 
■“continued until the liquid is concentrated to about 100 ml., then it is washed by passing 
" 500 ml. of distilled water through the alundum cup filter. The concentrated colloidal solu- 
tion is then filtered through a paper to eliminate any insoluble material that may have 
.sedimented during the ultrafiltration. The protein is precipitated by mixing the colloidal 
solution with one-fourth its volume of a 50 per cent freshly prepared aqueous solution of 
trichloracetic acid, making a final concentration of JO per cent acid. After standing over- 
night in the icebox, the protein precipitate is thrown domi by centrifugation. Then it is 
■ crashed repeatedly by centrifugation with freshly prepared 10 per cent trichloracetic acid 
"•solution until the washings are colorless. The protein product is then washed ivith large 

- '•yolames of anhydrous ether by repeated triturations and centrifugations until all the acid 
3S removed and the precipitate is completely dehydrated. The nitrogen and polysaccharide 
contents of protein prepared from different batches of cell cultures vary between 1 and 2 

.jiper cent. 

The final product thus obtained fulfills the requirements, for it is of a fine consistency, 
^ ght brown in color, and of a fairly constant chemical composition; it can be measured 

- accurately, is stable in the dry state, and constituted a good antigen. It is not completely 
ao uble in water, but is easily dissolved by adding a few drops of 0.1 N alkali. The solu- 
loa IS neutralized with 0.1 N hydrochloric acid and remains clear. Tins preparation has 

Bused in determining cutaneous hypersensitivenoss among contact groups and groups from 
'* ! population of the island of Puerto Tlico, where endemic abortion is prevalent, and 

,( eisland of St. Thomas, where endemic abortion is not knonm to exist. At the same time, 
fixation, and opsonocytophagic tests were made on the same 


bUCOSE tolerance, Effect of Large Doses of Insulin on, Appel, J. W., and Hughes, J. 
•4m. J. M. Sc. 199: 829, 1940. 

1 ^ recognize the great value of the glucose tolerance test as usually per- 

^ppcars examination of tlio urine during the three days following the test 

>^1503^ ^ useful in determining the actual carbohydrate tolerance. In the 

'■\dioueh^f°\f*^ usual tests would have indicated either more insulin or less carbohydrate, 
^ ur ler examinations as described showed that neither step was indicated. 

^ ““proT^enf examined over several weeks showed subjective and objective clinical 

(Vantage wh * would seem that the authors’ procedure could be employed to ad- 

f'- ?lccosa 1 carbohydrate is desirable but more insulin is contraindicated. A simple 
f ' ^our Jioyj, without blood sugar estimations but with recordings of the twenty- 

1, •>’ whether over a period of several days before and after the test will indicate 

The utilize additional carbohydrate, 

lifreitt desc^ribed^^ that many diabetic persons would benefit from the procedure 

fil anj P^^fiments reported demonstrate that the tubercle bacillus will propagate in egg 
' ’'PP^arance niU colonies will be smooth and creamy. They also show that this smooth 

y the rca u- Manifested by both dissociated wriants and by undissociated cultures, and 
/ resulting colonies i 


of Egg Oil on, Steenken, W., Jr. Am. Rev. Tuberc. 42: 


' cannot be differentiated from one another. 


1074 


THE JOUENAl, OF LABORATORY AND CLINICAL JIEDICLN’K 


Tliese smooth colonies retain tlieir altered appeainnoe only wiiiie thep are grairitif m tie 
presence of the egg oil. Since tliis occurs regardless of the pH of tlie raediuni, tlic 
cannot be a true dissociation ; the smooth form of the colony is merely a physical cfTcc! of tie 
oil upon its contours. 


BLOOD, A New Test for, and Its Application to the Micro-Determination of Hemoglota, 

Barrett, J. T. Brit. J. Exper. Path. 21; 22, 1940. 

The reduced form of the oxidation reduction indicator 2, C-dichlorophcnol indopheed i- 
a useful reagent for the detection of blood. In the presence of hydrogen peroxide anil b!("! 
pigment a red color is produced. A response is obtained with a 1:50, 000 dilution of Umi. 

The reaction has been utilized to determine the hemoglobin content of minute quaBtitih 
of blood. The equivalent of 0.00025 ml. is required for a determination. 

The method for hemoglobin determination follows: 

Reagents. — (a) 0.2 per cent alcoholic hydrogen peroxide. Add 0.5 ml. of 30 per wt 
hydrogen peroxide (perhydrol) to 75 ml. alcohol. 

(b) Eeduced indicator solution. Mix 0.2 Gm. of 2, 6-dichlorophenol indophenol mt 

120 ml. of glacial acetic acid. Add 25 ml. of 1 per cent stannous chloride solution (SnCJ... ,1 
in 20 per cent acetic acid. Stir until the dye dissolves, warming slightly if the 
granular. Finally add 20 Gm. of crystalline sodium acetate dissolved in 50 ml. o 
Store the reagent in a darlc stoppered bottle. . g 

(c) Stock hemoglobin solution. Determine the hemoglobin 

normal blood by the oxygen capacity method of Van Slyke nnd Neill (19-4) • 
blood with 25 per cent alcoliol to give a solution' of hemoglobin containing !.■ '>”■ 
ml. Store the solution in a stoppered bottle in the refrigerator. 

Test for Blood . — Place 5 ml. of the specimen in a clean test tube, ad - 
acetic acid and boil the mixture thoroughly. Cool tlie tube to room temperature a 
of ether. Extract the blood pigment by inverting the tube about twelve 
10 drops of reduced indicator solution in a second test tube, and add ^ to th 

hydrogen peroxide. Transfer 1 to 2 ml. of ethereal extract from the ^ ^ TD?c te'' 


mixture of reduced dye and hydrogen peroxide in the second test ^ nfgfitiru 


A rosc-t 

two minutes, the ‘ 
, of Wood 2,0 


) tic« 

f 


develops in the presence of blood. If no color appears m 

Microdetermination of SemogloVin . — ^Dilute the xvell-mixed specimen soluti® 

with water, using a carefully calibrated pipette. Prepare uakr,cf- 

hemoglobin by' diluting the stock 1.3 per cent hemoglobin solution -00 

0.5 ml. to 100 ml. . labeled "staa^arl 

Pipette 2 ml. of the reduced indicator solution into two test tu es^ giorougUb 
and “unknown.” Add 2 ml. of the alcoholic hydrogen peroxide an staudard onl i-' 

sure that no hydrogen peroxide is left on the sides. Add 0.5 m ■ 0 approprb*? 

mediately afterwards O.S ml. of the unknown solution of hemoglo in jm-g^ting screw! d®” 
and mix thoroughly. After one hour add 10 ml. of water to each tu us'm?"'' 

to mix the contents. Compare the unknown with the standai d in 1 10 c 
glass light filter to facilitate the matching. 


Calculation : 


Beading of Standard 


X 13 


Beading of Unknown 
When a blood low in hemoglobin is encountered, a more 
1:500, should be made. 


Grams of hemoglobin per 


100 


111!. I'll'*’’’ 
y ..l.O'S r; 


LEUKOCYTOSIS, On the Mechanism of, With Inflammation, Menkm, 


snitabledilutlome.?.,- 

V. Am- 


16; 13, 1040. 

Leukotaxine, a crj’stalline nitrogenous substance 


recovered from 


dates, and known to increase eapillarv' permeability and cause " P fin'ot’''' , 

■ the leucocytic m'” 


ISI-S 


nuclear leucocytes, fails to induce an increase in 
either the dog or tlie rabbit. Hence it can scarcely be 

inflammation. 


responsible fer 


(he Icui-'W 


i-tc-v 



^UJSTRACTS 
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Tliere is prOM'ut in exu<late.s a leucocytosis-promotiiig; factor csipable of iiuhicing a lisc 
ia llie Ipucocjte level of dogs. This is demonstniblc when either tho wlioh* or tho ccll-froo 
exTjdate is introduced into tho circulating blood. 

.•Vn infimnniator}' exudate rojnoved from sm animal with leucopenia and injected into a 
■aoimai dog fails, as a Tule, to induce u marhed lise in the leucocyte count. 

Blood serum, sterile broth, bacterial cultures of exudates, and cultures of killed bacteria 
(Sfaiihylococcus mtreus) are all inefTcctive in causing an increase in the leucocyte level of the 
circulation. 

Histamine and adenosine are likewi.se essentially inactive. Extraction of exudates con- 
taining the active leucoej tosis-pioinoting factor for histamine, yields an end product incapable 
of inducing leucocytosis. N'ucloic acid injected into the blood stream m large concentration 
favors, after a considerable latent period, a ri.se in the nundier of leucocytes. This delayed 
effect differs from tho prompt rcspon.se induced by c.Xlldate^. 

The action of the leucocyto.sis-promoting factor seems to be primarily on the bone 
marrow, producing an outpouiing of immatuie granulocytes into the circulation. The factor 
is tliermolabile. Heating the exudate to GO" C. inactivatc.s the material. Tlie factor, after 
prolonged dialj^is of the exudate through a cellophane membrane, is found to be, in large 
part, indiffusihlo. Further studies arc now in progress m an endeavor to identify the nature 
of the letieocytosis-promoting factor present in inflammatory exudates. 


pneumonia in Infants and Children, Pneumococcus Typing in, Bullowa, J. G. M,, and 
Simon, H. Am. .T. Dis. Cliild. 60: 2jG, 1040. 

iVitt the method of pharyngeal evacuation applied to a mummied infant and accom- 
plished by the use of a auction bulb with catheter and trap, pulmonary mucus obtained for 
lypiiig pneumococci gave a type in 95 per cent of cases. Tho portable apparatus for 
evacuation is simple to prepare and use. 

The apparatus consists of a No. 18 French rubber catheter, uith an opening at the end. 
® catheter is attached to a fire-polished and annealed jiyrex glass trap about 4 inches (10.10 
long. From the glass trap through piessure lubbcr tubing, tlic catheter is attached by 
rwa tubing to a sputum bottle stoppered with a No. 5 rubber stopper containing two holes. 
« outlet fiom the sputum bottle, also of brass, leads to a double action rubber bulb or to 
0 e ectric suction pump. Tho pump is of the rotary compressor tyTC, operated by a 
o«e power universal motor. 

Section, a Ward study for Sources of. Long, A. P,, McKhann, G. F., and Cheney, 
■ Am. J. Dis. Child. 60: 322, 1940. 

findin^ concurrent study of hospital infections in an infants' hospital confirmed the 
^ erhed from an earlier survey of the records of the same institution. 

"hicli respiratory tract accounted for G3 per cent of the hospital infections 

acquired by o\cr 10 per cent of the patients admitted. Most of the secondary in- 
• in very young, premature, malnourished, or debilitated infants who liad 

Acu'^ '‘“'’P****^ .several weeks, 

faiients*^ ^ 'fifeetions of the respiratory tract, including pneumonia, present among the 
hedants ns well as similar infections and carrier states among the staff, at- 

E,\a y^hors, were the great source of danger, 
patients new nasopharyngeal bacterial invaders m secondarily infected 

' o PourcG of most of the infections to be liospital personnel and visitors 

feiio^y patients. 

term connection with liospital-acquired infections should be considered, with 

' ®^®^crowdiDg" applied not only to patients but also to the large numbers of 

pjttients who are permitted to enter the wards. 

' ‘‘“ferine .1 in the transmission of organisms followed masking of all persons 

' ^ondn’r M.asking, even with a special type of mask, was insufficient to eliminate 

-iry infections. 


1076 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


TISSUE; Rapid Method of Staining Gram-Positive Organisms in Prozen Sections 
Krajian, A. Arch. Path. 30: 614, 1940. 


Method . — 


1. Fix tissues in a 10 per cent solution of formaldehyde for twenty-four hours or longei 

2. Cut thin frozen sections. 

3. Transfer the section to a glass slide. 

4. Drain and dehydrate immediately with absolute alcohol or anhydrous isopiopato: 
Blow on the section until all the alcohol is evaporated. 

5. Blot dry. 

6. Dip twice in thin celloidin (a pyroxylin preparation). Blow on the section and Ji 
in water. 

7. Stain with Sterling’s gentian violet for two minutes. 

8. Rinse in water and apply Gram’s iodine solution for two minutes. 

9. Blot completely dry. 

10. Flood the section with eosinol (with medicine dropper) and agitate the sli ' 
Generally one or two applications are sufficient to remove the gentian violet and at the Eac 
time counterstain the section red. 

11. Treat with carbolxylene for thirty seconds. 

12. Treat with two changes of pure xylene, fifteen seconds each. 

13. Mount in gum dammar. 

Results: Gram-positive organisms (bacteria and fungi) are stained vice, 

negative organisms are unstained; the background is bright red. 


For emergency examination, fresh tissues are fixed as follows: ii u of t! 

A 10 per cent formaldehyde solution is brought to a boil, and thin ^ ^ 
tissue are dropped into it. The container is placed in a paraffin oven at o ^ 
fifteen minutes’ fixation. Then frozen sections are prepared and stainc as 
scribed. , 

Preparation of Eosinol . — Dissolve 5 Gm. of aqueous eosin in 10 
Precipitate it by adding 10 c.c. of glacial acetic acid and 2 c.c. of concen ra 
acid, and mix with a glass rod. . , qj until i 

Incubate the resulting coagulum at 56“ C. for from twelve to six een 

the water has evaporated. _ ^ anhydrous isoP 


panol 


Dissolve this dehydrated acid eosin in 10 c.c. of absolute alco m plackS 

and 20 c.c. of acetone, stirring with a glass rod for several jigcarJed, fol’ 


in a paraffin oven for two hours. Let the undissolved portion, whic i rs iv ^ pipette, 
to the bottom of the container. Remove the clear portion with a c ean, jtIcei 

to 1,500 c.c. of carbolxydene (1 part of pure phenol crystals in 3 pars ppp^ jjejr po’*' 
Some precipitate will form, which will settle to the bottom of the contain 

; brands of powdered eosin, it >= 


is eosinol. The solution keeps indefinitely. 

Owing to the variation in the staining power of various 
be necessary to standardize the solution by staining control s( 
of the eosinol by reducing or increasing the amount of carbo xy ene. 


control sections and adju.dmgthe 



REVIEWS 


Books and Monographs for Review should be sent direct to the Editor, 
Dr. "Warren T. Vaughan, Professional Building, Richmond, Va. 


Poisons, Their Isolation and Identification" 

As NOTED in the Porcword, the number of poisoning cases in Egj-pt is sufficiently 
^ large to engage permanently a force of chemists in the necessary medicolegal de- 
terminations. This book, written by the late Director of the ilcdicolegal Laborator}' of 
the Uinistry of Justice is, therefore, based upon an extensive and comprehensive experi- 
ence. 

Each procedure detailed has been personally* used and found reliable by the author. 
The book is hence a record of practical experience and as such should prove of great value 
to others engaged in this field. 

The author presents in Chapter X a systematic scheme for the identification of 
alkaloids embodying much that is original. A complete author index and a comprehensive 
general index make the contents of the book readily available. 

Intended as a practical manual for all chemists who have to deal with poisoning cases, 
this book should fill a definite need. 


The Compleat Pediatricianf 

'pHE necessity for a third edition in six years is ample testimony to the practical clinical 
utility of this book. Comprehensive and well organized, it embodies perhaps the most 
wmplete epitome in small compas.s of pediatrics yet available. 

It can be consulted with confidence that the information sought will bo found and 
t at when found it will be in readily applicable form. 

This new and revised edition should prove as welcome and as useful to the clinician 
did its predecessors. 


The Essentials of Applied Medical Laboratory Technict 

I’fiOFUSELY illustrated volume describing the generally accepted routines in clinical 
laboratory work, this book should be of especial value for the clinical pathologisrs 
sistant and can be very highly recommended to all technicians. Indeed, it will probably 
a widely used textbook for technicians. 


Emhalming; Pluids§ 

^ comprehensive discussion of the art of embalming from the earliest to the 
but contains much information of interest, not only to embalmers, 

a so to physicians and pathologists and all who are interested in the historical aspects 
this subject. 


By Frank B.-imford. B.S.. late Director 

.... TtTi.u Foreword by Sydney 

P. Blakiston's 


The^lr Isolation and Identification. — 

|"'hh. Ministry of Justice. Cairo. Egypt. With Fore; 

Son & Co., Phii'S'Sphia ^p^®tiable binding. 344 pages, 21 illustrations. 54.00. 

^mplcM Pediatrician. Practical. DlaBnostle. Therapeutic, and Preventive Pedl- 
”>oth, ea 2 Davison, M.D., Profe‘5sor of Pediatrics. Duke University School of Medicine. 

tThe 54.00. Duke University Press. Durham, N. C. 

Conduct a of Applied Medical Laboratory Technic. Details of How to Build and 

'^mories an Hospital or Office at Small Cost. By J. M. Feder. M.Dm Ihrector of 

Service, Anderson County Hospital. Anderson. S. C.. Cloth, 234 pages, 
imo. ‘“ustrated, two plates in color. 55.00. Charlotte Medical Press. Charlotte. N. C.. 

Fluids. Their Historical Development and Formulation From the Stand- 
^n'Selsohn p 1 t Aspects of the Scientific Art of Preser;’ine Human Remains. By Simon 
^emlcal t,^0"Sbltins Chemist. Cloth, IOC pages, G figures and frontispiece, 54.00. 

Publishing Co.. New York, N. Y. 
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Histopathology of the Peripheral and Central Nervous Systems" 

H ere is a volume that should always be available as a companion piece to any text ob 
clinical neurology. Its function is similar to that of the texts of. general patholoj;- ir, 
relation to texts on general medicine. It is very complete, with discussion of very recent 
studies, including the many forms of meningitis and encephalitis and the myopathies. 

The book is abundantly and well illustrated. 


Laboratory Text in Pharmacology! 

T his excellent manual of experimental exercises is intended to serve as a supplement to 
the more complete texts. It was developed over the course of several years; hence it lin> 
been subjected to the vicissitudes of actual laboratory use. 

Valuable tips are given as to the proper technique of administering drugs to varion.' 
mammals. The reviewer can recall a ruined experiment which would have had better r&oltJ 
had he been forewarned “that rabbits are very adept at kicking syringes and bottles oil t.. 
table." 

The second portion of the book deals with prescription writing and materia niedica, Le 
former of which gives "evidence of becoming a lost art under the pressure of comniem. 
preparations. Throughout, frequent references are given to the current literature. 

The manual can be highly recommended. 


Pathological Histology^: ^ ^ 

■^HE student of pathology and the physician looking for a “ refresher cour^ ^ 
this a text of outstanding value for the purpose. The pathologist, too, v 
valuable addition to his reference library. . pjnlav- 

The text is succinct and authoritative. The numerous ilhist rations of 

transparencies of excellent quality excellently reproduced — are we]l chosen ®n 
the highest commendation. They are, indeed, an outstanding feature o jj i, 

can be highly recommended without reserve. Altogether an excel en 
moderately priced and well worth its cost. 


• Erratum 

On page 730 of the January number of the Journal in the a' jjjppuric 
Kraus, Ph.D., and Sol Dulkin, B.S., entitled “The ” gj^ovild wa*’ 

Acid in Urine,’’ the eleventh line of the paragraph belov a a 

“ten noi'mal sulfuric acid’’ instead of “tenth normal sulfuric 

731 the seventh line of the second paragraph below Table si 

normal sulfuric acid’’ instead of “1 :1 sulfuric acid." g jissf* 

Histopathologj' of the Peripheral and Central Nervous AttcndloE^j^fpi^''' 


JI.D., Professor of 


”&Vrolo^, Uni^^e^sitV of 

Cook County Hospital, Chicago. Cloth, ed. 2, (revised and enlarge Armicc>I''‘e'' 

57.50. Paul B. Hoeher, Inc., Medical Book Department of Harpei x. “ of 

tLaboratory Text in Pharmacologj'. By J. B- Uipri*'^® 

School of Medicine. University of Jlississippi. Paper, 85 page^, ii- 


Philadelphia, London, Jlontreal. 


Robertson F. Ol^ivie, 

miner in 
F.R.C.P. 

lorod plates, SS.oU- 


AI.D.. 


PaliioldaisL fo?'^”f?e^ j/lribokJ?" 
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CLINICAL AND EXPERIMENTAL 


THE DIAGNOSTIC VALUE OF THE TAKATA-AEA REACTION IN 
THE CEREBROSPINAL FLUID® 


Paul B. Szanto, JI.D., and Samuel Burack, M.D., Kanilakee, III. 


T ABORATORY tests devised for tlie examination of the cerebrospinal fluid are 
La numerous. Despite tliis ive agree ivitli Kafka' that investigation of pio eins 
in cerebrospinal fluid opens up new fields of research, particular j in le 
albumin-globulin relationship. . . 

Eskuehen' stressed the importance of the different colloidal and pro ci 
reactions, the proteins (albumin and globulin) varying in their sensitni y o 
the various reagents. He introduced the term “protein speotrum. c 
also consider the statement of Kafka' that pathologic processes result not only 
in quantitative change of the globulin and albumin and change of the ratio 
between both, but also qualitative alteration of the proteins themselv^. 

In 1925 Takata and Ara‘ introduced a new serum colloid test for differentia- 
tion between lobar and bronchopneumonia. In the same year thej use t le tes 
lor examination of the cerebrospinal fluid to differentiate between bacterial 
meningitis and syphilis of the central nervous system. 

, The reaction is based on the following: If a solution of mercuric chloride 
rs mixed with sodium carbonate in the presence of a protein colloidal system, for 
•: “ompio, spinal fluid, there results a colloidal solution (HgO). The addition of 
fuchsin solution results in thd formation of a violet blue color because the fiiehsin 
; « adsorbed by the colloid (HgO). In syphilitic spinal fluid there occurs a Pre- 
of the colloids with a resulting violet blue to blue color. Spinal fluid 
“ bacterial meningitis gives a red color with little or no precipitation. Normal 
. spinal fluid gives a violet blue color with no precipitation. 

* a. ^ Staub*^ and Jezler’ introduced the Takata-Ara serum test for the 
of parenchymatous liver diseases, especially for the diagnosis of liver 

*^om the Kankakee State Hospital. Kankakee. Dr. G. "W. Morrow. Managing Offleer, 
^'^celvea for publication, March 4 . 1940. 
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cirrhosis. In the following years many investigators (Staub,® Skoiige,® Seliindcl 
and Barth/'’ Takata/^ Kirk/- and Fnlde'®) affirmed the diagnostic value of ths 
test for hepatic cirrhosis. 

The reports of Takata and Ara on the cerebrospinal fluid in central nervous 
system syphilis were confirmed for the most part by various workers. 

Miinzer^'* examined 100 persons, of whom 30 had general pare.si.s. Tlifse 
30 gave the paretic type of Takata reaction, while tlie bacterial meningitis pn- 
tients did not give consistent results. In those with paresis there was a parallel- 
ism between the Takata and Lange tests. 

Nicole’® found the Takata test more sensitive than the Eoss- Jones, ddi- 
brodt, and Nonne-Apelt tests. He stated that the test was not specific foi hac- 
terial meningitis. Blum,'® Cameron and McCulloch/' and Monias lepoitf 
similar findings. 

Walton'® examined 350 spinal fluids and found a parallelism hetneen tlie 
Takata test and the Lange and mastic tests. He also stated the test vas no 
specific for bacterial meningitis. All the workers mentioned follonec 
less the original technique of Takata and Ara. Ucko-° 
blood serum test, and this modification was applied to the spinal flui ^ 
hacker.®' Ornstein used the same modification, and both he an ^ 
affirmed the diagnostic value of the modified Takata-Ara reaction oi 
syphilis. , . 

We felt it would be worth while to evaluate the results of the a ^ 
test for the following reasons: First, we wished to itself 

test as originally described by Takata and Ara. Our material i RO „ 
to evaluation of the specificity of the test for bacterial mcningi is. ► ^ 
wished to compare the diagnostic value of the test in ^jji^iljiieation 

cerebrospinal fluid determinations. Third, we wished to see v pj„a!lr, 

gave best results from the standpoint of both simplicity and sensi n . ^ 
we attempted to reach a better understanding of the mechanism le 

TECHNIQUE AND INTERPRETATION _ 

. • * . fl) tllCOl-"?®' 

The Takata-Ara reaction can be pei’formed in tvo v i. ■ ■ ted'" 

five- tube method and (2) the so-called one-tube method, u live 

nique, 1 e.c. of 0.3 per cent sodium chloride solution is ac e in the 

Wassennann test tubes. One cubic centimeter of spinal ui i ^ of the mh- 
first and second tubes. The second tube is well agitated, an ^ 
ture is added to the third tube, etc. One cubic centimeter 
is discarded. One drop of 10 per cent sodium carbonate ^ a rcagt”’* 
each tube, followed by 0.3 c.c. of the Takata reagent. T le a iu cqiinl 

sists of 0.5 per cent mercuric chloride and 0.02 per cent fuc ^ 
amounts. The tubes are well shaken and left at room 
are read after five, fifteen, and thirty minutes, and .“°f' niimfl''^' 
hours. If the pireeipitation occurs immediately, or " p,ftocii 
have a three-plus reaction; if the precipitation is complete a twoi'O'^®''^ 

the reaction is two plus; after thirty minutes, one plus, an ^ ptiiro- 

hours, one plus. The results were plotted on a curve. * 
syphilis gives complete precipitation in a short time. 
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In the one-tube method Ucko^s modification was applied, wherein fuchsin 
solution is not used. The i*eagents required arc 10 per cent anhydrous sodium 
carbonate and 0.5 per cent mercuric eliloridc solution. One cubic centimeter of 
spinal fluid is placed in a "Wassermann tube to which is added one drop of the 
sodium carbonate solution and 0.1 c.c. of mercuric chloride solution. The exact 
amount of sodium carbonate used is very important because thi.s substance 
influences the pH of the entire colloidal system, (ilasoo and Sorum-^ showed 
that the sensitivity of a gold sol in the Lange spinal fluid test for paresis in- 
creases with an increase in the particle si/.e, and decreases with an increase in 
the pH. AVe were able to show that the same principle applies to the Takata-Ara 
test. The results are read immediately, then after five, fifteen, thirty, sixty, and 
ninety minutes. 

The interpretation of the results in the one-tube method is as follows: 
Three plus is indicated when flocculation occm*s immediately with sedimentation. 
In a two-plus reaction complete flocculation and sedimentation occur in from 
fire to thirty minutes. A one-])his reaction is indicated when an opacity occurs 
within thirty minutes. The reaction is negative wlien the mixture remains clear, 
or when there is a very slight oiiacity after thirty minutes. 

At first wc used both methods. However, we soon saw that our results 
with the one-tube method were as accurate as with the five-tube method. 


MATERIAL AXD RF..SULTS 

Ve examined 314 persons. Of these there were 167 with general paresis, 
heated and untreated. 'Many of the treated patients had completely negative 
routine laboratory findings. In addition wc had 147 individuals without paresis, 
with dementia praecox, 40 with chronic aleoliolism, 8 with idiopathic epi- 
epsy, 9 with mental deficiency, 4 with psyclioneurosis, 1 with pachymeningitis 
lemorrhagic interna, 1 with multi[)lc sclerosis, 2 with manic-depressive psychosis, 
0 with cerebral arteriosclerosis, 12 without psvehosis, and 1 witli traumatic 
psychosis, 


GEXERAI. PARESIS 


Our group of patients with general paresis had been on treatment for a 
uiiuci. of years and some of them had resultant negative serologic and spinal 
fiuid findings, 

ca. T67 cases there were 34 with Ihrce-plns Takata reaction. In every 

tie spinal 'Wassermann was strongly positive. The Ross-Joncs test gave 
^o^iositne result in 19 cases, a trace in 10, and a negative result in 5. The cell 
iu'o tiiaii ten in 11 cases, between ten and fifty in 14, and over fifty 

• ^ he gold sol reaction was in the fii’st zone in 32 cases, and in the middle 
‘One m 2 


Was cases of two-plns Takata reaction. The spinal Wassermann 

every ease. Tlie Ross-Jones test was iiositive in 4, show'ed a 
negative in 2. The cell count was less than ten in 4 cases, 
first ^Tty in 2, The gold sol reaction was in the 

' eases, and in the middle zone in 6. 

uiann persons gave, a onc-plns Takata reaction. The spinal Wasser- 

positivc in 64 and negative in 3. The Ross-Joncs test Avas positive 
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in 2, showed a trace in 23, and was negative in 42. The cell count ivas less than 
ten in 49, between ten and fifty in 15, and over fifty in 3. The gold sol reaclion 
was in the first zone in 1 ease, in the middle zone in 32, in the end zone in 32, 
and negative in 2 cases. 

There were 53 persons with negative Takata reaction. The spinal Wasser- 
mann was positive in 13 and negative in 40. The Koss-Jones test showed a trace 
in 2, and was negative in 51. The cell count was less than ten in 52 cases and 
between ten and fifty in 1. The gold sol reaction was in the first zone in 1 
ease and in the end zone in 3 ; there was none in the middle zone, and 49 cases 
w’ere negative. 

In the 147 persons without paresis the Takata reaction was negative. 

The Takata-Ara reaction resembles the Weiehbrodt test in that it utilizes 
mercuric chloride. However, there is a striking difference in the results. In 
the Weiehbrodt test 0.3 c.c. of 1:2,000 mercuric chloride solution is added to 
0.7 c.c. of spinal fluid in a test tube. A positive test is indicated by flocculation 
or opacity. We performed this test in 49 patients. In 31 both Takata-Ara and 
AVeichbrodt tests were negative; in 18 the Takata-Ara reaction wasposithean 
the Weiehbrodt test was negative. 

Table I 


Helationship op Takata-Aka and Gold Sol Eeactioks to the Globulin-Albwik 


case 

SPINAL 

•\VASSER- 

MANN 

LANGE 

CELL 

COUNT 

KOSS- 

JONES 

takata 

B 

W. H. 

-H-H- 

6555433111 

62 

Positive 

•f+f 

no 

M. B. 

-(-H-f 

5444321100 

65 

Positive 

■fH- 

2.6 

R. D. 

-H-H- 

5555432111 

66 

Positive 

-H+ 

l.i 

1.6 

W. B. 

-H-H- 

3342211100 

42 

Positive 

-H- 

G. W. 

-H-H 

5543311110 

48 

Positive 

-hH- 

1.1 

V. M. 

•f'f i-f in 1 
C.C.; nega- 
tive in 0.5 

2221110000 

11 

Negative 

•f 


M. D. 

c.c, 

4-H-f 

4332111000 

6 

Negative 

-H+ 

].< 

1-0 

G. W. 

-H-H 

4332211000 

15 

1 Trace 

i ttf 

2.S 

E. P. 

-H-H 

5432111000 

29 

Trace 

' -fH- 

2.1 

T. D. 

-H-H 

5544432111 

266 

Positive 

■H4 

1.6 

T. M. 

-H-H 

5554331110 

34 

Trace 

-f-f 

1.2 

G. T. 

-H-H 

3221110000 

67 

Trace 


2.1 

L. E. 

HH 

5433211100 

28 

Positive 

•H-f 

-H+ 

-H+ 


0. H. 

-HH 

5543321110 

40 

Trace 

2i 

B. E. 

H++ 

5554432110 

21 

Negative 

2.6 _ 

G. P. 

-H-H 

5554443210 

i 36 

Positive 

L" 


COMMENT _ 

Our results indicate a strikmg parallelism between the positive 

the gold sol reaction. Of the 114 persons with general paresis^^ 

Takata reaction the gold sol reaction was negative in only two.^ jcacti® 
sons with general paresis with negative Takata reaction the show? 

was positive in only 4. In addition, the degree of the Taka a r ^ 
a parallelism with the gold sol curve. The Takata reaction is ij'jjjj-ita rcn<^' 
sitive than the Eoss-Jones test. Of the 114 persons with posi j-egard io 
tion the Eoss-Jones test wns negative in 49 cases, or 44 per cen . 
the cell count there is no parallelism. 
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JIECHAXISM 

Takata and Ara believed that flocculation and sedimentation depend upon 
an alteration of the globulin-albumin ratio. Wc attempted to prove this theory 
and in addition to demonstrate that there is a parallelism between the globulin- 
albumin ratio in the spinal fluid and the Takata-Ara test. 

The determination of the globulin-albumin ratio in the spinal fluid is very 
difficult because of the minimal amounts of protein present. We found that 
for this purpose IvafkaV*^'” volumetric method was best. Wc examined 16 
persons with general paresis. The results are shown in Table I. If the globulin- 
albumin ratio was high, i.e., above 1.6, the Takata reaction was strongly positive; 
this was usually associated with a Lange curve in the first zone. On the other 
hand, with the ratio varying between 1.0 and 1.6, the Takata reaction was only 
weakly to moderately positive, and the Lange curve was usually in the middle 
zone. This seems to indicate that tlie higher the globulin-albumin ratio the 
stronger will be the Takata-Ara reaction. 


SUMMARY 

1. The Takata-Ara reaction is of great value in tlie diagnosis of syphilis 
of the central nervous system. 

2. The Takata-Ara reaction shows an absolute parallelism to the gold sol 
reaction. 

3. The Takata-Ara reaction is more sensitive than tlic Ross- Jones test. 

4. The Takata-Ara reaction of the spinal fluid seems to depend upon the 
globulin-albumin ratio. 

5. There appears to bo a parallelism between tlie globulin-albumin ratio 
and the Takata-Ara reaction. 
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EPINEPHRINE SECRETION PROM THE APRENAL ^GLANDS IN 
RELATION TO PARATHYROID ACTIVITY® 


J. M. Rogoff, AI.D., Sc.D., and George N. Stewart, U.S., Pittsburgh, 1 
Ruth Cortell, Ph.D., Chicago, III. 


I 


N AN earlier study^ it was shown that tlie rate of libeia ion 
from the adrenal glands in dogs with experimental hjpoi ? Q^jiyroWisWr 

different from that in normal, control animals. Experiments on . 

’ . . , llnotofl 1)1 


^ irmieiuo 

induced by extirpation of the thyroids, may he 

hvroil'' 


of concurrent hypoparathyroidism. Experiments on 
animals, therefore, have been included in this report. 

Probability of functional interrelationship betweui evidflicf 

the adrenals is suggested from cei'tain earlier (he 

indicates that .such an interrelation.ship is probably oonceinc ^ ,i,f(iiilb 

of the adrenal cortex, hut it does not exclude the possi )i 1 . 
may play a significant role in the phenomena ohsei'A e . , , mp syropt’'’’' 

Rogoff and Steward found that adrenalectomized pmdi''!'- 

that are commonly' associated witli disturlianccs in piii-ilicrnioo. 

jSIuscular twitching, .spasms, and tetanic convulsions often oc foiik9l 

bilateral adrenalectomy' is commonly' followed by an {oiiihl 

of the lilood.'* At autopsy severe congestion and henioii hy fJ'I*'.' 

alimentary' canal of adrenalectomized dog.s, similar to p{ 

in unoperated dogs follmving admini.sti'ation of laige 

nJ mo 

— ' . . —f r'Uio'icOt tint* IH" «>••* 

«From the Physiological Laboratory, Pith‘^burffh. . ‘ 

mental Endocrinolojiy.t School of Medicine, Lniversitj ® ^ 


loiy.t School of Medicine. University of omnbutien: 

by the G. N, Stewart llemorial FunO. founo«' K. Wifi- 

St. N. L. Dauby, 3lr.=. France.s AV. Lan„. ana n 


IS fr-’i'i ' 


TSiipporteil by 

p. Beaumont Trust. . . . . 
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The changes Hint occui- in llie blood and the disturbances in tlie alimentary 
canal that arc found during acute adrenal insufficiency in adrenaleetomizcd 
dogs have been observed in animals with subacute and chronic adrenal in- 
siiffieicncy created by the method deserihed hy Eogoff." In tliese animals, 
as well as in those surviving bilateral adrenalectomy without treatment nearly 
or up to a fortnight, it has licen observed that there is a relatively higli incidence 
of parathyroid enlargement." Some of the blood changes that occur in these 
animals are the same as those eau.sed by administration of parathyroid extract. 

Certain changes that occur in the rat incisor following bilateral adrenal- 
ectomy were found by Sehour and Rogoff' to be similar to the disturbances 
in calcification of the dentine observed hy Sehour, Tweedy, and MeJunkin® 
following administration of parathyroid e.xtract. The rat incisor as an indicator 
tor changes in calcium metabolism is suggested from the sensitive response to 
parathyroidectomy observed by Erdheini.® 


The foregoing c.xpcrimental evidenee points to a probable adrenal-para- 
thyroid interrelationship. It appeal’s that the adrenal cortex is concerned 
wth this possible inteiTelationship. Experimental data concerning the adrenal 
medulla in relation to parathyroid fuiictioii is less convincing. Some observa- 
tions on tlie pharmacodynamics of epinephrine suggest a possible influence 
oil calcium metabolism. However, unless siicb observations are quantitatively 
related to amounts of cpiuophvinc that the adrenals arc known to be capable 
of liberating, they may bo misleading. Mathicu and Bacq’" failed to obtain a 
significant effect on the blood calcium of dogs witli paratliyroid insufficiency 
when they administered pliysiologic quantities of eiiinephvine. 


Some invostigator.s liave found a rcdnctioii in the epincplirino content of 
the adrenals in animals with jiarathyroid insufficiency,”’ ” while others ob- 
served no ehaiige.”-” Of course, the amount of epinephrine stored in the 
odrenal cannot indicate the rate of its liheration; it can represent no more 
than the balance between production and liheration. However, tliese conflicting 
tssiilts suggest the possibility that thyroparathyroidcctomy sometimes may lead 
to disturbances wliich interfere with storage of epinephrine in tlie adrenals, 
nrae disturbances may not develop in all thyroparathyroidectomized animals, 
his suggestion might he offered in explanation of similar observations regarding 
0 sate of epinephrine secretion reported in this article. 

Indirect evidenee has been offered in support of the view that certain mani- 
^ ations of parathyroid insufficiency are associated with a corresponding in- 
o'^oase in eirculating epinephrine.'” Czarnccki and Sarabia” found no evidence 
i liberation of cpineplirine from the adrenals in dogs with parathyroid 

tieorgopoloiis obtained negative results with peripheral blood 
investigators did not make quantitative determinations of 
sate of output of epinephrine from the adrenals. 

1 ,^. 'tivestigation is concerned with the question whether experimental 
j]'j,j^*’'’™”'.'’soidism or ’hyperparathyroidism is associated with a detectable 
Pw u' •**'.'' liheration of epinephrine from the adrenal glands. Hyper- 

— ^Jioidism was induced hy administration of parathyroid extract,*’ and 




rouRly siipphcfi by EH Lilly and Company. 
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hypoparathyroidism l)y Ihyropai-athyroidectomy which, of coiiree, includes anv 
possible influence that might result from loss of the thyroid. 

The characteristic manife.stntions of hypothyroidism are not readilv ob 
laincd in adult dogs following thyi'oidcctomy. This is generally attributed 
to the presence of accessory thyroid tissue or to incomplete removal of tk 
thyi’oids. Howover, definite manifestations of hypothyroidism can be induced 
by complete thyroielectomy in young dogs if sufficient parathyroid tissue remains 
to prevent the complications of parathyroid deficiency. It may be assumed 
also that complete thyroidectomy in older dogs might he associated nith some 
physiologic dislnrbanees that are not as yet recognized. 


'r.uii.E I 

Epixei'hi'.ine Ootpot ik TiiYKOP.viiATUVKOiOEcroMizED Dogs 


RECOIID 

KUMBER 

sex 

BODY WEIGHT 
(KG.) 

SERU.M CAI.CIU.M 
PER 100 C.C. 
(MG.) 

adrexal 

WEIGHT (GM.) 

epixephei 

PEP. MIXL 

<E orwn 

TE (MG.) 

rjf'n ir(r» 

IXITIAL 

FINAL 

IXITIAL 

nXAL 

mouT 

LEFT 

PER AXIMAL 

Fit. 

'TibddoiT" 

0.00017 

0.00013 

0.0009 

O.OOOW5 

0.00021 

0.00015 

0,0002 

0.00003 

0.00015 

0.00017 

21 

3S 

01 

02 

GS 

09 

71 

7.3 

74 

2-15 

1-Sl 

IT" 

Jll 

M 

M 

F 

xM 

.M 

M 

F 

M 

U 

11.7 

12.0 

5.5 

7.3 

9.5 
10.5 

7.3 

13.0 

S.O 

12.1 
13.3 

MMiH 

mPEm 

mi 

10.17 

11.85 

12.01 

10.02 

10.00 

11.00 

12.27 

10.88 

0.10 

7.44 

4.30 

4.03 

5.55 

5.28 

4.88 

5.70 

0.73 

0.52 

0.40 

0.41 

0.04 

0.02 

0.40 

0.70 

0.50 

0.7S 

0.85 

0.70 

0.57 

0.40 

0.38 

0.61 

0.59 

0.50 

0.70 

0.50 

0.70 

0,76 

0.00010 

0.0021 

0.00111 

0.00505 

0.0004 

0.00225 

0.00135 

0.0024 

0.00023 . 

0.0017 

0.0023 


Table II 

Episephrine Output ix Tuvp.oparatiiyroidectojuzei) C 


RECORD 

NUMBER 

SEX 

BODY WEIGHT (KG.) 

DURA- 

TION 

(PAYS) 

SYMP- 

TOMS 

IXITIAL 

FINAL 

1-83 

F 

2.1 

0 o 

8 

- 

1-84 

F 

2.5 

2.5 

4 

_ 

1-80 

F 

2.7 

2.0 

0 

H — 

1-90 

P 

1.9 

1.9 

11 

- 

2-22 

AI 

4.54 

3.9 

14 

4- 

2-31 

F 

2.01 

2.04 

10 

+ + 

2-32 

F- 

1.93 

1.7 

O 

+ 4-F 

2-33 

F 

3.04 

3.3 

2 

-f -f 

2-34 

F 

2.73 

2.27 

6 

•F + 

2-40 

M 

2.94 

2.32 

27 


2-41 

F 

3.1S 

3.03 

50 

-1 — 


ABREXAL WEIGHT] 

RIGHT I LEIT 
0.110 
0.15 
0.20 
0.09 
0.30 
0.2 G 
O.IS 
0.33 
0.21 
0.12 
nei 


0.105 

0.15 

0.21 

O.OS 

0.28 

0.20 

0.15 

0.3.3 

0.21 

0.14 

0.19 


EPIXEPHEIXE 

PEI. MIXGTE 
PER AXUIAL 

“mbooir^ 
0.0002 
0.00075 
0.00015 
0.0011 
0.0003 
0.0005 
0.00033 
0.00025 
0.0005 
0.00025 



ofTin 

O.OOOlS 

0,00005 

0.00029 

ocooos 

0.00025 

0.0001 

0.00029 

0.0001 

0.00011 


THYROFARATHYROIDECTOJIY .. 

J 11 /Inrrs (Table I) . 

Thyroparathyroidectomy was performed on li Q o jj};eration of 
eats (Table II). Quantitative determination of the rate o jjogoff-’ 

nephrine from the adrenals was made by the method of pgj.jods ran?'”^ 
The epinephrine output from the adrenals Tvas deteimine a j,n 

between two and thirty days after thyroparathyroidec omj 
between two and fifty days in the eats. 
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In the cat (2-41) on which determination of the epinephrine output was 
made fifty da5's after thyroparathyroidectomy, moderate symptoms were 
: present during about half of the experimental period. The symptoms then grad- 
. ually subsided. One cat (2-33) was thyroparathj’roideetomized during advanced 
, pregnancy. Marked tetany developed on the second day after the operation, 
indicating that the parathyroids of the fetuses did not protect the mother. That 
. fetal endocrine organs do not function in place of the corresponding maternal 
organs when extirpated was found in the case of the adrenal (Stewart and 
Rogoff) and in recent observations (unpublislicd) in case of the pancreas. 

Manifestations of parathyroid deficicnc3', ranging from apathj' and mild 
muscular twitchings to severe convulsive seizures, were present in nearly all 
animals at the time when thej’ wore sacrificed for determination of the epi- 
nephrine output. In 8 of the dogs total calcium was determined in the blood 
^ serum by the Clark and GoUip modification of the Kramer-Tisdall method.^® 
As shown in Tabic I, a decided reduction in serum calcium occurred in all ani- 
;■ mals. Some of the dogs received parathyi'oid extract or calcium therapy to con- 
'■ trol severe symptoms. In these cases the therapy was discontinued to permit 
the sjTnptoms to reappear before the animal was used for determination of the 
epinephrine output. In the eats and in four of the dogs no therapeutic meas- 
: were employed. 


Dog 21 developed symptoms of parathyroid insufiBcicncy eight days after thyropara- 
t yroidectoray, Calcium lactate (10 <3m. daily) was administered for eighteen days there- 
after and ^Yn8 discontinued four days prior to determination of the epinephrine output. 
0 symptoms were controlled by the calcium therapy and reappeared when therapy was 
scoatinued. Clonic convulsions were present when the animal was sacrificed for determina- 
hon of the epinephrine output, 

la Dog 69 tetany developed on tho fourth day after thyroparathyroidectomy. Calcium 
S ucoaate (lo c.c. of 10 per cent solution), which controlled the symptoms, was administered 
w ravenously. Three days later the symptoms reappeared and the animal was sacrificed 
trLt*^ for determination of tho epinephrine output, without receiving any further 

61 and 62, both young, developed tetany on the second day following thyro- 
yroidectomy. Each dog received 50 units of parathyroid extract. Tho symptoms 
rin^ contiolleflj and Dog 61 was sacrificed the following day for determination of the epineph- 
rar^ developed violent convulsions on the fifth day, and 30 units of 

i extract was administered. Determination of the epinephrine output was made 
following day. 

Units tetany on the second day after thyroparathyroidectomy. He received 100 

symrit*^ Parathyroid extract and the symptoms were relieved. Four days later, when the 
were again in evidence, the epinephrine output from the adrenals was determined. 
foUoi • developed severe tetany on the third and second day, respectively, 

the^ ^^'J'^oparathyroidectomy. Determination of the epinephrine output from the adrenals 
made, without resorting to therapeutic measures. 
d*^t tetany on the fourth day and it was present on the sLxth day 

;3 of the epinephrine output was made. Mild tetany developed in Dog 

’Peterin' following thyroparathyroidectomy, when the animal was sacrificed for 

^ 'On of the epinephrine output from the adrenals. 


tajj; 


"^611 dogs 


HYPERPARATHYROIDISM 


- betw 


^’ere subjected to the influence of parathyroid extract for periods 


k’een one and fourteen days (Table III). In all cases a marked 


loss 
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elevation of the level of total calcium in the blood existed at the time ivhenthe 
animals were sacrificed for determination of the epinephrine output from tk 
adrenals. 

T.mhx hi 


EnNEI*J(f:i.NE OUTI’CT I.\- Docs AVITII EXI’EKIMEXT.U, HYPEl:PAE.\TliyEOII)ISM 


HECOi;i» 

SKX 

JIODY 'WEIGHT 
(KG.) 

SEUUAt CALCIKM 
PER 100 CX\ 
(M«.) 

COM- 

Ill NED 

AVEIGIIT 

0,E 

TIIYKOIDS 

(GM.) 

ADP.EXAI, 

WEIGHT 

(O.M.) 

EPixEPiiKisr, onPCT 
PEP. MI.XETE (MO.) 

IKlTIATi 

nXAE 

INITIAL 

VIXAI, 

UIGIIT 

LEFT 

PEP. AX'IJtAL 

PEE KC. 

1 

A1 

AI 

P 

P 

Al 

Al 

AI 

.S.6 

6.5 

8.6 

5.9 

5.4 
in.s 

9.1 

11.0 

10.7 

7.5 

1 

!).56 
9..84 
11.14 
11. 0.'! 
11.05 
10.43 
9.SS 
10.69 
9.31 
10.25 

14.74 

15.83 

15.37 

10.66 

10.63 

10.54 

15.29 

I. S.3S 

II. 71 
19.03 

1.21 

0.44 

l.OS 

1.74 

1.14 

1.13 

0.90 

0.41 

0.44 

0.73 

0.40 

0.3S 

0.70 

0.4.1 

0.63 

0.82 

0.70 

0.43 

0.3!) 

0.63 

0.40 

0.3S 

0.7S 

0.49 

0.54 

0.65 

0.70 

O.0022( 

0.00024 

0.00078 

0.00007 

0.00146 

0.002.33 

0.001S5 

0.00109 

0.00262 

0.00204 

0.60027" 

0.00004 

0.0001 

0.00012 

0.00034 

0.00022 

0.00024 

0,00011 

0.00027 

0,00025 


Eog 41 received dOO units of puriitlivroid cxtrsict in fiic monung an 
tile afternoon of the sniue day. Epinephrine output was determined cigieen 
tlio last injection of paratiiyroid extract. , 

Dog 43 received 220 units of parathyroid extract on tlic first daj, -30 
day, and 100 units on the tliird day. Epinephrine output was determine s 
after the last injection of parathyroid extract. ^ 

Dog 44 received 200 units of parathyroid extract in the morning and 
afternoon of the same day. Epinephrine output was determined seiencen 
last injection of paratiiyroid extract. 


Dog 47 received a daily injection of 100 units of estw'i 


each of th'“ 
net 
mal 


successive days. Epineplirinc output was determined on tlic foiutli aliraentary 

caused considerable vomiting. Severe congestion and hemonh.igc in 
were found at autopsy. coofccotiw 

Dog 4S received 50, 30, 30, 50, and 30 miits of paratiiyroid 
days, respectively. Epinephrine output was determined on the sixth aj. 5 is cos- 

Dog 50 received 50, 50, 50, 100, 100, and 100 units of f ^ j^gurs after the 

secutive days, respectively. Ei>inephrine output was determined or j e 


last injection of extract. 


tlie sixtli 


and tvreift'' 


iras 


Dog 55 received 50 units of parathjToid extract daily except on output 

days. On the thirteenth day 75 units were administered and tic cp 
determined on the fourteenth day. conseentbe dal’s- 

Dog 56 received 50 units of parathyroid extract daily for tw 
Epinophrine output was determined on the thirteenth day. acecuti''® 

Dog 57 received 50 units of parathyroid extract daily hours '''j 

20 units on the sixth day. Epinephrine output was determined or gtomach 

last injection of parathyroid extract. A hemorrhagic ulcer n.as aamia' 

autopsy. In this animal and in Dog 50 the serum calcium had re urn 
epinephrine output was determined. extract, serea 

Dog 60 received two injections of 50 units each of admr’r'®*®^^'!-^!,- 

apart, on one day, and 50 units the next day; no parathyroid ex ra t ' ^ 

following four days; then 5 doses of 50 units each were adnunis er^ injectioa a r 
hours. Epinephrine output was determined fifteen hours after i 
thyroid extract. 
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OISCUSSIOX 

In only one animal receiving parathyroid extract (Dog 43) was the rate 
of liberation of epinephrine from the adrenals found to he outside the range 
ordinarily occurring in normal animals. In view of tlie normal output found 
in the other nine animals, we hesitate to attach significance to the relatively 
low epinephrine output found in this animal. 

None of tlic tliyroparathyroideetomized cats showed significant alteration 
in the rate of liberation of epinephrine from the adrenals. Among the dogs, 
however, we found a definite reduction in epinephrine output in three of the 
eleven experimental animals. Normal rate of liberation was found in the other 
eight dogs. It appears probable that in some tliyroparathyroideetomized dogs 
conditions may develop which can affect the adrenal medulla. This possibility 
might explain the conflicting results tliat liave been reported conceniiiig the 
epinephrine store in the adrenals, previously mentioned. 

It is known that existence of accessory parathyroids is not uncommon. The 
suggestion may he made that such acec.ssories, though functionally inadequate 
fo prevent the usual manifestations of parathyroid deficiency in thyropara- 
Ihyroidectomized animals, might suffice to prevent reduction of tlie epinephrine 
fiiUput. This covdd cxpUuu the negative results in the cats and in the 8 dogs 
that showed normal epincphi'ino output- 

The possible infiuoneo of relative deficiency of thyroid, together with para- 
tlijToid deficiency occurring in some animals Imt not in others, may he suggested. 
In the light of present knowledge, however, this can he no more than mere 
speculation. 

The results of our experiments, while not conclusive, support tlie existing 
suggestion of a probable functional intori'elationship between the parathyroids 
and the adrenal medulla. Further investigation i.s necessary to olitaiu more 
unequivocal evidence. However, it appears that under some conditions, the 
nature of which is not known, parathyroid in.sufficieney can lead to a 
reduced rate of in)eration of epinephrine from the adrenal glands. 

SUAIMARY 

■ certain conditions, the nature of which is ohseiu'e, parathyroid 

Mi^ioiency can lead to reduced epinephrine output from the adrenals, 
does** induced by administration of parathyroid extract, 

appear to influence the rate of eiiincphrine secretion from the adrenals. 
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A CASE OP IXSULIN ALIjERGY SIi\JULAT]NC! CORONARY OCCLU^W^’* 


IIarri P. AVkcmslrr, JLD., Laurkncf. Farmer, JI.D., and 

Jerome A. Umux, 21.D., New York, N. Y. 


T. MEROXiS enso.s' of insulin allergy have been reported in the litei'iiBW' 

» tie majority of fliose ease.s, local or generalized urticaria and angw- 
neurotic cdpnm . t • . . , nf in- 


■' ‘A tiiese ease.s, Jocal or genernbocu - 

no le c( ema dominated tlie clinical picture. In a smaller mimhcr of 1 “’ 
stances, there were more severe allergic reactions, such as circulatory impa'f' 
nen , pastiointestinal synijitoms, puJmonazy edema, and collapse. Inmumol'’"^ 
uc les levealed that the ob.serverl ?1 itrifi” wfiQ rhm either to'pwl^" 


■'ttw 

. '-1 


oH ?•' iitbtinai symptoms, pnJmonaz*y edema, and eollap 

icies levea ed that the observed hyporsensitivitv was due * 

npunties aoeonipanying the imsulin or to pure crystalline insulin itself. 
sive transfer of the seMsitJ.r:+-,r instances. A cowP*'^' 

_ - niin 


. > nnj iiiKuun or TO pore erysrainne lasuuu 

. le ,ians er of the sensitivity was effected in several instances. Acowpi'^ 
ensive levie^v of the literature has rccontlv been published by Herzsteiaan 
Poilack.i 


' ' 6 , , 


The following case of insulin allergy, whicli followed the general imffiu- 

^JC Pattftro. tn*Qc*M>T + .-7 A _ . J * ■» f» W 6 ^ 




n . 01 iiusiian alierg 3 % winch loiiowea 

P^'^s^^Jrted an interesting, and as far as w- 
described differential diagnostic problem 


Hma ’ ^ white woman, was admitted to the Leno.v Hill Hospital for 

tiinc on finritinT-Tr a tAon ^ jt « ^rofforfi of 


Aviiiie woman, was admittet 

left raZs 

and 91 ) rin'f- ^ found to be suffering from diobetea inuunu., . 

tiniiBU + / f 1 **^®^^*^ (Iletin) daily. She discontinued her diet after one jo-ap 
tmued to take the 20 uni.o 


for d>f 

to the i>eno.v mu 
immobilization of a fracture 
. .. .1 m,t on 3 

but cou- 


-Ah, 


diabetes njcliitiis and w’as put on 


•'-tr,. 


Laureni^ HflT'HosSit!a\?wY^i Se»'rvc"ltfeger and the Allerg}’ Cl»'“= 
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She Tvas reatlniittcd to the hospital on July 21, 1936, for an osteom 3 'elitis of the light 
toe. During her stay at the hospital she was again put on a diet and 20 units of Iletin. 
She was discharged on September 21, 1036, and told to discontinue her insulin as the diet 
alone sufficed to control the diabetes. The patient took no insulin until December, 193S, 
when 5 units were administered because of glj’cosuria and pruritus vuKae. Ten minutes 
after this injection she became unconscious, dN'spncic, thrashed about, and had a cold sweat. 
She was given orange juice and completel}' recovered from the attack m about two hours. 
Since this episode she has been fearful of taking insulin. 

Her third admission to the Lenox Hill Hospital was on April 3, 1939, for an ulcer 
of the right foot. Phj'sical examination revealed a markedly obese elderlj' woman who 
did not appear acutely* ill. Her temperature was 100.8® F.; her respirations were 20 per 
minute. There was no d^'spnea or cyanosis. Numerous areas of vitiligo were present in 
the skin, and on the sole of the right foot was an ulcerated callus. 

The pupils were equal, regular, and reacted to light and accommodation. The selerae 
were clear. There was no exophthalmos, lagophthalmos, or nystagmus. The skin of the 
eyelids was loose, redundant, and liad a puffy' appearance. The conjunctivae were injected. 

The mouth was edentulous. The tongue was slightly coated. The tonsils were small 
and cryptic, and the pharjmx w’as congested. 

The lungs were resonant throughout with normal breath sounds. No rales were 
audible. 

The point of maximal impulse of the apex was in the fourth interspace in the mid* 
clavicular line. The border could not be accurately elicited because of obesity. The 
second aatUc seund was accentuated and somewhat harsh. A systolic murmur was heard 
over the aortic area and a soft, low-pitched systolic murmur at the apex. The pulses wore 
6<loal, regular, and the rate urns 88. The blood pressure was 170 systolic and 00 diastolic. 

No organs or masses were palpable in the abdomen. There was slight ankle and 
pretibial edema. The dor.salis pedis arterial pulsations were normal bilaterally*. The rc* 
o*ea were equal and active. There were no pathologic reflexes. 


i the 


COURSE 

The fasting blood sugar was 210 mg. per cent, and the urine revealed 1.-4 per cent 
and a trace of acetone. On April 5, 1939, the patient ivas given 20 units of Iletm 
the morning after breakfast. Forty-five minutes after the injection the patient sud- 
Went into collapse. She complained of dizziness, vomited her breakfast, and was 
Th^ if ^0 precordial pain. The skin was pale, cold, and clammy, 
« heart sounds were feeble and tie-tac in quality. The pulse was imperceptible at 
blood pressure could not be obtained. Her venous pressure was 124 
^ 1 ^.’ white blood count was 16,000; polymorphonuclear cells 81 per cent, twelve of 
^ ^ere immature; lymphocytes 18 per cent; monocytes 1 per cent, 
onh' _®^^‘^trocardiogram taken fifteen minutes after the onset of the attack .showed 
changes. These consisted principally of a depression of the S-T interval in 
flaU ® inversion of the T-wave in Lead III, and a small E-wavo and 

ene T-irave in several of the precordial leads, 

P^itient was given 200 c.c. of orange juice and one-sixth grain of morphine, and 
oxygen tent. She recovered rapidly and progressively from her shock; 
Kete r blood pressure was 150 systolic and 100 diastolic; her heart sounds 

good quality' and her pulse rate was 84. 

cianv o£ cardiologist considered various other possibilities, because of the white 

tbe electrocardiographic changes, the fall in the blood pressure, and the 
le favored the diagnosis of coronary' occlusion and advised treating 

The features which militated against that diagnosis were the rapid 


fVi.. f'uunus, j 

.< ® baWent for such. 


f ’> IllliU ....... ..~.w A..,,... 

'Jle sed* profound shock, the absence of temperature, and the normal erythro- 

rate. In addition, a history was subsequently* obtained of a similar 
years previously following the injection of insulin. 
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During tlic next few (liiys lier blood pressure fluctuated between 90 systolic and 60 
diastolic to 150 systolic and 90 diastolic. On April C, llie fasting blood sugar was 192 mg. 
per cent. The urine remained sugar free on diet alone, with only occasional slight spilling. 
The temperature remained normal throughout her stay. There was no increase in the 
erythrocyte sedimentation rate. Electrocardiograms taken at frequent intervals showed 
slight and inconclusive changes. These were practically confined to the T-wave in Lead 
III. Tlic iS-T interval returned to the base line the d.ay after the attack. 

On jMay 17, 1959, six weeks after her attack, slie was given three units of Iletin 
after breakfast. Her fasting blood sugar was 132 mg. per cent. Twenty-five minutes 
later sivc went into a profound shock. Fifteen minutes after tlio beginning of this attack 
tlie blood sugar was l-l.'i mg. per cent. 

Twenty minutes after tbo beginning of tbc attack the pulse was harely perceptible 
and very rajiid. Tlic Idood pressure was (>5 systolic and 0 diastolic. The patient was 
cyanotic, dyspneic, and exhibited irregular sighing respirations. Her skin was cold, 
moist, and clammy. She .showed tremors and convulsive movements. Adrenalin injected 
subcutaneously gave her slight relief; she was drowsy for several hours. The Woo 
pressure si.v liours later was S5 systolic and (15 diastolic. The white blood cell coua 
eight hours later was 9,200. The electrocardiogram shortly after the onset of the aftac 
showed minimal changes. An allergic work-up was done one week later. Table con 
tains the skin te.sts. , - i j- m- 

The patient gave positive reactions to all tested brands 
tnlline insulin. f3he did not react to pork, beef, and Jamb extracts. These ® ' 
clearly that she was allergic to pure crystalline insulin. Pa.ssive transfer 'vns a 
Tlie result was inoonclusivc as tbc normal test person gave positive intraterma 
also in untreated skin areas. 

TAm.K I 


TEST srnsTAXor, 


Lilly ks Iletin 40 U. 

Lilly’s Iletin special (Beef) 20 U. 

Squibb ’s insulin 20 Ik 

Steam’s insulin 

Lilly’s Iletin zinc -JO Ik 

Steam ’s zinc in.sulin 

Lilly’s protamine zinc insulin -10 U. 

Pork 

Beef 

Lamb 


METIIOn OP TESTIXO 


SCUATCH 


+ + + 

+ + + 

+ -f + 

+ + + 

+ 

+ (+) 

+ 

+ 

■f + 

+ (+) 


+ + 

-f + {+) 

+ + 

0 

0 

0 

0 

0 

0 


PUN'CTDRE 




SUJtJIAKY 


The injection of 20 units, and later of 3 units, of Iletin 


old arteriosclerotic hypertensive diabolic patient gave rise to a 
simulating coronary occlusion. Reviewing the case from the t 


65-ycat- 
strongly 
the viewpoint of a 


sible allergy, it is clear that we are dealing with the symptoiHS 
shock. Skin tests corroborated this assumption. 
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THE ROLK OF METALS IN CARBOHYDRATE METABOLISM^ 


ZoLTON T. 'WiRTHCHAFTEn, B.S., M.D., Clevelaxd, Ohio 


PXTENSIYB experimental and clinical iiivcstisations concerninp: tlic effect 
^ of various mctals-insulin mixtures have been rceorclcd by many Avorkers. 
Thus, it is well known that the addition of 0.1 per cent of zinc to insulin delays 
and prolongs the action of the latter, while the addition of 0.9 per cent of zinc 
completely inhibits the insulin effect. This phenomenon brings up the ques- 
tion of the possible basic role of the metals in carbohydrate metabolism under 
both physiologic and pathologic conditions. To evaluate the state of our pres- 
ent ivnowledge the important contributions in this field are summarized. 

Sodhim. — ^IMagenta^ studied the effect of sodium fluoride on the glycemic 
Ictds of dogs. lie found that the intravenous injection of sodium fluoride did 
Hot provoke a glycosuria or a hyperglycemia in them. His observations supple- 
ment those previously described by Goldcnberg,- who observed a glycosuria 
'itnong both lambs and horses subjected to prolonged ingestion of sodium fluoride. 

In 1925 Abelin and Goldener^ investigated the effect of certain sodium salts 
on the hypoglycemic action of insulin in animals. The oral administration of 
“ Gm, of monosodium phosphate (NaHjPO^.H.O) or 2 Gm of a mixture of 
so mm elilovide, sodium bicarbonate, and sodium sulfate i)roduced a marked 
ongmcntatioii of the hypoglycemic effoet of 4 to 6 units of insulin given simul- 
aneoudy. The use of 2 Gm. of disodium phosphate (NaJIP0^.l2H,0) has no 
appreciable effect on imsulin action (Abelin and Goldencr^). 

^Pparently these authors did not understand nor (piestion the reason why 
did not equal or increase the hypoglycemic effect of insulin 
^on. It ig consideration the twelve times 

^vater crystallization in the disodium phosphate molecule, thus 
Phate ^ containing much less sodium per gram than monosodium phos- 
the 1’^ probable that if tliis fact were taken into account, the effect 

Phos'\ would be equal to or greater than that of the monosodium 

lhat o/d effect of the sodium salt mixture was equal to 

of (}j(; ^o^osodium phosphate appears to indicate that the active portion 


inolecule is the sodium 


nhether souuim ion. Abelin and Goldcncr^ did not determine 


*^>'Poglycemic effect of the sodium salts is a direct effect on car- 
ol' merely an indirect result of their effect on insulin. 

IS prolaoTv, 1 

•'"ilei'son,* 


Tfi * 

'■'5 problem has been further investigated by McQuarrie, Thompson, and 
ilirect demonstrated that the h 5 "poglyccmic effect of sodium salts is a 


Porsotis^^^'t?^ metabolism, since a drop in blood sugar level of 

- ^ diabetes could be produced without the simultaneous injection of 

or Medicine, Cit>' Hospitnl. Western Re'ierve XTniversitv. and the 
Mt. Sinai Hospital, Cleveland, 
or Publication, March 11. 1940 . 
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insulin. Thoj' also sUidiecl llic effect of excessive ingestion of soclinin salts on tk 
cai’bohydrate metabolism of four diabetic children, between 13 and 15 rears oi 
age. In eaeli case it was found that the ingestion of approximatelj- 60 6®. of 
sodium chloride daily produced a mai'ked decrease in the amount of glucose 
appearing in the urine. In the case of a 15-ycar-old hoy who required 32 units 
of insulin daily, the administration of 60 Gm. of salt decreased the urinary 
glucose fi’om 73 Gm. to a minimum of 13 Gm. after two days. After seven days 
the salt was discontinued and the urinary glucose returned to the original 
level within three days. Although the fasting blood sugar level was decreased 
and the respiratory quotient was increased by salt administration, the appear- 
ance of the sugar tolerance curve did not .show any change. Less insulin ms 
required during the period of salt administration, since typical insulin reac- 
tions occurred when the insulin dosage was not decreased. It was shown t^ 
the effect was due to the sodium ion, since the use of other sodium salts pro ue 
similar effects while other chlorides did not. The administration of excesswe 
amounts of sodium chloride did not produce liypo.glycemia in a norma con ro^ 
subject. The mechanism of the sodium action is not known. It does 
that the phenomenon can be satisfactorily explained solely on the ° 
and glucose retention in the tissues. hlcQuarrie and associates^ imes loO 
possible importance of cortical extract in explanation of the sodium 
after producing a marked decrease in the glycosuria of a person wi i 
diabetes, these worker’s substituted adrenal cortical extract for tie so 
vide and found that the degree of glycosuria returned toward the 

Potassium . — The action of the potassium ion on carbolp f ^ 
is, in general, directly opposed to that of the sodium ion. Potassiu 
when administered alone, tends to decrease carbohydrate tolerance a^^ 
the blood sugar level, both in man and experimental anima s. s 
of sodium, the exact mecharrism involved is not definitely 
Berloliatti," arrd other-s found that the blood potassium level o potas- 

uals is characteristically elevated. McQuarric'' noted a lop ^ 
slum of diabetic persons while on a high sodium chlori e /’ L ^ eontei'f 
vegetable diet of the average diabetic person is high m po 


50 per e®* 


.-o — - i av "■ 

McQuarrie'* and his co-workers have reported an increase . amount' 

in the excretion of glucose in persons with diabetes while hemg ec n 

of potassium chloride. While receiving 10 to 20 Gm. of po ass 
low sodium diet, and the carbohydrate intake Tjiey f®'”’'^ 




excretion increased from 60 to 70 Gm. to 70 to 100 Grn. rei 

that the oral administration of potassium chloride to a c la re i ^ e.vcre- 


liuit Lut; UJ-cii ctuiiuuiStiuuuil Ui ^ 

large amounts of sodium chloride resulted in an elevation o 


glucose 
°of on® 


milk 


tion. The results appeared to indicate that the n<lnimis ra ^ 
""’"valent of potassium neutralized the effect of three mi leT .. usnbetic 
The antagonistic effects of sodium and potassium vom 


Vi. owitii.i ...... i' - ^ tlierapv- 

persons receiving insulin and those not receiving insii m iygeniia in 
and co-workers^ report the relief of symptoms due to h 
acromegalic person by the administration of potassium c^i tlm 

Calcium-Magnesium. — Kiyoliara, Alorita, and Muta of tlie is®k|^ 

of potassium on the glycemic levels of dogs by means of pei addit'®” 

pancreas with blood to which potassium chloride had been a 
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of potassium chloride (0.1 Om. i)cr 100 c.c. of blood) modified the content of 
the blood siig.'ir. Kiyohara, Morita, and Miita” stated that the potassium 
ion did not exercise any direct influence on the insulinar tissue of the 
pancreas. Their work clearly showed that in rabbits an injection of 3 c.c. 
of potassium chloride solution (2 Gm. per 100 c.c. per kiloirram of body 
weight) established a hj'perjtlyccmia of such severity that it lasted for 
ninety minutes. This observation corresponds to the findings of Ilochfeld' 
and othm. The injection of 3 c.c. of a solution of calcium chloride 


(5 parts per 100 c.c. per kilogram of body weight) also ])rovoked a hyper- 
Klyeeinia, hut the latter was less aceentnated than that caused by potas- 
sium chloride. Barath® and Schenk® report a hypoglycemia in the same type 
of experiment. Previous injection of atropine did not modify the hyperglycemia 
provoked by the injection of either potassium or calcium. Kiyohara*'' found 
that the hypcrgh-ccmia could not he induced by either potassium or calcium 
ions after the extirpation of both adrenals as it could before the extirpation. 
Kiyohara'^ attributed the hyperglycemia brought about by these ions to the 
action on the adrenals themselves. Hazard'® studied the action of calcium and 


magnesium on potassium-provoked hypertension and hyiicrglycemia. He dem- 
onstrated that large do.ses of potassium chloride cause a discharge of adrenalin, 
^'hieh in turn produces a hypertension and a hyperglycemia. lie showed that 
tnagnesium prevent.s potassium from exercising it.s adrenalin action while cal- 
cuim allows it to provoke the adrenalin discharge but diminishe.s its hypergly- 
cenne effect. The reduction of adrenalin glycosuria by calcium has been noted 
> 'arious authors, some of whom even advocate the use of calcium salts in the 
reatmeiit of diabetes in man. Among these, Asada" ha.s shown that, in rabbits, 
repeated intravenous injections of small amounts of calcium chloride reduced 
^ c ijperglyeemia due to adrenalin by 13 per cent. He also noted a 28 per cent 
sma er increase of blood .sugar in rabbits which had been injected intravenously 
ad ■ ^ potassium chloride solution, together with 3 mg. of 

^ rena in per kilogram of body weight subcutaneously, than with the same 
mount of potassium chloride. This question merits more study because the 
blood has been found to be higher in certain forms of diabetes. 
HoiLsol'^! effect of calcium on blood sugar, Cantarow, Brundage, and 

1 j’!' that the intravenous injection of calcium gluconate and calcium 

calcium ion per kilogram of body wciglit 
*0 fifte ^ decrease of 10 to 31 mg. per 100 c.c. in blood sugar within five 

inial No inhibitor^' effect on insulin action wa.s observed in the an- 

i 10 of Fazekas and Himwicli'* when 10 mg. of calcium chloride or 

*'^3?nesium sulfate were added to insulin prior to injection. It is in- 
t-Toi although calcium, magnesium, and zinc belong in the same 

‘^fendeleeff table, only zinc possesses the inliibitory effect on insulin 


' la and Macheboeuf'^ found the pancreas rich 

^Ijlained Lahhe, Roubeaii, and Nepveux*^ confirmed the results 

‘ ■' and ]\Iachehoeuf“ in their experiments on rabbits in which 

■ iatp addition to insulin of a trace of a nickel salt or of a cobalt 
asi cs and prolongs the hypoglycemic effect. Babbe, Eouheau, and Nep- 
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veiix''® l))en mu^hi io cleJermine llie jiclion of iiiekcl and cobalt salts on ilte 
Iiypoglycemic power of ii\snlin on diabetic individuals. They eondueted ko 
•scries of OKperimeuts. In llie finsl .series i.solafed injection of nickel ciilovide 
and cobalt oliloi-ide salts in isotonic solution into diabetic individuals with mat 
mitrition and acidosis .showed tliat the blood sugar level is not modified by co- 
balt and nickel .salts. Identical injections made in normal subjects sliowed no 
modification in llieir glyeemic levels. 


In the second .series of expej'iments they songht to find whether the injec- 
tion of metallic .solut ions would inthicncc the hypoglycemic power of insulin on 
diabetic individuals in the same manner as on animals. They administered halt' 
units of insvrlin per kilogram of body weight to eight dial)etic iiulividmife with 
acidosis and malnutrition, and to one diabetic jjatieiil without maliuhrition. 
They varied llie do.ses of nickel and cobalt chloride injected per kilogram of 
body weight, the first series of j)aticnfs receiving 0.1 mg. of nickel ebioridc, 
the second series, 1 mg. of nickel chloride; the third scrie.s, 1 mg. of wbdt 
chloride. For each ])aticnt, it. Avas ])ossib]c to make two series of obsenations, 
the first with insulin alone, the second with the same (juantity of imsulin adde 
to the motallie .solution. For each, the two curves of glycemia with ami wit o" 
nickel or eol)alt salts were such tiiat no reinforcement of tlie action of insuiii, 
eillier in intensity or diiration, could be noted. They found that the iwjectiffli 
of cobalt or nickel salts without insulin, wliethcr in healthy or in dia ™ 
clividuals, was without hypoglycemic effect as Bertrand and Wachchocu a 
shown to bo the case witli animals. They rcpoi’ted tliat. action of 
a.ssociation with nickel or cobalt salts on diabetic ])erson.s varied from 
.served in licalthy rabirits and dogs, a difference perhaps (hie to a 
metabolism of the glncides in healthy animals and diabetic 
klagentn^ in 1926 obtained in dogs rc.snli.s .similar to those ohtaiue 
wick and Bahynid" in rabbits (lb27). The latter reported a sligit 
glycemia when metallic salts alone were used. Metallic snlt.s imed of 

with insulin exorcised little if any preventive action on the hyPOp- 
dogs, and never increased the hypoglycemic effect of insulin. 

Zvic. — Hove, Elvchjem, and HarF* inA'e,stigalod tolee 

certain aspects of carholiydratc and protein metabolism in glucose 

anee tests -were conducted by means of pipette-feeding of O.- ^1’- 
per 100 Gm. of body weight after a five-hour starvation pmio did- 

curves obtained from zinc-deficient rats differed from rats on < 

Liver glycogen determinations on both zinc-deficient rats an j,j|,(;.(Jefek‘nt 
vealed no difference in respect to liver glycogen. In the case o .(.(.ssary f® 


rats, these investigators found a distinct delay in 


the time intern 


the Idood nitrogen to reach its maximum value. The distinct yng 


ijjjned 

glucose tolerance curves obtained from zinc-deficient rats from 

due to a delay in the absorption rate of carbohydrate an P'. 
gastrointestinal tract. observed ocevr- 

In dogs fed zinc oxide, D 'Amore, Falcone, and Maranm osuria 
fences of severe glycosuria. Salant and Wise’® also ^ lotvavef®"®^'' 

tlie administration of zinc acetate and zine malate, both ota ) 
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These ohsen-ers explain tliis phenomenon on the basis of an increased per- 
Dicahility of tlie kidneys to sugar (renal diabetes). 

Drinker, Thompson, and JIarsh'” state that glycosuria was not present in 
cats which had received zinc oxide in the form of a dry powder mixed with 
food. However, they did encounter glycosuria in two of three dogs subjected 
to the same method of zinc oxide administration. Curiously, gross and micro- 
scopic e.xamination following autopsy revealed fibrous change in the pancreas 
of the zinc-treated cats and none in the pancreases of the zinc-treated dogs. No 
other organs of these animals showed pathologic change. The authors state 
that the amount of zinc oxide administered is greatly in excess of that usually 


encountered by man. Impressed by the fibrous changes in the pancreas of zinced 
cats, and knowing through their own researches the close chemical relationship 
between insulin and zinc, Scott and Fisher-' estimated the insulin content and 
the zinc content of the pancreases of cats maintained on a basal diet, and also 
a basal diet to which zinc oxide had been added. They, too, found that the 
pancreas was greatly involved in the zinced cats through degenerative changes 
in the acinar tissues. Nodular pancreatic glands with bands of fibrous tissue 
replacing areas of acinar tissue were observed. The islet tissue of the pancreas 
m both the zinc and the control groups showed no change. Amyloid deposits in 
the spleen and calcification in tlie cortex of the adrenals were noted in many 
ft the zinced cats. The liver and kidneys in both groni)s showed that a large 
mount of fat was present. 

Since these changes occurred in both groups, it is not certain that zinc 
ieeding was their specific cause. No changes were found in other tissues ex- 
animed. They assert, that heavy zinc feeding did not alter the total insulin 
tonfent of the pancreas. Their results appear to indicate an increase in 
e amount of insulin per gram of pancreas, while the total insulin content 
wmained unchanged. It was observed that on a basal diet the cat pancreas 
contains more zinc per gram of tissue tlian the liver. 


he livers of zine-fed cats contained nearly twice as much zinc per gram of 
as the pancreases, although the cats on a basal diet contained a higher 
per gram of tissue in the panei'cas than in the liver. On the 
' let insulin assays showed that 2.56 units of insulin wore present per gram 
pancreas, while on the basal diet only 1.68 units of insulin per gram of 
Present. The total insulin content of both groups was nearly the 
e 1 .40 units on the zinc diet and 11.52 units on the basal diet), 
viho Fisher" assayed the pancreases of nondiabctic human individuals 

autopsy and found that 1.7 units of insulin per gram of pancreas 
'diabetic individuals who came to autopsy, they noted that the 
It "as ^ less than 0.4 unit of insulin per gram of pancreatic tissue. 

**'''*^ average zinc content of the diabetic pancreas is one-half 
Person ’'“rmal pancreas. The zinc per gram of pancreas in the diabetic 
ilfere ! ill the nondiabetic person, the value is 0.14. No marked 

’ 'liridual concentration in the livers of diabetic and nondiabetic in- 
‘ observed. It is of interest to note the marked reduction of both 

; ^'”0 in the panercas of the diabetic individual. Scott and Fisher"- 
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suggest from this observation the possibility tliat a part of the zinc in tlie 
pancreas miglil be concerned with the storage and utilization of insulin. 

Zinc Inmlin Mnxinres . — Zinc ha.s been found to be present in the pancreas; 
it has also been found in all commercial preparations of insulin examined by 
Scott and Fisher.*^ Insulin solutions to which 0.02 per cent of zinc chloride 
aie added, or eriuivalent amounts of zinc in the form of zinc acetate or zinc 
sidfatc, demonstrated only 40 per cent of llie original hypoglycemic activity 
when injected into mice. It was noted that convulsions occurred later in tbe 
group of mice that were given zinc insulin solutions than in the control group 
given insulin alone. This obseiwation suggested that the action of insulin was 
delayed bj' the presence of tlie zinc salt. In I’abbits, when the zinc insulin mh- 
ture was so adjusted that 0.24 per cent of zinc chloride was present, the action 
of insulin was also greatly* delayed. Those authors suggested that the zinc added 
to insulin altered the solution, so that a greatly delayed hypoglycemic action 
was produced. Rabbits receiving insulin alone yielded the lowest blood sugars 
two liours after the injection of insulin, and blood sugars reached the norma! 
level in ten hours. Rabbits given zinc insulin showed a gi'adual fall in the blood 
sugar values during tlie first five hours, and blood sugar values were still helm' 
the normal level at the end of a ten-hour period. Injections of zinc sulfate solu- 
tions alone did not alter blood sugar response during an observation period of 
seven hours. It apiiears tliat the delayed hypoglycemic action of zinc-insiilin 
mixtures is dependent upon some process which takes place in the solution before 
it is injected. 

Pazekas and Himwicld^ observed no alteration of the typical action in 
dogs or cats when insulin and zinc sulfate are injected independently into 
rale subentaneous areas. Injections of zinc sulfate, the same concentrati^ as 
above but without insulin, had no effect wliat soever on blood sugar levels. a 
0.9 per cent zinc was used in a zinc-insulin mi.xture, complete inhibition o m 
siilin action resulted. 

Copper. — ^Ussolzew-'* found that intravenous injections of 0.5 mg. ^ 
of copper nitrate caused a lowering of blood sugar in rabbits starved foi 
four hours previous to injection. Tkachen]v'o== found in rabbits that the ■ 
ministration of 0.1 mg. of eoppier per kilogram of body weight cause a 
glyeemia in rabbits. 

Sehnetz-” observed the effect of copper on carbohj'drate metabolism 
through studies of the isolated liver and on the intact animal. His lesn 
that copper causes a definite lowering of the ability* of adrenalin to 
zation of glycogen from the liver, but does not disturb the norma ’ j 
mechanism. He also found that the oral administration of 20 ° 

sulfate per day* for a period of days in normal individuals ^ jj^.per- 

hyperglyeemia caused by the injection of 0.5 mg. of adrenalin and t 
gly*eemia produced by* the administration of 30 Gm. of dextrose oia •' 
experiments, equivalent amount of ix’on salts did not influence a JP® 
identically induced. 

Copper salts were given over a period of weeks to four persons^^ jnsiih® 
from severe diabetes mellitus. A noticeable reduction in tlie amoun ^ 
necessary to control their diabetes xvas observed, as was also a lowering 
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sugar and urinary sugar and a disappearance of acetone bodies. This action of 
copper in reducing blood-sugar is marked in eases of high blood sugar values. 
"When blood sugar values are within normal limits, little effect is observed. These 
experiments (copper-adrcnalin-dextrosc) on normal individuals, and those made 
in the course of diabetes mcllitus, appear to indicate that it is to hepatic action 
that copper-reduction of blood sugar values is due. This hypothesis is made 
on the basis of the following thcorj’: copper administered by mouth is thought 
to be transported by the retieulo-cndothclial sj'stcm to the liver. IMuller-^ be- 
lieves that copper so alters the glycogenolytic mechanism of the liver that it 
does not respond in its usual way to adrenalin mobilization of glycogen action, 
with the resulting rise in blood sugar levels. Mullcr^^ believes that copper makes 
for stabilization of hepatic glycogen function. Schnetz-® states as a liypothesis 
that copper is a catalyst which helps the oxidation of carbohydrates through 
hepatic or extraliepatic action. 

Since at present we do not know where copper is distributed in the liver 
nor how long it remains in it, nor what chemical unions and reactions it engages 
in, we can only say that it appears that llic real mechanism is not yet explained. 
The foregoing interesting theories must remain unproved hypotheses until more 
data have been made available. 


Aluminum Insulin Mixtures. — When 11.2 mg. of aluminum chloride wore 
nuxed with ten units of insulin before injection, Fazekas and Himwich^ ob- 
served no decrease in blood sugar values in the animals. When 5.6 mg. of 
3 uminum chloride were mixed with ten units of insulin, a decrease in blood 
s^gar values occurred, showing that the aluminum chloride at this concentra- 
■OR does not abolish insulin activity. Since Scott and Fisher““ showed that 
potassium alum had no inhibitory effect on insulin, aluminxim chloride appar- 
ent y differs from potassium alum in its inhibitory effect on insulin. 

Perric, Chloride Insulin Mixtures. — Slaxwcll and Bisclioff^® investigated the 
e ion of basic ferric salts in prolonging insulin Iiypoglycemia. Insulin W'as 
L fl ^ aqueous solution of ferric chloride which had been nexitralized 
0 le point of precipitation. In both rabbits and rats the addition of basic 
^erric chloride to insulin augmented the insulin action. The blood sugar of the 
^on ro animals receiving insulin alone approached the normal at tlie fifth hour, 
nr* ^i!^i sugar of the group that received insulin plus ferric chloride ap- 
cd the normal value at the eighth hour. 

' — Pignatari^® noted the effect of manganese sulfate on the carho- 

' rabbits. When 0.50 Gm. of manganese sulfate in physio- 

' of body weight was injected daily, the animals died 

{ tbe^ or fifth injection. With dosc.s of 0.10 Gm. of manganese sulfate, 

j remained alive for approximately one and one-half months. The 

i mangane.se intoxication appeared after 0.80 Gm. of man- 

i administered. PignatavP® determined the fasting blood 

f lu each rabbit before the poisoning and on alternate days during the 

Ultoxication. The method used for the determination of the blood 
' was that of Bang-Condorelli. 

; sugar values during the intoxication with manganese sulfate 

R eciease in the fasting blood sugar levels. In the final period of the 
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intoxication the glycemic level was so markedly decreased that in some cases the 
fasting blood sugar level was approximately one-half of the normal. 

Pignatari-'’ carried out glucose tolerance tests on tliese animals during ik 
various stages of the intoxication with manganese sulfate. The blood sugar 
lei els were determined until the fourth hour after the administration of tk 
glucose. The principal characteristic of the glycemic reaction in rabbits in- 
toxicated with manganese was the prolongation of tlie hyperglycemia. The 
hyperglycemia was due to the diminished capacity of the liver to absorb the 
circulating glucose and to synthesize glycogen. The hypoglycemia observed in 
the course of the intoxication with manganese can best be explained by a de- 
ficient and impaii'cd glycolytic mechanism of the liver. Both the delayed hepatic 
glycogenesis and the deficient and impaired glycogenolysis can best be e.xplained 
by changes iiroduced by mangane.se sulfate on the liver. 


Lead . — Von Ludwig Schmidt-KehP® reports that rabbits fed a daily dose 
of 10 mg. of lead oxide per kilogi’am of body weight over a period of two or four 
months developed chronic lead poisoning. Five normal rabbits were used as 
controls. The administration of 2 per cent of the body weight of levulose in 
normal control animals, after a day of starvation, .showed a rise of 16 per cent 
in the blood sugar values. In the five animals with chronic lead poisoning, the 
increase in blood sugar values rose to 35 ])er cent. These determinations were 
made according to the method of Hagedorn and Jensen. Histologic examina- 
tions revealed no pathologic changes present in either normal or leaded anima '• 
It was concluded that in chronic lead poisoning of rabbits, even without t e 
presence of any anatomic and histologic changes in the liver, there is a rea^.^ 
present undiseernible damage, as evidenced b.v increased blood siigai va nas 
the leaded animals. 

Cavagliano^* observed the occurrence of glycosuria in 
episodes of lead colic. He reports that the administration of 1-5 Gm- o 
per kilogi’am of body weight to patients recovering from lead 
in a glycosuria that manifested itself for a period of four hours. 
sidering alimentary' glycosuria and renal glycosuria as possible 
for this mechanism, he concludes, ' ‘ The glycosuria indicates the unc i 
turbance of the liver caused by lead.” . 

It has been demonstrated that injections of lead, whether 
a colloidal state, localize chiefly in those organs that are ric i jjjjd 
endothelial elements, and hence particularly in the liver. Co oi a^ 
mineral colloids in general, wdien injected, are prevalently deposite i ^ 

The variations of the glycemic levels can be studied before and a 


jeetion of these colloids. . 

Merlini®^ injected carefully standardized colloidal lead deter- 

marginal veins of rabbits. The normal glycemic levels of rabbi s^^^ 

mined in the conti’ol group. The blood sugar values varied from tlic 

The average va‘» 


minimum of 81 mg. of glucose per 100 c.c. of blood. 
blood sugar determinations in this control group was 83.9 mg- 


glucose pe>' 
ed 0.021 Gw- 


100 c.c. of blood. Merlini noted that rabbits which had ^’®^‘^^Ysn(rar wnh’^- 
of lead per kilogram of body weight after a few’ hours had b ooc 



WIRTSCHAFTER : METALS IN CARBOHYDRATE JIET.VBOLISJI 


1101 


ranging from 54 to 58 mg. of glucose per 100 c.e. of blood. When the dose of the 
colloidal lead solution was reduced so that 0.01094 Gm. of lead per kilogram of 
body weight was injected daily for a period of five days, and then fasting blood 
sugar levels were determined, a hypoglycemia was noted. The level of this 
hypoglycemia was never found to be much below 50 mg. of glucose per 100 c.c. 
of blood, llerlini’s data show that the rabbits j'eacted to colloidal lead with 
hypoglycemic reaction according to the dose administered. 

Phospliotungstic Acid — Phoaphomolyhdic Acid. — Mukherjee^^ in 1925 noted 
the effects of the phosphotungstates and pliosphomolybdates on carbohydrate 
metabolism when taken internally. Experimentally, phospho-24-tungstic acid, 
pliospliomolybdic acid, molybdic acid, silicotungstic acid, sodium tungstate, and 
ammonium phospho-lS-tiingstate when taken by mouth lower the glycemic level 
in both rabbits and diabetic human beings. The experiment using diabetic pa- 
tients was as follows : Three hours after administration of insulin there was an 


average blood sugar drop of 125.3 mg. per 100 c.c. of blood. Three hours after 
intake of 0.9 Gm. of phospliotungstic acid, an average blood sugar drop of 
90 mg. per 100 c.c. of blood resulted. A diuretic action of these substances was 


noted while demonstrating the above hypoglycemic effects. An oxidizing action 
is observed when 0.1 Gm. of pliospliomolybdic crystals in a 5 c.e. solution of 
benzidine in acetic acid turns blue, and becomes deeper in color when hydrogen 
peroxide is added. Benzidine and phosphomolybdic acid alone give a positive 
reaction. The allied substances give a positive i-eaetion when added to alkaline 
phenolphthalein reagent. These substances, Mukherjec believes, act like oxidiz- 
ing enzjTuesj and the oxidizing action associated with the hypoglycemic reaction 
suggests that oxidation of sugar in the tissues may ]>roduce hypoglycemia. 

Mercury. — Richter^* observed the presence of glycosuria associated with 
Jperglyeemia in animals after the administration of sublimate of mercury, 
rank” found tiiat the intravenous injection of 3 mg. of bichloride of mercury 
followed by a marked glycosuria without change in the glycemic 


^^^d Roberts, on the other hand, claim that in addition to the wide- 
be T necrosis, distinct changes interpreted as evidences of injury can 

‘^fnonstrated in the glomerular basement membi*anes of kidneys damaged 
.mercuric chloride. These alterations in the basement membrane may perhaps 
*[nportant role in the renal disturbances induced by the salts of mercury. 

R’an, in the course of corrosive sublimate intoxication, Lepine^’ has observed 
Rb'cosuria. 

Boulud,^* Pleekscder,^® Poliak, Frank, and Luz- 
Ifj j a glycosuria variable in degi-ec produced by uranium salts. 

less and appeared later than in well-fed ones. In dogs, 
glycosuria prevailed from eight to eleven days after a single 
there states that in the acute nephritis produced by uranium 

There^^* tubular epithelium of the kidneys and to the capillaries. 

Walls capillary damage resulting in decreased permeability of 

ElvpATt,’ Reports as to sugar concentration in the blood varied from hvper- 
hs-poglyeemic levels. 
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Chromium. — first, and Kossa"''' later called attention to tlie pro- 
duction of glycosuria liy chromium salts. Kossa’s studies determined the amount 
of sugar in liotli llie blood and the urine of animals subjected to his e.xpcriraents. 
He found no hyperglycemia in animals ])oisoned with chromate. Other in- 
vestigators report contradictory findings, botli liigher and loiver than those of 
Kossa. Luzzatto''* administered potassium chromate to well-fed and fasting ani- 
mals and observed glycosuria and albuminuria following administration. 

In addition to widespread tubular necrosis, distinct changes, interpreted 
as evidences of injury, can be demonstrated in the glomerular basement mera- 
hranes of kidneys damaged by chromium.^' 

Tellurium. — Luzzatto'** states that tellurium salts, in particular sodium 
tellurate, may cause glycosuria and albuminuria in animals, sometimes readiiiig 
1 per cent sugar concenti'aiion. Albuminuria sets in first, followed nithm 
forty-eight hours after injection by a glycosuria wliicli may last h'e 
Observations made on both fasting and well-fed animals indicated no increase 
in glycemic levels. Kaiwa^“ demonstrated tiiat b-dimethyltelluroniuin die i on r, 
administered subeulanconsly as well as intravenously, was effectire ™ P™ 
voking hyperglycemia. The liyperglycemia first begins to appear one w 
one hour after injection, and lasts from two to four hours. Additiona ex 
ments were made on rabbits of which the splanclmic nerves had 
sectioned in order to observe wlietber the hyperglycemia due to 
telluronium dichloridc is of central origin. Results were i en 
no involvement of the central mechanism. However, experiments oa 
suprarenalectomizcd rabbits showed a lower level of hypeig .tcemia 
found in either the normal or the splanchnicotomizcd anima s. 

COJUIENTS , 

nickel, aiw 

It is apparent that with the exception of sodium, mefaho- 

cobalt, the investigations of the direct effect of metals on {joiiiinc 

lism have consisted, for the most part, of animal 

glucose tolerance tests in clinical cases of metal intoxications obtained 

interesting and significant information in this field. The ^ a of 

will aid gi’eatly in elucidating the physiologic and piatho OoW 
the metals and carbohydrate metabolism. 

SUMMARY _ 

1. The sodium ion depresses the blood sugar level in yood su"''''’ 

diabetic patients the administration of sodium salts decieases^ 

level and glycosuria. The meebauism of this action is un mow gjycosiirb 

2. Potassinm salts increased the blood sugar concentiat^ stinu''®*''’' 
of Juvenile diabetic persons. This effect appears to o 

effect on adrenalin discharge and is inhibited by magnesium.^^ gjilciiim oa 

3. There is no unanimity of opinion concerning the to 

glycemic levels of various experimental animals. ^ a c 

depress the hyperglycemic effect of epinephrine in anima s. 
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4. Nickel and cobalt salts, when added to insulin, delay the effect of the 
latter in normal rabbits and dogs, but not in diabetic human beings. Nickel 
and cobalt salts, when given alone, have no effect on blood sugar level of man 
or animals. 

5. Zinc-deficient diet delays the absorption of carbohydrate from the gastro- 
intestinal tract of rats. Zinc oxide has been found to produce glycosuria in 
dogs and pancreatic fibrosis in cats. The zinc content of the pancreases of 
diabetic persons is greatly below normal. 

6. Zinc, aluminum, ferric chloride, nickel, or cobalt, when mixed with in- 
sulin, delays the action of the latter; calcium, magnesium, and potassium alum 
do not delay the effect of insulin when mixed with it. 

7. Lead and manganese decrease the fasting blood sugar levels. 

8. Phospho-24-tungstie acid, phosphomolybdic acid, molybdic acid, silico- 
tungstie acid, sodium tungstate, and ammonium phospho-18-tungstate appear 
to cause a decrease in blood sugar of diabetic persons. 

9. Glycosuria has been observed after the administration of mercury, 
uranium, and chromuim. 

10. The administration of copper salts, both in man and animals, causes a 
decrease in the ability of adrenalin to mobilize liver glycogen. 
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ALLERGY IN RELATION TO PURPURA* 


J. ■\Varrick Thoiiias, H.D., and J. R. Forsythe, JI.D., Cleveland, Ohio 


S IR W1LLIA;M OSLER' in 1914 reported a series of purpura cases compiled 
over a period of nineteen ycai'S. lie stressed the possible relationship of 
purpura with erythema multiforme or the erythema group, and pointed out 
the association of skin lesions and visceral symptoms. Alexander and Eyer- 
mann® in 1927 reported two patients in whom purpura was definitely related 
to the eating of various foods, as these patients were free from symptoms on 
the elimination of the incriminated food. In 1921 Duke® reported a patient 
with severe abdominal pain associated with purpura and angioneurotic edema 
in whom there was a strong maternal and paternal familial history of purpura. 
Sensitization studies revealed mailced reactions to a number of foods, and the 
purpura as well as the angioneurotic edema and abdominal complaints cleared 
up following a program of dietary restrictions. Peshkin and Miller,^ in their 
review of the literature, reported that purpura has been known to follow the 
administration of such drugs as mercury, aniline, iodine, pyridine, quinine, 
helladonna, ergot, acetphenetidin, salicylic acid, and arsphenamine. 

Eyermann* observed 18 cases in which purpura followed ingestion of cer- 
tain foods. He stated that regardless whether the puiT)ura and associated 
symptoms appear to be induced by infection, by ingestion, or by inhalation, 
the common factor appears to be a disorder of the capillary mechanism which 
^ads to congestion, exudation, or hemorrhage. It may also lead to skin lesions, 
such as erythema multiforme, urticaria, angioneurotic edema, and purpura, 
u addition, he feels that exudations into the stomach or intestinal walls cause 
Uausea, vomiting, and abdominal colic. 

There are a number of other authors including Squier and Madison,®'® 
and Brown,*® who have contributed materially to the subject of pur- 
I^ura as related to allergy. 

DISCUSSION OP ALLERGIC PURPURA 

In a series of 64 patients with purpura hemorrhagica observed in the 
top! ten were thought to have a possible allergic factor related 
PaC for this reason a complete allergy survey was done. The 

tioiis ^ analyzed from the viewpoint of the various purpuric manifesta- 
' us for the correlation of the age incidence and sex. 

the females in the scries. It was observed that 

factor did not play a prominent part, as there was an equal distribu- 

I^cpartment of Allerg:}', Cleveland Clinic. 

Receive,! Mid-West Forum on Allergy at Chicago, January 14, 1940. 

° for publication, March 20, 1940. 
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tioii of patients in tlie first, second, third, fourth, and seventh decades. Seven 
of the patients liad tourniquet tests performed, and of this group five gave 
characteristic pctcchiae. 

From the point of view of the ditferent purpuric manifestations, 9 had 
peteehiae, 7 had ecchymotic spots, 4 had recurrent attacks of epistaxis, 3 had 
bleeding gums, 2 had blood 3 ’ stools, 2 had an abnormal catamenia, and one had 
had a cerebral hemorrhage. 


PURPURA AND RELATED ALLERGIC MANIFESTATIONS 

Talile I shows the distribution of the various allergic manifestations asso- 
ciated with purpura hemorrhagica as related to family histoiy, blood findings, 
and other associated clinical manifestations. There were only two patients who 
had a definite thrombopenia in addition to their allcrgj’ (see Cases 8 and 10). 
A detailed review of the ten cases follows : 


Case 1. — A boy, 2 years old, first visited the clime m 1030. His mother stated that 
three months prior to admission, some abdominal rumlding with mucus and blood in the stools 
"a? noted. This cleared up after a wcek^s duration, and was followed two days later by edema 
of the arms and legs and by purplish spots in the skin. Since that time he has had recur* 
rent attacks of purpura with associated swelling of the legs. There had been considerable 
nasal congestion in addition to frequent colds. A bilateral family history of allergy was 
elicited. Sensitization studies were made, and the child was found to be allergic to a num- 
ber of the more common foods and inhalants. Ills therapeutic program consisted of the 
avoidance of contact with inhalants and a program of dietary restriction. Three months 
ater he was reported greatly improved without liaving had subsequent purpuric lesions and 
''itH a marked improvement of his nasal sjTnptoms. 

Case 2. — A woman complained of recurrent hives for a period of five years. During the 
irteen months prior to her admission, urticarial lesions had been present almost con- 
sUntly, She had experienced recurrent exacerbations of the urticarial lesions following 
® it>gcstion of orange juice. Sensitization studies were made, and a program of avoidance 
r elimination of the reacting inhalants, foods, and molds controlled the urticarial lesions. 
"0 jears later, following a tonsillectomy, she had some bleeding from the rectum, nose, 
and an increased tendency to bleed easily. Tourniquet test was positive. Sensi- 
^'zation studies were repeated, but she did not materially improve on this program until 
er taking thyroid extract and Lugol's solution for a number of years. 

Case 3.— a woman, aged 32 years, was suffering from abdominal cramps, diarrhea, and 
in tlie stools. She stated that certain foods, such as tomatoes, peaches, and canta- 
these symptoms. Further history revealed a perennial allergic rhinitis 
era ^ of eczema. She had allergy studies at this time and was placed on a pro- 

hom” restrictions and advised to avoid inhalants. Two weeks after returning 

Cue t ^®'’®^oped purpuric sjTnptoms about the right knee; these were thought to be 
allergic factor that was not entirely controlled. The sj-mptoms later cleared up 


of woman, 05 years old, gave a history of recurrent purpuric spots for a period 

11,5 ^ examination. The lesions occurred mostly on the legs and 

She w ^ bistory of asthma which cleared up on a program of Iij-posensitization. 

berries^^ ^be opinion that nervous strain, sugars, pastries, and such foods as straw- 
^ood * t”? caused the purpuric spots to appear. She gave positive reactions to 

to and bacteria testing, and was placed on a restricted diet and instructed 

treat which she reacted. When last seen, fourteen months after the institution 

of hp, reported that she had been getting along well and had had no recurrence 

purpura. 
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Case 5.~A woman, aged 37 years, complained of a recurrent purpuric rash over her 
abdomen for tbo past several years. Eight wcohs prior to admission she had ohserved this 
rash appearing over her arms and about her ankles. No known efiologic factors irere 
elicited. She had had some stinging irritating lesions, presumaldy iiives, following contact 
■with hollyhocks, and on one occasion when changing feathers from one pillow to anote. 
She gave a historj’ of perennial rhinitis and frequent colds, especially during the winter 
months. She frequentlj' experienced heartburn after eating white bread and pancakes. 
There -was a definite family history of allergy. Pliysical examination revealed nothing of 
clinical signilieance other than the purpuric areas over her arms, thighs, and legs. Toorei- 
quet test was positive and special blood examinations were within normal limits. Ste 
was placed on a restricted diet and told to avoid inhalants to which she reacted. 


Case 6. — A IG-yeav-old boy was first seen on Match 3, 1939. He reported that io 
September, 1038, lie worked in a new store for two days, a total of twenty-eight hours, 
during which time tar was being heated in the basement to repair the roof. Thetarfsnft 
were very strong during tlio entire period he was working. IVitliin four or five da)s foHosnag 
exposure to tlic tar fumes, he develoiiod severe cramps in his legs. This was followed hr 
nausea and vomiting, and by black stools without diarrhea. Two weeks after his exposatt 
he first developed reddish-purple spots of varying size on his arms, legs, and lower .ahdoMs, 
and considerable edema of the feet. 'Within the next eight weeks (spent entiieh 
the purpura was noted in successive crops. Hematuria ■was then discovered. 
cember 12, 1938, severe edema of the face became apparent, ■with the onset o 
petechiae. On Alarch 1, 19.39, he again developed nausea and vomiting, with 1> of 1 
rhea and hematuria, and the onset of a new crop of petechiae. 

The boy Iiad been liaving a chronic catarrh for many years 
the 'Winter montlis. Ho has noted definitely that being in contact with 
tended to make his nasal condition worse, and that the catarrh improved w en 
away from them. Since September, 1938, hives have been noted at in jgjjfd 

Eating of cooked cabbage, oatmeal, and several other cooked vegetables ® paternal 

nausea and vomiting. There was conclusive family history of nllergj- ® ternal co®’' 

grandmother had chronic eczema, a paternal uncle has liar fever, pfkat hoi 

has asthma. Sy further questioning, the fact was elicit cd that as ti ca ^jte 

chetued iar in large wads vpon numerous occasions. Koutine sensitization s . .. 


formed wliicli revealed v'ery strong reactions to a number of tlie of the nort 

molds and bacteria. Very strong reactions were likewise noted to a g^ve a 

common foods and sea foods. Patch test to mild tar ointment in a t.H 

slight erythema (patcli test to lanolin alone was negative), while a pa allergy 

ointment gave a very strongly positive reaction. The patient ^ f ® ^ the 

program consisting of dietary restriction, avoidance and hyposensitiza to keep 

inhalants to which he reacted. Ho was further advised to stop smoking 

a food diary. tinued his 

He was seen at weekly intervals for a period of six months and c 

gram of hyposensitization during that period. showing 

The urine examination of tlie patient revealed repeated specimens atiJ rrf 

varying from one to four plus, both granular and hyalin casts in and d'® 

and white blood cells. The entire picture showed a definite xriiUe 

several specimens showed only a trace of albumin, tliree to five re 

and rare granular cast on microscopic examination. ^elbhf'°?' 

A definite improvement in symptoms characterized by a feeling ° ohscr*'^^ 

increased appetite, and a weight increase of 15 pounds after the rs 

He continued for several weeks to have scattered purpuric lesions ov treat®c“i wa- 

after tm- _ ^ jjcw 


ties, which gradually disappeared. He was last seen nine mon is -gg paa ' ng 

instituted, and at that time his allergy was very well centre ® ' yood ^ 

rence of his purpuric lesions. 'Urine examination, however, revca e he hs- 

has gained SO pounds in weight since treatment was first starte 
chronic nephritis. 
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C^VSE 7. — A man in his CO 's gave a liistory of having had recurrent episodes of epistaxis, 
mainly during the ^Yinte^ months. Purpuric or ccchymotic spots were noted over the legs for 
a month prior to his visit to the clinic. lie gave a history of recurring attacks of nasal 
obstruction, postnasal drip, and rhinorrhea for thirty years. The purpuric lesions were 
noted over the lower extremities and abdomen. He gave minimal reactions to the various 
allergens with the exception of bacteria, to ■which he gave very marked delayed reactions — 
more so than is usually encountered. 

The patient’s urine was examined at daily intervals during his period of hospitali- 
zation, which was of ten daj's* duration. Significant findings were albumin, varying from 
1 to 3 plus. Both hyalin and granular casts ■were seen on microscopic examination with 
both red and nhite blood cells from zero to eight in number. Tliere is no question of an 
acute nephritis in this case. 

He was placed on a program of dietary restrictions and hyposensitization. He did 
not follow his program and we did not hear from him since outlining his treatment until 
recently, when his doctor reported his death due to chronic nephritis. 

Case 8. — A little girl, 2*^ years old, had an atopic dermatitis showing the characteristic 
distribution. Dietary restriction cleared up the eczema satisfactorily without recurrence, but 
not the purpura. Since there had been a definite persistence of the purpuric lesions along 
With a thrombopenia, a splenectomy was performed. The patient is doing well with no 
recurrence of purpura over a three-month period, her platelet count being 90,000. Her 
purpura in retrospect was not related to allergy. The atopic dermatitis responded satis- 
factorily to treatment. 


Case 9.— a man, 30 years old, gave a history of recurrent crops of ccchymotic ureas 
over his lower extremities for a period of five months. In addition, he stated that he had 
had asthma practically all his life. His only suggestion relative to the purpura was that 
he had been taking some white homeopathic pills which ho had started about the time of 
the onset of symptoms. He further stated that he had had periods in which he was symiptom- 
ree, during the time that he was receiving the medicine. TJicre was a very definite familial 
“tory of allergy. Physical examination revealed purpuric lesions over both lower ex- 
tremities, with an associated scabies infection involving the trunk and groin. 

There was some frank edema of the arms and legs, and his blood pressure was 
systolic 164 and diastolic IIG and later dropped to systolic 160 and diastolic 104. His 
'itioe showed a faint trace of albumin only on two occasions. Roentgenograms showed 
sin^Iar dense nodular areas in both lower lungs, and no definite etiology of this process 
be determined. His eleventh and twelfth ribs revealed numerous tumor areas, and 
^ w he had pathologic fractures of these ribs. This was felt to be a possible multiple 
were made, and the right kidney was found ptosed just below the rim 
6 pelvis. He received x-ray treatment over the ribs, and following this he showed 
_ general improvement. Continued treatment over a period of months showed a definite 
mproiement with a subsidence of the edema. It ■was very questionable as to whether his 
rpura was related to his allergy; however, the purpura cleared after several months, 
^^sitization studies were done, and he was found allergic to a number of the com- 
elimi ’^halants, and molds. He was placed in a strict dietary regime, including the 
and instructed regarding the avoidance of inhalants. He was seen 
had° after the original program of treatment was outlined and reported that 

„ ^ of purpuric symptoms, and that he had observed a recurrence of his 

nia only following the ingestion of milk. 

other patient ivith a thrombopenia was a woman in her 20 ’s who had 
ibinitis (ragweed) hay fever and asthma, as well as urticaria and perennial 

fevealo'd placed on a program of pollen and inlialant hyposensitization. Her history 

tons / lesions for twelve years. She had an exacerbation of her purpuric symp- 

''^reral strenuous exercise, and on one occasion had a transient hemiplegia for 

’’Dnptoms^h^' follow recommendations regarding therapy, and her allergy 

*pleiiee^ ^ continued. Purpuric symptoms persisted with a low platelet count, and a 
to ma ^ advised. The splenectomy was performed and sinpe then there has been 
of purpura. 
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COMMENTS 

Tlie question of allergy has to be ruled out as an etiologic factor in purpura 
hemorrhagica. 'When a patient presents a frank allergy at the time of the par- 
puric lesions, such an allergj’’ should be investigated and controlled if possible. 
Wlien patients fail to respond to general therapeutic measures, even ihoiigh 
there is no history of allergy, an allergy investigation is warranted, as well as in 
the case presenting only a family liistory of allergjL 

Our study brings out very conclusively that an inhalant factor should be 
considered as a possible cause in some cases, and that when such a factor has 
been controlled the patient may respond to treatment as shown in Case 6. 

It has been definitel 3 ' proved that a program of dietary restrictions alone 
will control certain eases (Case 4). 


SUMMARY AND CONCLUSIONS 

1. Allergic manifestations, a personal history of allergj", or a family histop 

of allergy warrants an allergy- investigation as a possible etiologic factor in 
purpura hemorrhagica. . 

2. When all other methods of treatment have proved unsuccessful, an al- 
lergy investigation is warranted as a possible etiologic factor. 

3. Of 64 patients with pui'pura hemorrhagica ten had complete “ 

vej\s as a possible allergic etiologic factor. Of these ten a positive fanu } ® . 

of allergy was elicited from eight. , . jj. 

4. Thrombopenia w’as obsei'ved in Iavo of the ten patients presen lUc a 

nite allergic problem. . 

5. One or more allergic manifestations rverc found to be presen m 

the ten patients studied. . ^ olj, 

6. Petechiae were observed in nine patients and 
served in seven. These were the most frequent purpuric lesions 

7. Two patients presented frank and common allergic jpjjnec- 

failed to show any improvement in their purpuric symptoms unti a 

tomjL In both of these cases the platelet count was definitely re uce , 

8. Chronic nephritis was present in two patients studied. 


REFERENCES 


1. O-sler, Sir Williatn: The Visceral Lesions of Purpura and Allied 


Conditions, Bnt. 


M.J- 

Atcb. 


l: 517, 1014. . -rronnfh’s Purport': 

2. Alexander, H. L., and Eyerinann, C. H.: Pood Allergy m nenou. 

Dermat. & Syph. 16; 322, 1927. . , _ . int. Med- 28: m 

3. Duke, W. W.: Food Allergy as a Cause of Ahdoramal Pam, Arci . 

nnd TliroffltoeytopwK 

4. Peshkin, M. M., and Miller, J. A.; Quinine and Ergot Allergy 

Purpura, J. A. M. A. 102; 1737, 1934. _ 

5. Eyermann, C. H.r Allergic Purpura, South. M. J- 28: 341, 1935- _ jp pood Aik?-' 

e. Squier, T. L., and Madison, E. W.: Thromhocytopeme Purpura v 

J. Allergy 8: 143, 1937. . - „,,.l„aic States, 

7. Madison, P. W., and Squier, T. L.: Etiologic Factors m Hemorrnng 

M. J. 37: 636, 1938. ^ increased • 

8. Aladison, F. ML, and Squier, T. L..- Leukothromhopema uun 

Permeability, J. A. M. A. 112: 879, 1939. • io3T, 

9. BoTve, A. H.: -Clinical Allergy Due to Poods, Piiiladelpl"?' 

, and Other Causes; Manifestations, Diagnosis and Irea > -tmcnt 

Lea & Febiger, pp. 469-473. • „ ... Successful -ifjd, 

10. Brown, 0. H. -. Purpura Hemorrhagica Prom Food Southn-ester 

by Dietary Eegulation and TTse of Digestants; Case R P > 

J. 19: 131, 1935. 



EFFECT OF SULFAPYRIDINE ON STAPHYLOCOCCUS TOXIN^ 


iVN IN Vivo Study in tiii: Rabbit 


R. H. Eigdon, jM.D,, Annk Haynes, B.S., and Alys Lipscojib, A.B. 
jMemphis, Tenn. 


CARPENTER and Barbour^ obsei’\’ed that stapliyloeoceus toxin was inac- 
tivated in vitro by snlfanilamide. They found tliat 92 per cent of 630 mice 
sun'ived when injected intra-abdominally with a sulfanilamide-staidiylocoecus 
toxin mixture. All 195 controls died when given toxin alone. These investi- 
gators also noted that the in vivo action of staphylococcus toxin was less marked 
when sulfanilamide was given cither before or subsequent to tlic toxin. Car- 
penter, Barbour, and ITawley^ likewise found that 80 per cent of 400 mice 
injected intraperitoncally witli a .sulfanilamide-staphylococcus toxin mixture sur- 
vived while all of a group of 100 controls that received only the toxin died. 

Rigdon and Freeman^ ob.scrvcd that sulfai>yi’idinc had no effect on the 
hemolytic, the skin necrotizing, and the lethal factors in staphylococcus toxin. 
They did note, however, a bacteriostatic action produced liy tliis drug on 
staphylococci in vitro and also a variation in the degree of tlie action of sul- 
fapjTidine on three different strains of staphylococci. 

The effect of sulfapyridinc on the lethal action of stapliylococcus toxin is 
studied in the present experiment. 

5I.VTERIALS AND METHODS 

Fifteen cubic centimeters of a 25 per cent solution of suJfapyridinct in a 
per cent dextrose solution were injected into the marginal ear veins of 28 
uornial adult rabbits. A similar quantity of 50 per cent dextrose was given to 18 
suimals. Five-tentlis gram of sodium sulfapyridinc in 5.0 c.c. of saline was 
'^ijocted intravenously into each of five rabbits. Thirty minutes following the 
^^Fetion of the sulfapyridine eacli rabbit xvas given cither 0.15 c.c or 0.3 c.c. 

1 toxin intravenously. For one of the control observations 34 

5 ,^ given a corresponding amount of staphylococcus toxin. For a 

control 10 rabbits were given 2,800 units of staphylococcus antitoxin 
thirty minutes later 0.3 c.c. of staphylococcus toxin. The 
i\er^ ^ ^®^lh was recorded. Animals surviving for foi'ty-eight hours or longer 
— — ^o^sidered protected against the lethal effects of this toxin. 

the I>epartment of Patholos?' and Chemistrj- Labor-itory. Division of Jlcdicine, Uni- 
'tWeil s Memphis, 

R. the Council on Pharmacy, American Medical Association ; John and 

Rtceiv«.i t'Oundation and a special grant from the University of Tennessee. 
tThesuB 22. 1940. 

dextrose and the staphylococcus toxin and antitoxin were suppliod by 
dories. Merch & Co. suppliod the sodium .sulfapyridine. 

im 
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The amount of free siilfapyridine in the blood ivas determined k tk 
method of Marshall and Litchfield/ Blood ivas removed from the heart at tk 
following intervals : thirt.y minutes, and one, two, tliree, five, and eight hours. 
Groups of four rabbits ivcre bled at alternate intervals. The average sulfapyri- 
dine determination was used to establish the points on the curve (Chart 1). 

Table I 

Effect of SVLFApyniMNE on Eetjial Action of ,STArjiyLococcus Toxix 


(All injections were made intravenously.) 

HUM BEK 

OF 

BABBITS 

solfapvbimne 

AMOUNT OF 

staphylococcus 

TOXIN (C.C.) 

AVFTIAGE IVT. 
(GM.) 

NO. AND TIME* OF 

death Fouomxc 

INJECTION or TO-XK 

24 


0..3 

2,030 

Group A M 

Group B - 

Group 0 1 

Survived ~ 

20 

io c.c. of 257o sulfa- 
pyridine in 50% 
de.vtroso 

0.3 

2,578 

Group A U 

Group B j 

Group C 0 

Survived 1_ 

13 

15 c.c. of 50% de.N- 
froso 

0,3 

2,493 

Group A i 

Group B 1 

Group C 1 

Survived 5_ 

— i ""T" 

10 


0.15 

1,334 

Group A « 

Group B " 

Group C ■ 

.ciiirvivcd 

8 

15 c.c. of 2S% sulfa- 
pyridine in 50% 
dextrose 

0.15 

1,315 

Group A “ 

Group B “ 

Group C ’ 

Riirvived 

Group A 1 

5 

15 c.c. of 50% dex- 
trose 

0.15 

i,65S 

Group B - 

Group C ^ 

Survived L- 

Group A J 

Group B g 

Group C g 

_Survived____„.^ 
Group A " 

Group B g 

Group 0 . 

ggrvivecj__^^_,-^ 

fi toxin. 

5 

6.5 Gm. of sodium 
.sulfapyridinc in 5 
c.c. of saline 

0.15 

1,390 

10 

2,800 units of staphy- 
lococcus antitoxin 

0.3 

1,870 


•Group A—KabbUs dying from 0-2 hours following injection of t 
Group B— Rabbits dying from 2-12 hours following injection or t 
Group C— Rabbits dying from 12-48 hours following injection or n e 


EXPERIMENTAL 

The number of rabbits used in each group, the amount of 
dextrose, dextrose alone, sodium siilfapyridine in saline, stap P oc ^ ^Uferent 
and staphylococcus toxin, and the number of rabbits '.^ot'a that 

intervals are shown in Table I. It is evident from th ^events 

siilfapyridine in dextrose nor sodium siilfapyridine in sa me 
produced by an intravenous injection of staphylococcus jetiial 

of 2,800 units of staphylococcus antitoxin, given thirty^ miuM^® 
dose of toxin, completely protects rabbits against the toxin. 
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Chart 1 shows the concentration ot free siilfapyridine in the blood after 
an injection of siilfapyridine in dextrose. The rate of excretion appears to be 
very rapid. The free siilfapyridine in the blood at specific intervals after an 
intravenous injection of 0.5 Gm. of sodium sulfapyridine in saline is as follows ; 
thirty minutes, 13.2 mg. per cent; one hour, 13.3 mg . ; two hours, 9.2 mg . ; three 
horn’s, 4.46 rag. ; and five liours, 2.4 mg. 
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Amount of free sulfapyrldine in the blood of rabbits following an intravenous injection 
‘-•c. 01 a 25 per cent solution of sulfapyridine m 50 per cent dextrose. 

f to observe in Tablel tliat rabbits given 15 c.c. of a 50 per 

Jater dextrose and 0.3 c.c. of staphylococcus toxin thirty minutes 

in a' ^ time than those animals given either the sulfapyridine 

to-xin^^I of dextrose and 0.3 c.c. of staphylococcus toxin or the 

'le.xtrose h'l given both the sulfapyridine in dextrose and only the 

There freely from the venous puncture following each injection. 

difference in either the bleeding or the clotting time of these 
^ I'ta compared with the controls. 

^^■’^trose^ ^^hits died while they were being injected with the sulfapyridine in 
^vhilc receiving the dextrose. The ear in which both the 
^^iters ' ^oxtrose and the dextrose were injected became edematous 

babbits f? ♦ Extensive necrosis of the ears usually occurred in those 

survived the lethal action of the toxin. 
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DISCUSSION 


The data presented liere show that sulfapyridine has no inliibitou’ eM 
on the lethal action of staphjdoeoccus toxin when given intravenously to t!ie 
rabbit. Ta.vlor and liis associates® are of the opinion that when sulfapyridine 
is given in dextrose to man the drug eireulate.s in the blood in a form different 
from other sulfapyridine preparations. If such occurs in the rahhit, one would 
then conclude from these experiments that it also has no effect on the lethal 
action of staphylococcus toxin. 

There is a significant difference in the twelve-hour survival rate of the rab- 
bits given dextrose and 0.3 c.e. of staphylococcus toxin over those injected with 
only the toxin. This difference is two and one-half times its standard error. 
A larger number of rahliits given dextrose and 0.3 c.e. of staphylocoeeiis toxin 
lived more than two liours longer than those animals injected with snlfapyridiae 
in dextrose and a similar quantity of toxin. There is no difference in the low 
hour survival rate, however, in the I'ahbits given sulfapyridine in dextrose an 
toxin over those animals given only the stapliyloeoccus toxin. 

The failure of the ralihils that received tlie sulfapyridine in ° 

suiwive for a longer time than tire rabbits given only the toxin suggests a 
the effect of the sulfapyridine, plus that of the toxin, is sufficient 
death more quickly than the toxin alone. A phenomenon similar to ® ^ 
observed by one of ns (R. H. R.) in mice given sulfapyridine ^ 

toxin. Eighteen mice in a group of 30 died when a mixture of sul apjn i 
toxin xvas given intimpeidtoneally, while only 15 died in a group o '' ® 


only the staphylococcus toxin. . 

The results of this experiment suggest that tlie hypertonic e. 
tions may inhibit the union of staphylococcus toxin xvith tissue ee s. 
us (R. H. R.) recently studied hemolysis produced by and 

rabbit red blood cells suspended in liyjiertonic solution of so (.gj,. 

found an inhibition in the rate and the degrees of lysis xvhieh 
contration of the salt.“ In another study it xvas observed that neeros ^ ^ 
eur at the site of intradermal injection of staphylococcus toxin u^icn 
solution of sodium chloride was previously injected into t le oc.^ jnjeetwn 
rabbits’ skin. Necrosis occurred in these rabbits below tie ^ 1 , [gride c” 

of the toxin. It xvas thought that “the inhibitory action o so 
the dermal necrosis produced by staphylococcus may be t of 1*'® 

of the salt on the tissue cells. The change effected maj’’ m ^ necrosis-’ ° 

toxin -with the cells. This union apparently is responsi ) e g^jj^.|gne gh'^'®^ 
Smith’’ has observed that suei’ose, glucose, glyceio , appo*'"'* 

inhibit the necrotic action of staphylococcus toxin. T ns ^ weigW- 
be related to the hydroxyl content rather than to the ® /pjie 
mechanism of the action is one of partial destruction of t le m jg (5 

coccus toxin in oiir experiment must not have been es i . j,gl,l)its 

number of deatlis within a period of forty-eight jjjJnnly 1^'® 

receiving the dextrose and the toxin and the group I’cce 
show no significant difference. . ,. [jj dextrose 

It appears that the rate of excretion of sulfapyri nia ■ 

ing an intravenous injection in the rabbit is similar to i 
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The results of this experiment suggest that sulfapyridinc would have no 
effect on the toxin liberated liy certain strains of staphylococci in vivo. The 
pathologic lesions caused by toxin-producing strains of staphylococci in vivo 
are similar to tliose lesions produced hy staphylococcus toxin which was pre- 
pared in vitro and then injected locally into experimental animal.^’ Any 
effect that sulfapyridinc might have on a staphylococcus infection apparently 
would be other than by its action on the toxin. 

CONCLUSIONS 

Sulfapyridinc docs not inhibit the lethal action of staphylococcus toxin in 
the rabbit. 

Rabbits given an intravenous injection of 50 per cent dextrose and thirty 
minutes later staphylococcus toxin survive for a longer time tlian tliose animals 
given only staphylococcus toxin. 
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ELECTROCARDIOGRAPHIC CHANGES FOLLOWING THE 
INTRAVENOUS AD]\riNISTRATION OP JIAGNBSIUM 

SULFATE* 


III. Combined Effect With Digitalk 


J. Roscoe jMielek, j\r.S., and T. R. Van Degle.v, SIS., M.D. 

Chicago, III,. 


I T HAS been previously shown liy means of tlie electrocardiogram that mag- 
nesium Avlien given intravenously lias a definite effect on the cardiac con- 
ductive system.^ This effect consists of an early acceleration followed hy slop- 
ing, with delay in the auriculoventricular and intraventricular conduction 
time and increased excursion of all comjilexes. It has been shorni that this 
action of magnesium upon the conductive system is not central but direct. 

Zwillinger^' '' showed that magnesium had a beneficial but temporary died 
on digitalis intoxication. Ho found it useful in combating ectopic 
from any source, paroxysmal tachycardia, ventricular fibrillation ^ 
block. He believed that magnesium had no untoward effect on an alrea 
aged conduction system. He was able to save ralibits who bad been 
doses of digitalis with repeated small doses of magnesium. All contro an 
died. Similar studies were done on frogs. Block and Pick® c®' 

ical studies of Zwillinger, citing a single case. Smith, Winkler, 
eluded from their studies on magnesium that Zwillinger s woi ’ ms 
logic support since such arrhythmias develop spontaneously oilcan 
in the presence of a gr 

The present problem wms 


■eatly increased concentration of magnesium m ^ 

undertaken to ascertain the effect o mg . 


sulfate, as measured by the electrocardiogram, on the conductne 


system 


digitalized dog. 


method 


of til® 


the 


As in previous experiments’’" the unanesthetized dOo 1 p(ts. thas 


o<r was placed oa 

left side and electrodes Avere attached to the right front .^Yere made 

corresponding to the conventional second lead. and digda'’’’ 

on a string galvanometer type machine. Both magnesium 
were injected into the right saphenous vein. 

experiments 

Each dog undemvent three separate experiments at (,) 

intervals. These consisted of (1) the administration o ' “^ggnesiuni- 
digitalis, and (3) digitalis followed in twenty mmu ^ cbi«e»- 

♦From the Department of Medicine, Northwestern Uni\e''-' 5 
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Experimeni 1 . — ^Jlagncsium was administered intravenously, and the results 
obtained were in agreement with those previously reported. 

Dog 1, weight 13.G kg., received 10 c.c. ot a 20 per cent magnesium sulfate 
solution given at the rate of 2 c.e. per minute (Fig. 1). The rate was at first 
accelerated following by slowing. The P-R interval increased from 0.16 to 0.18 
second, and the QRS interval from 0.04 to O.OG second. Tlie T-waves originally 
inverted became diphasic. 


A. 


i : U 

E, 




c. 


1. Dog 1 . Normal graph. B, Following the Injection of magnesium sulfate. Note in- 
crease in rate (130). C, Twenty minutes after injection. 

Dog 2, weight 20.5 kg., received the same amount of magnesium sulfate, 
j ® changes in rate were not unlike those of Dog 1. The P-R interval increased 
0.14 to 0.18 second, and the QRS interval from 0.05 to 0.07 second. 
Experiment 2._In this e.xpcriment digitalis (Digalen) was given intra- 
PerTl possible. It was found that approximately 1^4 cat units 

“’“gram of body weight were sufficient to produce definite electroeardio- 
auri T ’^hese changes consisted of bradycardia, slowing of the 

of o " '''’®"*"oular and ventricular conduction times, and increased excursion 
as The only objective evidence of toxicity was vomiting, although 

> as 28 cat units were given intravenouslj’. 

*0 CO 1°^ ^ '‘'^'^‘^''■cd 20 cat units of digitalis (Digalen). The rate fell from 80 
eats per minute (Fig. 2). The P-R and QRS intervals increased from 



Fip. 2. — ^Dog 1. A, Normal graph. B, 
tion of 20 cat units of digitalis (Digalcn). 
elevation of the T-wave. 


Twenty minutes after the “ous 
Note the bradycardia, increased P-R miena. 
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0.11 to 0.13 second and 0.04 to 0.05 second, respectively. The T-wave became 
more upright by 100 per cent. Tliesc changes were still present at the end of 
twenty-five minutes, at whicli time the experiment -was terminated. 

Dog 2 received 28 cat units of digitalis. The P-R interval increased from 
: 0.16 to 0.18 second, but the QRS complexes were unaffected. The T-wave 
became more sharply inverted. A marked sinus arrliythmia occurred. 

Experiment 3 .- — The same amount of digitalis was then given to each ani- 
, mal as in previous experiments, followed in twenty minutes by the same amount 
: of magnesium sulfate. Following the administration of digitalis, tracings 
i similar to those in Experiment 2 Avere obtained. 

After the administration of magnesium the rate in Dog 1 increased from 
’ 40 to 100 beats per minute, following wliicli it became slower, but at no time 
i did it approach the bradycardia attained Avith magnesium only (Pig. 3). The 
: P-R interval, Avhich had been 0.12 second at the beginning of tlic experiment, 
' increased to 0.14 second folloAA’ing administration of digitalis, and to 0.20 sec- 
: ond folloAving magnesium. The latter auricnlovcntricular conduction time is 
Ear in excess to that obtained in Exi)erimcnts 1 and 2. A marked sinus arrhyth- 
- miaAvhich had dcA’eloped folloAving the administration of digitalis almost disap- 
■i peared following the administration of magnesium ; lioAVCver, numerous pre- 
3 mature A'entricular contractions Averc noAV present. An electrocardiogram made 
f eighteen hours later Avas not unlike that seen at tlie beginning of the experi- 
■| ment, except for a slight prolongation of the P-R interval most likely of digi- 
} talis origin. 

^hen magnesium Avas administered to Dog 2, the P-R interval, AA’hich Avas 
originally 0,16 second and had hocn elcA’atcd to 0.18 by digitalis, Avas increased 
-.1 to 0.28 second. Instead of the sinus arrhytlimia avIucIi folloAved tlie administra- 
■I tion of digitalis, a 2 :1 heart block developed. 

' In Dog 3 magnesium not only failed to control a 2 :1 iieart block produced 
,* hj digitalis, but tnlso prolonged the anriculoA'entricular conduction time from 
to 0.22 second, and the A'entricular conduction time from 0.06 to 0.07 second. 
4 digitalis produced an occasional 2:1 heart block, l)ut foIloAving the 
; J administration of magnesium a continuou.s block dcA’cloped. The T-Avaves be- 
f sharply inverted, and the auriculoventricular conduction time increased 
rom 0.20 to 0.22 second, 

^ These results do not agree Avith the clinical reports of Zwillinger. Mag- 
^ nesmm sulfate given to the digitalized dog failed to regulate the sinus ar- 
actually provoked the occurrence of premature heats and heart 
Hagnesinm sulfate is also capable of prolonging the auricular eonduc- 
in excess of that resulting from digitalis or magnesium alone. An 
Uial increase in rate AA'as noted, folloAved by sloAving, but the rate Avas moic 
'' that produced by digitalis. This apparently demonstrates that 

3^nesiuni overcomes the vagal stimulation of digitalis. 

CONCLUSIONS 

• 

• < Ion ' '^'S'talized dog magnesram sulfate is capable of altering the con- 

an*! producing a further delay in auricnlovcntricular eon- 
j,;, in excess of that of digitalis or magnesium alone. 
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2. In the digitalized dog magnesium sulfate causes a brief increase in rate, 
followed by a slowing wiiich approaches that obtained by digitalis. It is 
thus capable of overcoming the vagal stimulation produced by digitalis but for 
short periods only. 

3. In the digitalized dog magnesium sulfate is capable of producing im- 
pulses of ectopic origin. 

4. The results indicate that magnesium sulfate does not overcome tie 
effects of digitalis intoxication but increases the degree of block and the occur- 
rence of ectopic impulses. 
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COMBINATIONS OP LEAD, ARSENIC, AND OTHER CHEMCA 
WITH EXPERBIBNTAL ASPHYXIA OP T i 


o 


Frederick jM, Allen, M.D., Nevv Iork, N. "i. 

THER papers' have descrilicd the effects of prolonged 

normal parts and also of tumors, especially the ® (a)darl' 

. 1 • mi- i- ofpp.cts on tnni 


normal pans ana aiso oi i-uiiiurs, ^ ^ 

and sarcomas of rats and mice. The most striking 

hemorrhagic congestion of the tumor in contrast to t le necrosis o 

of the normal tissues of the limb after ligation, an ( u * ^^.^gneiit dawaS' 
the tumors, sometimes to the point of complete cure, y i powerful effeds 

to the normal tissues. Subsecpient papers'" will descii e si ggjpplete 
of temporary asphyxia on spontaneous tumors, L rnetliod is 

of one patient with cancer of the skin. While the there is 

unsuited for any extensive use in practical Wmoi lea treatmaoi- ^ 
mental evidence^ of its ability to augment the effect o x^^^ negative resw 
attempted combinations have been less promising, iR fli-mation on the tu® 
appear worth recording for the sake of thcoretica m 

problem. f n substance ^ ,,5 

Chemotherapy might be advanced by the finding o acting 

show at least a partial selectivity for tumor tissue, an ggfer and ® 

adjuvant to asphyxia xvould make the destruction o 
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efficient. According to tlie theory of Neuberg and Caspari,^ the hyperemia fol- 
lowing ligation should strengthen the chemotherapeutic action by carrying 
systemically injected substances in larger proi)ortion to the tumor area and in 
smaller proportion to other parts of the body. For locally injected drugs there 
is the advantage of lying for several houre in direct contact with the tumor, 
s\ith diffusion perhaps aided bj' altered permeability and asphyxial injury of 
the tumor cells. 

ARSENIC 


Arsenic in topical applications has been used to cure some tumors since the 
time of the Egj’ptians^; it is also capable of producing tumors.®* ® Its pharma- 
cologj’ is of particular interest in the present connection. Cushny'^ states that 
“arsenic is a capillary poison, dilating capillaries and permitting edema forma- 
tion more readily than the normal. Arsenites and arsenious acid do not 
coagulate proteins or change them in any way. ... It seems to act only upon 
living cells, and unlike acids and alkalies, forms no combination with the dead 
tissues.” 


Sollmann® says, “Arsenical compounds act locally as mild and slow cor- 
rosives, and have been employed in superficial cancer. Systemically, they relax 
the capillaries and increase their pcrmeabilily, thus stimulating inflammation.” 
Arsenic is said to be to.xic to all animals with a central nervous system, and to 
some lower forms, hut it cannot he classed as a general protoplasmic poison. It 
has little effect on ferments, although “it is now' generally believed that the 
arsenicals hinder protoplasmic oxidation in an unkno^vn way.” Arsenic is de- 
scribed as causing peripheral vasodilatation and paralysis of capillaries. “This 
yiew is favored by the fact that they have become more permeable. Intravenous 
injections of large quantities of salt solution will cause edema in animals 
poisoned with arsenic, but not in the normal. Since increased permeability of 
e capillaries is one of the essential features of inflammation, the phenomena 
0 arsenic poisoning are similar to those produced by an irritating inflammation, 
ough the primal cause is different. Arsenic produces nephritis, at first 
^omly vascular, but always with more or less inflammation of the epithelium.” 

statements, are supported by references to the ■well-lal 0 ^vn works of 
' ognus, JlacNider, and others, 

SoUmann further states: “Arsenicals are not precipitant and therefore 
ate only weakly, even on ■wounds and mucous membrances, but the cells die 
J after prolonged contact. They are sometimes used for killing dental 
live salves for superficial epitheliomas. Arsenic is much more destruc- 

cells, so that the cancerous tissue may be killed -without injury 
tumo^ normal tissue. As -witlx all cancer salves, some of the deeper 

' usually escape, leading to inoperable recurrences.” 

lias effects of arsenic so closely resemble those of asphyxia, arsenic 

turn ^ series of systemic and constitutional treatments of rat 

witli the pharmacopeial Fowler’s solution, containing 1 per 
tain Irloxide, decimal dilutions were made with physiologic saline to con- 
foni 1 mg. to 0.00001 mg. per cubic centimeter, 
species^ ^'’cafaicnf. — ^WillbergV scale of arsenic tolerance of different 

• oniits the rat. Experience has indicated that the lethal dose is near 1 mg. 
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per 100 Gm. of weight, mth slight variations according to age, obesity, etc., but 
much more according to general strength. As weak animals have a decidedly 
reduced arsenic tolerance, animals with large tumors or with ligation treatment 
demand smaller doses than the normal. Those in best condition could receive 
as high as 0.9 mg. per 100 Gm., but the usual doses were smaller. Acute death 
from arsenic has nothing to do witli organic lesions in the liver, kidneys, or 
elsewhere. In harmony' with the above-mentioned pharmacologic action of 
arsenic, the picture resembles shock, and acute arsenic poisoning is perhaps 
correctly classified under shock. At least in the rat, the elimination is evidently 
rapid and the danger of cumulative effects is slight. Thus, even tumor-karing 
rats were able to receive doses of 0.6 or 0.7 mg. twice or sometimes three times m 
twenty-four hours and to continue this sometimes more than two veeks wit ion 
serious symptoms. Feeding the drug was not attempted. Subcutaneous mjec 
tions produce sloiv ulcerations. Therefore intraperitoneal injections 
usually employed. 

The tumor experiments may he summarized as follows; 
were obtainable with single arsenic injections followed by single 
much as sloughing of all visible tumor tissue followed ligations o onj^^^ 
three hours, which is never possible with ligation alone. ^ Simi ai 
obtained with various combinations of repeated arsenic injections an ^ 
ligations. A few cures were positive, in the sense of indefinite suiM'‘ 
tumor recurrence. But with all kinds of combinations as has been 

effect upon the tumors, the mortality was overwhelmingly luasroucb 

the usual rule with all chemotherapeutic attempts in the litem ^.jth 

as a lower mortality and a higher proportion of cures vem o 
ligation alone, the combination with systemic arsenic adminis la i 


pear promising. _ . per- 

Similar experiments with single and repeated arsenic injec 
formed with the chicken sarcoma. Willberg" gives the toleiance 
for chickens as 0.06 Gm. per kilogram. The single doses m^ pQ^tinued k’' 
chickens ranged only from 5 to 7 mg., but these were slougbin? 

as long as nine days. Kesults were positive only to the ex e 
of tumors after a given duration of ligation was more in rats, and 

injections than without. The general results were infenoi o 


no cures were obtained. 


remarkably 


r little y 


Local Arsenic Injections . — ^Although arsenic produces to nicer;’ 

irritation in the normal tissues, it may, as already 


irritation in the normal tissues, it may, as aiieau^ tlie neci'ou"’" 

when injected subcutaneously. As should naturally be was wotle^ 


effect is increased by asphyxia. An approximate scale of ^Yith arse"'' 

out in normal rats for combinations of one to five liouis o as ^ gxaniple, tbe ® 
dilutions from 10 mg. to 0.0001 mg. per cubic centimeter; ‘ p^gi-ation "itl' 

cubic centimeter) ^aif « ..gtion 


diluted Fowler’s solution (10 mg. per cubic centimeter; coiwenttabo'' 

one hour of ligation and fatal gangi’eiie with two liouis. pI three 

1 mg. per cubic centimeter was compatible with ligation ^ ^ p^j. cii ' 
hours, but caused gangrene with four hours. The of f®'"^ 

centimeter and weaker dilutions could be tolerated v'l ° 
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five hours. A modifying factor was later encountered, in tliat the quantity or 
location of the injection may create an increased pressure in the tissues, which, 
if contimied, increases the tendency to gangrene. 

The results with tumors may ho summarized as follows ; lYithout ligation, 
rat tumors arc not destroyed by single local arsenic injections in any of the 
concentrations mentioned, or by fractional quantities infiltrated every fifteen 
minutes as ns to keep tlio tumor thoroughly bathed in the solution for three or 
four hours, even if epinepltrine or ephedvinc is added. With any length of 
ligation, an arsenic dilution of 0.00001 mg. per euhic centimeter resembles plain 
saline solution in showing no perceptible effect, but all stronger solutions had 
an influence in destroying tumors. Cures of sarcoma 39 were obtained with liga- 
tions of two to three hours preceded by injections ranging from 0.2 c.c. of 10 mg. 
arsenic per cubic centimeter to 5 c.c. of 0.0001 mg. per cubic centimeter solution. 
In successful cases the arsenic not only shortened the time of ligation but also 
sharpened the specificity ; the turnons were killed with less damage to the normal 
(issues than from ligation alone, and the resulting nlcers healed much more 
rapid!}'. Statistics are meaningless because success appeared to be governed 
entirely by one mechanical condition. The rat tumors arc firmer in consistency 
than the surrounding normal tissues, so that a satisfactory infiltration of the 
tumor is difficult to obtain and the fluid tends to accumulate particular!}' in the 
hose subcutaneous tissue. If pressure is used to compel penetration, the normal 
tissues become subject to gangrene. If the first treatment is only partially suc- 
cessful, a repetition is practically impossible, because the injection fluid cannot 
he retained in an open ulcerating tumor, though collodion coating and other 
ucTiees were used in the attempt. For this reason, the permanent cures, though 
' '“ihridually rather spectacular, were comparatively few among the sarcomas and 
"ere absent with the Ple.Hncr-Job!iug carcinoma and the Walker tumor. 

_ ^ For the same mechanical reason, attempts to combine ligation and arsenic 
' "’lection in the treatment of spleen, kidney, and other intra-abdominal tumors 
'' j hailed, a small series of scrotal and testicular sarcomas 

.' M'Md out favorably. The testis offers a special condition because of its firm 
, ' unie^, and the strong reaction of the scrotum to irritation (as mentioned pre- 
. »us y imder ligation alone)^ perhaps conduced to the cures which were oh- 
■ ^ajned, with ligations of thirty to ninety minutes preceded by injection of 0.5 to 
, Ce, solution of 0.01 to 0.1 mg. ai'senic per cubic centimeter. In all these cases, 
wever, the testes became atrophied and the animals were sterile in breeding 
^ cs s. Therefore, a cure with selective preservation of the testis was not obtained. 

, ■ A 'Small series of mice, with sarcoma ISO of 0.8 cm. diameter in the legs, 
by injection of the tumors with 0.5 c.e. solution containing 0.001 
h””- cubic centimeter, followed by ligation for twenty, forty, sixty, 
and f' hundred minutes, respectively. The tumors ligated for twenty 

y j "hy minutes merely ulcerated; the others were permanently cured. A 
'*■' yrraV”''* minutes’ ligation ijreceded by infiltration with 0.5 c.e. of a 

• "cr arsenic solution (0.01 mg. per cubic centiraeterj resulted in a cure. 

‘'i bibrnT'"' combined with ligation of the chicken sarcoma con- 

/ c to the breakdown of the tumor tissue but in no case led to a enve. 
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The phenomena described by Bell*" and others, of swelling, hyperemia, and 
more or less necrosis in tumors under lead treatment are suggestively similar lo 
the results of ligation. Although it is the consensu.s of later work that elinica! 
cirres are not thus obtained, the use of local asphyxia to reinforce the systemic 
lead administration appeared attractive. Thanks arc duo to Dr. William H. 
Kraemer for supplying his preparations of colloidal lead phosphate on two 
occasions, the first time with a small admixture of manganese, and the second 
time plain. 

A series of 39 rats, with medium or large tumors, were not able to tolerak 
as high dosage as described by Kraemer.** The stronger animals, of 150 to - 
Gm. weight, often died from intravenous injections above 1.5 c.c. of thesas 
pension, containing 4 mg. of metallic lead per cubic centimeter. For all annnaii 
it was found safest to divide doses of 1 c.c. or more into two equal 
morning and evening. Even with these precautions, administration at t le 
of about 2 mg. of lead per 100 6m. weight daily was never toleratec or 


than two or three days, and rats commonly died within a fev 


days after tie 


last injection. The explanation may lie in the relation between 
strength and resistance to load. The tumor rats may have had some 
of vigor even when they appeared in good condition, and when ey 
ceptibly weak or anemic their tolerance of lead was much low m 

The tumors w'ere not perceptibly affected by small doses of lea 
limits of safety. With dangerously large or fatal doses the saiTO 
cinoma (but not the Walker tumor) sometimes showed so tcinne a 
less necrosis, hut there was no instance of cure with survival. 

When the tumor-hearing legs Avere ligated for periods of one to 
in connection with the lead treatment, there were indications 
of necrosis in the tumors without increase of damage to t le jp gjrc 

In eases where the rats survived, this necrosis appeared so 


In eases where the rats survived, this necrosis 


promise of cure. The purpose had been to achieve a cumu a ^ 
lead and ligation upon the tumors. The dominant result was ac 
tive effect upon the animals, the ligated ones dying from 
tolerated by nonligated controls. No cures wmre obtained. 

A few attempts ivere also made to combine the lead 
peritoneal or intravenous arsenic injections, given dm mg a^^ 
the same day, in the hope that a nontoxic dose of arsem^^ ipjie same 
adjuvant action with a nontoxic dose of lead to destroy a animai la 

of failure resulted, because one poison low'ered the toleianee 

the other. ireated *' 

Eemarks in the literature, attributing the deaths of performed, i' 
anemia, are erroneous. Numerous additional experimen s peat 

which single or repeated transfusions ivere given before blood fe 

ment, or the lead snsnension was mixed wdth fresh hepaii •„ entire ■' 


ment, or the lead suspension was — anenii» -- . 

injection. It is a simple matter by these means to oa bid ' 

even in animals Avhicb Avere Aveak or anemic before the 
no particular alteration in the lnortalitJ^ 
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It is fail’ to note that the action of a given substance is not always the same 
toward different tumors and in different species. Therefore, if tlie claims of 
partial tumor changes can bo verified with nonfatal doses of lead in clinical cases, 
there may still he a possibility of its use as an adjuvant to other methods of 
treatment. 

OTHER COLLOIDS 

On account of the statements of authors, such as Ncuberg and Caspari,^ con- 
cerning the tumor-killing action of various metals, and also the emphasis placed 
by other writers upon the special advantages of the colloid state, much time and 
many animals were devoted to an investigation of intravenously injected sub- 
stances other than lead. Particular attention was paid to colloidal arsenic, 
partly because of the reports of Hendrick and Burton.'* The other colloidal 
‘ solutions included gold,'* silver, iron,’*' ’* manganese, copper, antimony, sulfur, 
I and selenium.’® Attempts were made by combinations and alternations of these 
' to obtain a cumulative action upon the tumors, at the same time avoiding the 
toxicity of the individual elements, but failure resulted because the general 
toxic action was cumulative. In particular, it was hoped that an advantageous 
combination with ligation might be found by injecting immediately before 
ligating so that the circulating material would be hold in the tumor for several 
hours, or by injecting immediately after release of the tourniquet so that the 
. reactive hyperemia would flood the tiunor with a maximum amount of the mate- 
rial. In either instance it was hoped that the asphyxiated tumor might be 
sensitized to the poison. All results were negative, without a single cure. Such 
<Jures as might have been expected from ligation alone were prevented by the 
fact that the intoxicated animals could not survive the usual duration of ligation. 

DYES 

Dyes have been among the most favored chemotherapeutic agents in at- 
' to influence cell respiration or anchor toxic substances to the tumor.’* It 

* as been customary to search for semidiffusible substances, which would pass 

^ blood into the tumor and remain there for a sufficient period of time. 

" Jbe special conditions of ligation, already mentioned, place a premium upon the 

rcest possible diffusibilitv and provide favorable opportunities for any selective 
.•« action. ‘ 

No experiments were performed with systcmically injected dyes. A few 
' r^^^'^^^made with single or repeated local injections of dilute aqueous solu- 
: of eosin, methylene blue,”^ or gentian violet, during ligation of different 

tumors, mouse sarcoma 180, and chicken sarcoma. No cures and no improve- 

* pK ^^sults were obtained. Irregularities in distribution of the dyes were 

' ^fsible. Addition of eosin or methylene blue to the usual arsenic solu- 

gave no improvement of results as compared with arsenic alone. These 
,1 have been poorly chosen for diffusibility or other qualities, and the 

/ perhaps be improved under better technical conditions. 

' ” OTHER AGENTS AFFECTING RESPIRATION 

■j attack the tumor cell through its respiration have been too 

/ review.’^-’s The earliest stage of tliis research in the Physiatric 

' ^ included keeping the animals in glass chambers under various reduc- 
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tions or increases of oxygen pressure. Later some trials were made irith elicnii- 
cal agents, such as potassium cyanide, to depress respiration, and with dinitto- 
phenol to increase cell metabolism.’® Oxygen enrichment was also nndertato 
by subcutaneous and intraperitoneal injections of oxygen several times in each 
of the twenty -four hours, which sufficed to maintain an abnormally bright color 
of the venous blood. Chronic carbon monoxide poisoning was established by 
this same injection method, using ordinary illuminating gas. Preliminary tests 
determined the minimum lethal doses of these injections for normal animals, 
which could thus be kept saturated to such a point that the blood remained 
cherry red and death resulted from a slight increase of the injections. The 
only neiv principle involved was the systemic injection of the aboie agents in 
connection with local ligation, as well as local injections of the solutions an 
gases directly^ into the region of the ligated tumor. Although tliese expenmens 
in the aggregate represented mneh work, the results were so completely nCga ive 
as to require no detailed description. 


STREPTOCOCCUS TOXIN 

A feiv intravenous injections of Coley fluid-® Avere tried, 
larger number of local infiltrations with this fluid, or living oi 'i ^ , 
tococcus cultures. Special attention xvas given to repeated inti 
ticularly to various combinations with ligation. Tlie tissue reac wn 
is different from that in man, so that the indurated swelling pgr the 

clinically’” arc not obtainable in the rat. Neither a curatne en 
slightest indication of a selective toxicity of the streptococcus 
tumor as compared xvith normal tissues was found. _ 

Streptoeoceiis toxin can best be classified along ivith arsenic 
upon the blood vessels. The principal error in dealing in i su ^ 
consisted in the search for a specific toxic action on tumoi ^vli'ch 

approach must place emphasis upon the vascular and tissiie results 

vary with animal species, tumors, and locations of the tnmoi.^ gi'seiiic or sW‘ 
in rats, therefore, by no means exclude tlie usefulness of ei j 

tococcic toxin under properly chosen clinical conditions, as v 
subsequent publication.’” 

CONCLUSIONS , J 

, , jggg exteat • 

1. The action of certain drugs, especially arsenic, an ^^g^or- 

strikingly resembles that of local asphjxxia and the to obta'® ® 

killing effect maj’- be similar. The attempts to use loca lo 
intensified action of the drugs, or to use the drags in oca . pecaj’-® 
tion to augment the effect of asphyxia, on the wdiole gave sc«^ tumors bs’’'? 
of insufficient specificity, the distinctly increased injuiq 

offset by increased local or systemic dangers. tumor-^'^^’”-, 

2. In conformity with previous xvork indicating t la 

action of local ligation is due neither to the direct asp ^dtli raiio"^ 

oxy^genation of the ensuing hyqieremia, the combination o negathO' 

agents serving to increase or to depress cell respiration P ^ g^pliasis 

3. Notwithstanding the general^ inconclusive jn some 

be placed on the fact that cures with arsenic xvere o 
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tumors and also in favorably situated rat tumors. There are undoubtedly differ- 
ences in efficacy, depending upon the location and the specific sensitiveness of 
different tumors, and an application of this experience for an improved arsenic 
therapy of certain clinical tumors will he described elsewhere.'" 
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EXPERIMENT^VL UTEROTUBAL INSUFFLATION IN THE RABBIT^ 


A PREUMINARY RePORT 


Herbert P. NEWjrAN, jM.D., New York, N. Y. 


PALLOPIAN tube physiology b«.s been investigated since 1925 by means of 
^ transuterine insufliation of gas according to the method of Rubin.’ Essen- 
tiall)', this method consists of recording the fluctuations in pressure of gas 
insufflated through the uterus and tubes at a relatively constant rate. Feresten 
and IVimpfheimer^ have demonstrated the similarity in the response of the rab- 
bit and man to gas insufflation. In studying this field, one is immediately con- 
fronted with certain basic problems. How is the pressure curve affected by the 
t>'pe of gas employed, simple repetition of insufflation, rate of gas flow, intra- 
abdominal pressure, anesthesia, asphyxia, and number of functioning Fallopian 
tubes connected with the uterus? We liave .sought preliminary data to answer 
these questions. 

SIETHOD 

Virgin female rabbits, weighing 1 to 2 kg., were used. "When anesthetized 
^vith nembutal, one grain per I:ilogram was injected intravenously, providing 
thorough anesthesia for thirty minutes, and, when the animals awoke, they re- 
frained quiet several hours for further investigation. The body temperature 
did not fall significantly throughout the experiments and no gross changes in 
rardiac and respiratory rates were observed unless the abdomen was permitted 
distend too rapidly with gas, 

Host of tlie experiments were peiTomied by the technique of Feresten and 
■mpfheimer.'' A liypogastric incision was made and the body of one uterus 
delivered into the wound. Through a small incision into the uterine wall, 
j* out 1 cm. proximal to tlie cervix, a cannula was directed cephalad and fixed 
^ a ligature which encircled the entire circumference of the uterus to prevent 
from regurgitating through the cervix. The uterus and distal end of the 
cannula were replaced into the abdomen; the wound was temporarily closed 
clamps, and a small opening was made into the epigastrium to permit 
free escape of gas. 

ill" studies were performed on animals with uterine fistulas made accord- 
dra\-^ technique of Reynolds.^ Under sterile precautions the vagina was 
of tl'^ *^^'*ough a small suprapubic incision and divided, The distal i)ortion 
urin^^ ligated with silk to prevent peritoneal contamination with 

iiidli Pi’oximal end was drawn through a small stab wound in the 
sutured to the skin to exteriorize the two cervices, 
were insufflated without the use of anesthesia, using a clinical 

laboratorj’ of the Sydenham Hospital, New York City. 

^ for publication. April 2. 1940. 
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tj’-pe of eanmila with a rubber acorn to prevent tlie regurgitation of gas. One 
animal was insuftlatcd daily for two weeks and post-mortem examination failed 
to reveal an.y evidence of uterine or pelvic infection. 

The cannulae wore connected to the usual clinical Grafax KymograpHc 
Insufflation apparatus. This machine employs an anaeroid recording manometer 
which requires 48 c.c. of gas to record a pressure range of 200 mm. Hg. Tk 
clinically available mercurial float type of manometer was found less sensitive, 
I'cquiring 62 c.c. for a similar pressure range. The insufflating gases were carbon 
dioxide and oxygen snpjflied from tanks at 15 pounds pressure. A valve per- 
mitted controlled variation in the imte of gas flow. Of necessity, the gas rate 
cannot be maintained truly constant because the flow rate during insufflation 
varied according to the pressure differential between the tank sonree of Tb 
mm. ITg and the recording kymographic range from 0 to 200 mm. Hg- ® 
stant rates of flow, with pressure measured by an optical manomeffr, u® ot 
lained wdth fluid rather tlian witli gas by means of a motor-drhen 
Tlie pressure changes witli tliis medium did not resemble the usual gas 
tion curves and wc arc at present investigating the mechanism o 
crepancy. . , 

To study the effect of death on insufflation, 30 c.c. of 
intravenously. The animars respirations ceased immediately, an 
convulsive movements tlie animal became immobile. The mar ) 
several minutes later. 


EXPERIMENTAL FINDINGS 

In tlie anaij'sis of a typical lijunographic tracing, three fea 
studied: (1) The primary pressure, which is attained jnaxima 

abdominal cavit}’, was manifest on the tracing by a vbid 

high peak followed liy a precipitous fall until a plateau leve is j^gyiSatto 
is (2) the general level of pressure; this is maintained jyper 

and about which (3) small waves of pressure fluctuate. 


imposed upon larger waves. 

Effect of different Insufflating Gases. 


-In this investigation 


have keen : 


logically most important gases, cai’bon dioxide and j^ggn ofeN’vo 

in most of the following experiments. Frequent differences m ^ 
between these gases. The effect of such inert gases as le 
and the anesthetic gases are now under investigation. 

Effect of Variable Bates of Gas Flow. — In an amme * gniji 

with a Fallopian tube luminal diameter of approxinia e j gyn’cv. ^ 
variations in the rate of flow of gas produced changes ^ jgve!, 

increase in the rate of flow generally raised the tlm 

general level of insufflating pressure, the size and to a ess pf i , 

of the small waves of pressure. At the very slow rates gynsiti^’^b' * 
small waves of pressure may be submerged due to t le goiiducied ’ 


the low d vi* 

VO. ViOOlAi O “ . ^vAI’P • 

manometer. Unless indicated, all further experimen ® , during ^ 

T.n=QiWv be maintainea u 


as constant a rate of flow as could possibly be 
experiment. 
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Effect of Repeated Consecutive Insufflations. — These ammals iveve insufSald 
ten times consecutively with each insufflation lasting ten mimites and a rest 
period of twenty to forty-five seconds between tracings. Of twentj- animak 
oxygen was used in ten and carbon dioxide in the other ten ; slightly diffcrcfil 
results were obtained. 


1. The primary pressure at which gas enters the abdominal cavity generally 
becomes less on repeated insufflations, reaching the general level of insuialion 
pressure after about seventy minutes of insufflation. In one animal no gis 
entered the abdominal cavity on the first insufflation, although a pressure of 
200 mm. Hg was reached ; on subsequent insufflations the ga.s entered at progres- 
sively lower levels. 

2. The general level of pressure also fell on repeated insufflations and 
remained comparatively stable after seventy minutes. 

3. The frequency of the small waves usually decreased if carbon dioxide 
was used, although in a rare tracing the rate may return to that of the ret 
insufflation. When oxygen was used, the frequency tended to vemain »e 
constant (Figs. 1, 2). With both gases the amplitude of the small Maxes ten e 
to inci'ease (Fig. 2). 

4. In one animal, following insufflation of the right uterus for 

the left uterus was insufflated. The tracing of the left uterus rcsem i e 
that of the first tracing of the right nterns than its fifth (Pig- 3)- 

Effect of Anesthesia-. — ^Animals were insufflated without 
procaine infiltration of the anterior abdominal wall and then leinsu a e 
inducing anesthesia to compare the character of the tracings. 

1. Nembutal produced no discernible effects hi the dosage empa. 

2. Ether anesthesia produced diverse effects depending on the ga.s c 
With carbon dioxide there was a gradual lowering of the general hxe o 
and a diminution in the frequency and amplitude of waves ( 
under deep ether narcosis, the manometer recorded zero with no ^ 
oxygen was used, the tracing remained normal with the excep wu 

rise ill the general level of pressure, even though the anima nniy je^ jjin 
to the point of death. This suggests tliat anesthesia might p ay 


clinical diagnosis of apparent “closed tubes.” exvn 

Effect of Increased Intra-tthdominal Pressure. yenf in 

abdominal distention, if produced gradually (as by obtiiiahn,, giidoro®'’’' 
upper abdomen and permitting the insufflated gas to remain j),(3oi»in«^ 
cavity) I had no effect upon the curves. The changes produce ^ni j^aeings- 
pressiire by quiet respiration produced no observable tiie 

Howex’er, a sudden increase in intra-abdominal pressure a n ay jjjjcifing 
waves to fluctuate about a higher general level of ^ smldca 

unanesthetized animal by^ pinch stimulation of the eai j-ecoula'^ 

intra-abdominal pressure and a rise in the general leve P pic c.wii? 

the kjTnograph. When the abdomen was opened wide y no 

to free atmospheric pressure, repeated stimulation of t e e 


in the tracing (Fig. 5). 
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Effect of Asphtjxitt . — In the case o£ two animals insufflated with carbon 
dioxide, the dosage of ncmlnital was apparently excessive, and asphyxia, evi- 
denced hy cyanosis and infrequent, shallow respirations, resulted. In these 
cases very deep and slow undulating waves replaced the usual quick shallow 
waves of pressure. 

An asphyxiated animal, insufflated with oxygen, presented a similar type 
of curve, hut as soon as its heart stopped beating, the tracing returned to a 
normal variety (Fig. 6). This suggests that an excessive blood carbon dioxide 
may change the character of the waves. 

Insufflation of Dying and Dead Animals. — As soon as respirations of the 
animals ceased, even though the abdomen was kept open to obviate the effect 
of increased abdominal pressure induced by the convulsive movements, the 
general level of insufflating pressure rose to huge heights. When carbon dioxide 
was used, the curve gradually fell to low levels, with irregular small waves and, 
on cessation of the heartbeat, the pressure fell to zero and all small waves 
disappeared (Pig. 7). 

Vfhen oxygen was used, the characteristic agonal high pressure level was 
observed and then the pressure fell gradually to a normal level and a normal 
curve resulted and was maintained for more than twenty-five minutes, although 
in one animal, the heart had been removed and its lumbar spine transected 
to produce practically an in vitro preparation. 

Insufflation with either gas of animals that had been dead for a long time 
Med to elicit anj- contractions or any rise in the tracing unless the gas was 
passed at very rapid rates of flow, when the resultant tracing merely represented 
e pressure relations produced by the passage of gas through narrow, inanimate 
ehannels. 


Effect of Simultaneous Insufflation of Both Vtcri . — The insufflation of the 
Oman uterus with its single cavity and two tubes or the simultaneous insuf- 
a ion of both uteri in a rabbit suggests two theoretical dynamic possibilities : 

!• The resultant tracing is actually produced by gas passing through only 
one tube. 

2' The gas passes through both tubes. This latter possibility brings up the 
question as to whether the two tubes contract and relax synchronously. 

tnbe^r rabbits both uteri were cannulated and connected by a Y 

^ e 0 the insufflation apparatus. By appropriate clamps on the tubing each 
hil insufflated in turn and finally both simultaneously. During the 


bilateral 
whose t 


insufflation the gas was observed to bubble from onlj' one tube, the one 
^primaiy pressure level of gas entrance was the lower (Fig. 8) . 

the aid of a double stethoscope reported that in insufflation of 
buth at passed either through one or the other tube or through 

ff ‘ The pneumoperitoneum produced by insufflation in man has been 

'Mvcs*''^ ^ nnilateral. If the gas were to pass through both tubes, the resultant 
ot ™'in should exhibit greater variation in the amplitude and frequency 
tions^ai"***^ " increasing asynchrony of the tubes. Further investiga- 

nng this direction are being performed in man. 
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CONCLUSIONS 

1. The type of the curve varies slightly with the kind of insufflating gas. 

2. The flow of gas must be kept constant and adequate for the sensitivity 
of the manometer. 

3. Inasmuch as repetition of insufflation modifies the character of the curve, 
definite criteria must be established to evaluate the curves obtained under ex- 
perimental conditions as in the investigation of drug and liormonai action. 

4. Various anesthetics exert different effects upon the kjunographic curves. 

4 u ^ acknowledprc the kind advice of Dr. Max Mayer and Dr. Arthur Qinzler and the 

technical assistance of Mrs. Elizabeth Drcifus. 


REFERENCES 

1. Rutin, I. C.: Diagnostic Value and Therapeutic Application of Peruterine Insufflation of 
Fallopian Tubes in Cases of Sterility, Proc. Roy. Soc. Med. 19: 1, 1925. 

-feresten, M., and IVimpflieinior, S. : P.atency of the Uterotubal Junction of the Rabbit. 
Experimental Obscr\-ations With the Aid of CO, Insufflation (Rubin Method), Endo- 
crinology 24: 510, 1939. 

• KeynoHs, S^: Studies on the Uterus; Method of Recording Uterine Activity in Chronic 
, Experiment.s on Unanesthetized Animals, Am. J. Physiol. 92: 420, 1930. 

• G.: Double Stethoscope; Aid in Determining St4'itus of Individual Tubes During 
Performance of Rubin’s Test, Surg., Gynec. & Obst. 63: 76, 1936. 


TBEATJIENT of POLYCYTHEJIIA VERA MUTII LIl'ER AND CHOLINE 
HYDROCHLORIDE* 


Ovid 0. Meyer, M.D., akd Ethel W. Thewlis, Madison, IVis. 

j^AVIS' has Decently reported that polycythemia induced in dogs by 
exercise on a treadmill, exposure to reduced pressure in a chamber, or by 
le administration of cobalt was modified significantly with reduction in the 
lumbers of erythrocj'tes when whole raw liver or liver extract was administered, 
a the dogs made polycythemic by cobalt administration or reduced pressure 
a oral administration of choline bydrochlovidc, 8 mg. per kilogram in 1 per 
taat solution per day, also caused diminution in the erythrocyte count after 
I'vo or three doses. 

mechanism of the production of polycythemia with cobalt is not 
Witt, certainty, but it is probably a result of bone marrow stimulus 

out a physiologic need for this stimulus. The polycythemia of exercise is, 
^ course, hut relative, whereas that of reduced pressure is compensatory for 
of o^tygen tension. Therefore, it seemed singular that the same type 

I ““By could cause reduction in the number of erythrocytes in all three 
Day ^^“''“^•'oless, in view of the reported results and the suggestion of 
non'* f * choline may be of benefit in treating polycythemia vera, 5 patients, 
main- V received any previoas treatment of any kind for their pri- 

Raw "■“'■0 given either whole raw liver, choline hydrochloride, or both. 

c\er is a good source of choline, containing not less than 1 per cent.® 

?®nartment of Medicine, University of 'W'isconsin yiedical School, Madison. 

Ion. uy has been aided In part by a grant from the 'Wisconsin Alumni Research Founda- 

I^ecelved for Dublicatlon, April 17. 1940. 
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IIETPIODS 

All patients had complete blood counts done; the erythrocyte counts in 
duplicate, hemoglobin determinations rising the Haden-Hausser hemoglobinom- 
eter (15.4 Gm. per 100 e.c. equaling 100 per cent) ; reticulocyte counts on stained 
smears, the percentage being derived from examining 1,000 erythrocytes ; hemato- 
crit determinations using AVintrobe tubes, and blood volume determinations 
(in four of the five patients as further diagnostic data by the method described 
by Gibson and Evelyn^). The total and differential leucocyte counts are not 
reported since there were no significant alterations during treatment in any case. 

In patient 2, the only one followed as an outpatient, blood studies were 
done previous to therapy and again at its completion. In the other four patients 
complete blood counts, reticulocyte counts, and hematocrit determinations were 
done twice each week throughout each period of observation. For brevity’s 
sake, however, only the data acquired before therapy and at the completion of 
each period of study are given. 

Each of the four patients treated with liver received 100 Gm. of fresh 
ground raw calf’s liver with salt, pepper, and catsup added, or in fruit juice, 
three times a day. The patients who received choline hydrochloride got 8 mg. 
per kilogram body weight in 1 per cent solution. The five patients were males 
and their respective ages were 64, 51, 54, 20, and 59. They all took choline 
hydrochloride and liver with little or no difficulty. 


The results appear to be clearly negative in four patients as far as redue- 
tion of erythrocytes or hemoglobin is concerned, for there was no significant 
change in any patient while undergoing liver or choline therapy. In patient 3, 
"'ho received liver therapy, there was a decrease in hemoglobin and erythrocytes, 
and in the hematocrit reading. This diminution had its inception on the tenth 
a> of treatment and was of the same degree on the fourteenth day. During 
c period of observation, before a fall in the blood levels was demonstrable, a 
"et granular ulcerative lesion on the leg ivas present. Coincident with changes 
'h the blood, complete healing occurred. AVhether hemoconcentration may have 
P ajed a part in explanation of the previous very high hemoglobin and erythro- 
cjte levels is problematical. Attempts at determining the blood volume pre- 
*ag therapy were unsuccessful since pronounced viscosity of the blood and 
prompt coagulation interfered with collection of blood samples. 

^^jtj has reported that cobalt polycythemia in rats is modified 

I '/eduction in the erythrocyte count following liver extract or ventriculin 
" ministration but not after feeding fre.sh whole liver. Stephan” has reported 
whole fresh liver was of clinical value in treating the polycythemia sjunpto- 
1C of a variety of conditions, but Major' noted no benefit from liver extract 
"'istration in three cases of polycythemia vera. AVe have treated no case 
polycythemia with liver extract. Ogawa’ successfully treated one case of 
■ ^’'bemia vera with oral and parenteral liver substance, but the polycythemia 
Hired with the cessation of therapy'. 

cliisi with liver therapy in polycythemia vera are not absolutely con- 

bo for during therapy one patient showed a decrease in erythrocytes and 
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hemoglobin, although there was an extenuating circumstance in this case. In 
the other two patients treated with raw calf’s liver alone, in the one patient 
treated with liver and later with choline hydrochloride, and in the one pa- 
tient treated with choline alone there were no significant changes in the blood 
levels. It is our interpretation that the administration of raw calf’s liver or 
choline hydrochloride is probalily without value in the treatment of poly- 
cjdhemia vera. 

We wish to acknowledge tlie kind cooperation ot Dr. Marian S. Kimbie who liM the Wool 
voiume determinations. 
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FURTHER STUDIES ON THE EFFECT OP JIASSH^E INTRAI'ENOCS 
INFUSIONS IN NARCOTIC POISONING* 


Theodore Koppanyi, Ph.I)., and Reginald A. Cutting, Ph.D., N-D 

Washington, D. C. 


I 


infra- 


N A PREVIOUS communication* we described the effects of 
venous infusions of isotonic glucose or saline solutions, ^ituratc 

from one-fourth to three-fourths the body weight, on the the 

narcosis. It was found that infusions of such volumes of niu j.gceivin? 
time of recovery of anesthetized animals and prevented death m ^o^^^ jggfjiol 
fatal or several fatal doses of these drugs. It was suggeste ^ antidotal 
of treatment with massive intravenous infusions may similar j The 

to all slowly acting neurotoxic drugs, particularly central .|jgji 5 . 

present report deals with tlie experimental exploration of t ns i ^ gjaiinistcr- 
Dogs were used in all the experiments. For the ^],g precede? 

ing massive intravenous infusions reference should he nia e ^ in this 

paper.* A solution of 1 per cent sodium chloride was use oi 
series. It should be emphasized in this connection that care 

of the preparation of solutions to be infused in quantities sue i 

ana Phj-EioJoS’' ^ 


•From the Departments of Pharmacologj' and Materia Medica 


town Universitj' School of Medicine. 

Keceived for publication, April 10, 1940. 
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is essential. This is to avoid the possibility of contamination with pyrogenic 
agents and other harmful contaminants possibly pro.sent in water. Scrupulous 
asepsis should be observed throughout, and the rates of infusion should be care- 
fully controlled. One of the principal mechanisms likely to cause fatalities from 
massive infusions is insufficient diuresis. It is the retained fluid, rather than 
the total amount infused, which is critical. Animals withstand more rapid rates 
of infusion and larger total quantities of solution when the kidneys eliminate 
mine in considerable quantities. The effect of massive infusions was tested on 
the course of poisoning by oral, Iiypodermic, or intravenous fatal doses of the 
following substances : methyl alcohol, ethyl alcohol, chloral hydrate, sodium 
bromide, and potassium arsenite. Wlicncver oral doses were given, the animals 
also received a preliminary injection of 10 mg. per kilogram of body weight 
of morphine sulfate* iutramuscularly to abolish the vomiting reflex and thus 
insure retention of the dose. Inasmuch as morphine is a well-known synergist 
to all aliphatic narcotics, one may assume that morpliine enhanced the toxicity 
of the orally administered drugs. 

Many animals not listed in the following discussion and tabular protocols 
were used during the course of the experiments. For every dose of methanol, 
ethanol, chloral hydrate, and sodium bromide here reported, doses of similar 
magnitude were administered to two or more animals which died before infusion 
could be instituted, and others receiving such doses died during the infusions. 
All these may he regarded as constituting control experiments and as support- 
ing the observations of other investigators that all doses used wore consid- 
erably in excess of tlio ordinary fatal dose. 

Uethmiol . — ^Methanol was administered by mouth in two animals thirty 
minutes following a preliminary injection of morphine to control vomiting. 
Absolute methanol in doses of 20 c.c. diluted with water was given to each ani- 
mal. No regurgitation or vomiting occurred. The intravenous infusion was 
started as soon as the animals’ righting reflexes were lost. Subsequently the 
animals showed complete anesthesia and muscular relaxation. Following the 
infusion the animals were kept in warm metabolism cages until recovery was 
'nnipletc. Both animals recovered. The index of recovery was the ability of 
1 m animal to stand unsupported. The average oral fatal dose of methanol in 
“Ss is 10 c.c. Thus these animals sui-vivcd two fatal doses. 

. One animal received 10 c.c. of methanol dissolved in 1 per cent sodium 
1 oride solution by slow intravenous infusion over a period of forty-three min- 
"tes, becoming anesthetic after half of the dose had been injected. This dog 
Kaovered in about thirty-six hours. The urine excreted by this animal follow- 

injection of the alcohol was of a deep red color, evidently the result of 
nemolysis. 


No evidence of blindness was seen in any of tliese animals though they were 
iseried for several weelis after recovery. 

Ethanol— 'Ethanol was administered to two animals orally and to one ani- 
_^|_wtravenously, as described for methanol. One animal, receiving 15 c.c. 


Expressed in terms of mllliBram. gram, or cubic centimeter per kilogram of 
otuiUed; ^ ^ avoid repetition the phrase “per kilogram of body weight” will hereafter be 



1142 


THK JOTJKNAL OF LABORATORY AND CLINICAL MEDICINE 


of ethanol by mouth, recovered, and one, receiving 20 c.c. by mouth, died. A 
dog receiving 12 c.c. intravenously recovered. The average oral fatal dose of 
ethanol for dogs is 9.6 c.c. 

Chloral Hydrate . — Chloral liydrate was administered in aqueous solution 
to one animal subcutaneously and to two animals intravenously. The technique 
employed was the same as that described for methanol. The mean subcutaneous 
fatal dose of chloral hydrate is 600 mg., whereas 500 mg. are fatal by intra- 
venous injection. Inasmuch as considerably more than this amount was admin- 
istered, the results may be regarded as significant. 

Sodium Bromide . — >Sodium bromide in doses of 5.0 6m. and 7.5 Gm. was 
administered to each of two dogs in the following manner ; The animals were 
immobilized in plaster of Paris bandages. Under local anesthesia the external 
jugular vein was exposed and eannnlated. An intravenous infusion of 1.5 per 
cent sodium bromide solution (isotonic) was then given in predetermined dos- 
age. Bejmnd this point 1 per cent sodium chloride solution xvas substituted. 
Although both animals recovered, they showed somnolence for several days and 
shed quantities of hair ; portions of their skin became practically denuded, and 
deep ulcers developed on various parts of their bodies, particularly orer bonj 
prominences. The mean fatal dose of sodium bromide is 3 Gm. 

Potassium Arsenite . — Each of five animals was given 2 c.c. of potassium 
arsenite solution (U.S.P. XI) by mouth. Two of these animals received masn^ 
intravenous infusions, the remaining three served as controls. All fl'C 
died. All animals, including those which received massive infusions, apse 
coma, developed muscular spasms, and died within about the same time. ^ 
concluded, therefore, that massive intravenous infusions had no ® 
course of acute arsenical poisoning. Table I summarizes the results o a 
ments previously described. 


Table I 


Effect of Massive Intravenous Infusions MUtii 1 Per Cent Sodium chwsm 

ON THE Pate of Dogs* Poisoned With Fatal Doses of Methan , 

— . . _ TirN-Ti.c'CTrTxr ARRE>riTE 


WEIGHT 

(KG.) 


ROUTE OF 

DOSE 

AMOUNT OF 
fluid INJECTED 

time re- 
quired 

DGUG 

ADMINIS- 

TRATION 

PER KG. 
(C.C. OR 
GM.) 

TOTAL 

(C.C.) 

% OF 
BODY 
■\VT. 

FOR 

INFUSION 

(HR-) _ 

7.5 

MeUtanol 

Oral 

20 

3,000 

40.0 

o 

8.2 

Methanol 

Oral 

20 

4,800 

53.5 

SVj 

16.3 

Methanol 

Vein 

10 

5,375 

32.8 

12 

15.1 

Ethanol 

Oral 

15 

0,600 

43.7 

4 

2Vj 

2 

8.8 

Ethanol 

Oral 

20 

2,700 

30.7 

9.25 

Ethanol 

Vein 

12 

2,700 

29.2 

17,45 

Chloral hydrate 

Subcu- 

taneous 

1 

7,500 

43.0 


16.6 

Chloral hydrate 

Vein 

0.75 

6,025 

4,000 

36.4 


8.5 

Chloral hydrate 

Vein 

1 

47.0 

4 

5.4 

Sodium bromide 

Vein 

5 

2,600 

48.1 

4S 

5 

11.8 

Sodium bromide 

Vein 

7.5 

10,200 

92.0 

8.0 

Solution of po- 
tassium arsenite 

Oral, 

2 

5,100 

63.7 

4.55 

Solution of po- 
tassium arsenite 

Oral 

2 

2,700 

59.4 



besddts 


-preU lu 
[Recovered in 
.Recovered 

Hocovered in 


1 jioar-- 


i hovrs ^ 


I hoar-' 


Died in 


'l honrs 
jo ]iour.' 


•These animals excreted in tlie urine from 20 to yo per cc 
course of the infusion, and from 40 to 90 per cent within tuenij 
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COMMENT 

In our previous coinmunication' we discussed tiic probable mechanism of 
the antidotal action of massive intravenous infusions in acute l)arbituratc poison- 
ing. IVc expressed the opinion that this action is dependent upon tlie ability 
of the infused solution to take up a pail of the drufj, which otherwise would 
accumulate in toxic concentration in nervous tissues, and to distri])ute it among 
the tissues of the body not specifically affected by the drug. When the infused 
fluids are excreted by the kidneys, the urine contains the neurotoxic poisons in 
high concentrations, higher than exist in any of the tissues of the body. These 
considerations apply to neurotoxic poisons bccau.se the central nervous system, 
in contrast to other tissues, does not become hydrated as a result of massive 
infusions.^ The experiments liercin described show that the results obtained 
with barbiturates can be duplicated in the case of three other aliphatic narcotics 
and sodium bromide, but not in inorganic arsenical poisoning, because arsenic 
is not primarily a neurotoxic agent and behaves rather as a general proto- 
plasmic poison. 

In conclusion, we foci justified in repeating our recommendation for the 
clinical use of large intravenous infusions in the treatment of alcohol comas, 
and acute chloral hydrate and bromide poisonings, though not necessarily m the 
extremely energetic form used in these experiments. JIassivc infusions should 
prove less effective or probably not effective in poisoning with general proto- 
plasmic toxins. This treatment is not proposed as a replacement for the rap- 
idly acting analeptics in narcotic poisoning, but rather as an adjuvant. It may 
be of particular value in cases in which patients do not sliow a satisfactory 
response to the analeptic treatment. 
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CLINICAL CHEMISTRY 


PLASMA VOLUME AND PLASMA PROTEIN CONCENTRATION 
AFTER SEVERE HEMORRHAGE® 


D. Bailey Calvin, M.A., Fh.D., Galtoston, Texas 


R esearches recently reported^- == have suggested a possible increase in total 
circulating plasma protein following shortly after severe hemorrhage. From 
work previously reported from this laboratory, it is knoum^’ ^ that in ludiemic 
plethora extra protein may enter the vascular system from some source in t e 
body, possibly the liver .= * Similar changes have been observed with increased 
plasma volume, following the use of diuretics in the treatment of the e eina o 
circulatory failure and cardiac decompensation.® The present repoit 
this problem of protein mobilization in hemorrhage, employing the nenei ec 
niques for plasma volume determination. 

EXPERIMENTAL 

Large dogs were used. Three types of preparation were emplojed. ( ) 
Dogs without food or water for forty-eight hours prior to hemon tag^- 
Dogs allowed water but no food twentj^-four hours prior to ’ jor 

given 500 ml. of 0.7 per cent sodium chloride solution by mouth one 
to hemorrhage. (C) Dogs allowed -water but no food twenty-four lom 
hemorrhage, wuth injection into the jugular vein of a volume o ■ 
sodium chloride equivalent to the volume of -whole blood witi mu 
ately after withdra-wal. , , 

+ a-f tlip do^ s niow 

The hemorrhage from the carotid ai’tery w'as 25 per cen 
volume (as previously determined) within five minutes. _ techniqa®’ 

Plasma volumes were determined by the Gibson and E^ebn 
total proteins by the Kjeldahl method; hemoglobins 
Smith;® albumins by the Howe,® and later by the Campbell an a 
Mayo 6 ml. tubes at 3,000 r.p.m. for thirty minutes -\vere use oi c 


RESULTS 


C. 


A total of 11 dogs -^vas used, 4 in gi’oup A, 4 in group 2 , C. 

Typical data are presented graphically in Figs. 1 A and B, an = jg veiled 
The animals in group A were very dehydrated. This cone and 

in the posthemorrhage blood picture. There is a slo-ev fa m ^ 
per cent of plasma protein. In contrast to these changes, ^ vii-culatn'? 

in plasma volume, and a similar but slightly faster use , ,,cdicin<'' 

. . f Texas Sclio'>‘ o' 

*From the Department of Biological Chemistry. Universi > 

Galveston. 

Received for publication, July 27, 1940. 
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plasma protein (plasma vohime/100 x Gm. protein per 100 ml.). This extra 
fluid and protein must come from the tissue (or lymph), the protein entering in 
solution with the water. The changes obscrv’ed in group A were never so great 
as for the conditions to he deserihed in B and C, ranging from about 10 to 20 
per cent replacement of the total protein removed in hemorrhage. 



1 Hemorrhage after forty-eight hours food and water fast B, Hemorrhage after 
hemorrhage water fast, 500 ml. of 0.7 per cent sodium chloride per os one hour prior to 


^ n group B the dogs were soinewliat dehydrated, but in fair water balance, 
ono body fluid was added 500 inl. of saline solution, given by mouth, 

^ ^ our prior to hemorrhage. The one-hour period was selected because of a 
finding^ that injected saline reaches a point of maximum storage in the 
Vcr'i-^*™ sixty to one hundred minutes after intravenous administration, 
ih,'! diuresis occurred. Thus the body fluids available for posthemor- 

volume compensation were at a maximum. 
i'Pin availability of fluid is amply demonstrated in Fig. 1 B. The 

ptor sharply than in group A. This is also true of plasma 

' not j'f, '™“™*ralion (per cent). The plasma volume, on the other hand, does 
n off so rapidly, indicating a very rapid inflow of fluid from the inter- 
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stitial spaces. As in group A, so also here to a more marked degree, this inflow- 
iiig fluid brings inth it considerable amounts of protein, as measured in terms 
of total circulating plasma protein. 



Pig-. 2. — 0 , Hemori-hage after twenty-four hours liao the jugular 'f'" 

sodium chloride equivalent to the volume of blood removed js i 3 
immediately after hemorrliage. 

The animals in group C were in similar fluid » 

to per os saline administration. Inimediatelj’’ after hemoir ^ re- 

voliune of 0.9 per cent sodium chloride, equivalent to clian?^^ 

moved, was injected rapidly into the jugular vein. The tliose in 

lirior to injection of saline were similar to, but somew la and in 

group B. After saline injection, however, marked fal s m = 
per cent plasma protein occurred. ^jjg jqw wlnn 

The plasma volume changes were of much interest. ^ 
after hemorrhage the volume actually rose above the prcbons 

this condition held only momentarily. As was to be gysteni 

data on hemorrhage control, the injected saline left the This 

and to a considerable extent, resulting in a fall in .jjja 

dition obtained for upward of an hour, at which time t e p 

a tendency to rise. i • p e first "”""*0 

During the whole of this period, and more marked initiafiy ’ 

extra protein entered the vascular system, as evidence 3 
then gradual, rise in total circulating plasma protein. jicmorrh®’?'^' 

In all groups, the albumin : globulin ratio rose 0 ovi d 

discussion _ obtained 

The results here presented must not he confused with I" , ^jsed i’ 
hemorrhage or after plasmapheresis. The degree 0 len 
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cent of the determined blood volume) was not sufficiently severe to upset physio- 
logic equilibrium in tlie dog. An effort was made to avoid gross evidence of 
shock. No animals were lost as a result of the procedure. There was, liowever, 
some blanching of the buccal membranes, and the licait rate was increased to 
some extent. Blood pressures were not measured. 

Thus the animals were able to affect a rather satisfactoiy recovery by nor- 
mal, rapid physiologic response. It is remarkable to note the degree to which 
this can be accomplished. In one dog, group C, 14.7 CJm. of plasma protein were 
removed. \Vithin thirty minutes 6.5 Gm. of this had been replaced, and at the 
end of four hours more than 50 per cent of the plasma protein loss had been 
taken care of by tissue contribution of storage protein. Those values are in line 
^ith others obtained in dogs after injections of liypertonie solutions,^ where an 
increase as great as 20 per cent has been observed to occur along with the result- 
ant increase in plasma volume. 


The albumin iglobulin ratio is of significant interest. This ratio rose in ail 
cases following hemorrhage. Tlie extent of the rise depended upon the degree 
of total compensation affected in plasma protein, being higher when the increase 
in total circulating plasma protein was greater. This would seem to indicate, 
therefore, that the protein entering the vascular system under this condition 
of stress was composed mainly of albumin. These results are similar to those 
for hydremic plethora* and those following edema reduction l>y diuretics.® 

The exact mechanisms for the changes noted are hard to evaluate. The 
lymph certainly may serve as one soiu'ce of this protein and fluid increase. 
Indeed, evidence has been given for an increased lymphatic flow following 
similar conditions. The rate of change observed, liowever, would seem to make it 




necessary to assume some degree of backflow through the capillaries both of 
nid and protein in order to explain the experimental results. Recently, 
rinker^= gave some support to this idea. 

The matter of source of protein for the observed increases is not difficult 
® explain. The liver is known to produce at least part of the protein neces- 
ssrj for plasma protein regeneration. Considering the size of this organ, the 
^ of circulation through it, and the relatively small demand on the 

ole body made by the replacement of 15 to 20 Gm. of plasma protein, the 
experimental findings are not untenable. Furtliermore, when consideration is 
to the total mass of protein in the body, this small amount might easily be 
^counted for physiologicalh'’ without being detectable by analji;ic chemical 

methods. 


the logical to assume, therefore, on the strength of the data presented, that 
the of supplying, rapidly, considerable amounts of protein for 

not of losses due to hemorrhage, so long as actual gross shock does 

inter\-ene. Replacement of fluid depends upon available interstitial supply 
ei and salts for this purpose. 


^ent ' f subacute hemorrhage in dogs, there is a compensatory move- 

^ Th^^*^ f^om the tissues to the plasma. 

^alan ^ ^^Sree of compensation depends, in large measure, on the water 
of the body prior to hemorrhage. 


SUMMARY AND CONCLUSIONS 
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3. Proteins enter the vascular S 5 'stein along with the fluid. 

4. The protein entering the vascular aj'^stem is primarily albumin. 
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PHENOLPHTHALEIN STUDIES: THE RATIO OP FREE TO TOTAL 
PHENOLPHTHALBIN IN THE URINE* 


Its Influence Upon the “Woldman Test 


P. Steigmann, M.S., M.D., and J. M. Dyniewicz, Ph.C., Ohio 


III 


TN OUR preliminary report^ which was based on 200 cases ( '^ ^ 
* and 166 diseased patients) we found Woldman ’s test 
of the normal individuals, in 78.5 per cent of the gastiom es 


4 normal pe®"; 

cent 

cases, ani 

xesfitt fil 


uj, me liuriuai luuiviuuais, in lo.o pci ccjuu 
in 82.7 per cent of other types of disease, including somevl't'* 

positive Woldman tests in 41 per cent of the normal persons is ^l],er 

higher than the percentage in similar cases obtained by 


hand, however, we also obtained liigher positive results m 


cent. 


The liigl’ 


(78.5 per cent) as compared to results by others, e-g-> dmis im 


incidence of positive results in our series may 
terpretation of color changes. 


,r be attributed 


to meticu^o^'® 


c! 
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Our original observation tliat the urinaiy elimination of free phenol- 
plithalein is no test for gastrointestinal ulceration has been confirmed not only by 
further studies in our laboratories but also by reports from various other 
clinics. Thus Kremer and others’' in a study of 137 cases conclude that the 
IVoldman test may he valuable as an adjunct in diagnosis, but that more must 
he learned of tlie physiology involved befoi’e it can be considered reliable as a 
simple test for the determination of gastrointestinal lesions. 

Siittenfield,’' from his study of 94 cases, concludes that the proposed 
phenolphthalein test is of no value in differentiating gastrointestinal disease 
from other diseases, nor organic from functional intestinal diseases. 

In a study of 203 patients Banks’ found the test negative in one-fourth 
of his cases with proved gastrointestinal disease, and positive in one-sixth of 
the controls. He believes that tlie test has too wide a range of error to be con- 
sidered rehable in the diagnosis of gastrointestinal disease. 

In his series of 105 individuals Noticin’ obtained negative Woldman tests in 
over 30 per cent of his cases witli active gastrointestinal lesions. He also dis- 
covered variations from negative to strongly positive in the same patients when 
the test was repeated at appropriate intci'vals. He concludes, therefore, that the 
IVoldman phenolphthalein test does not constitute a test for the presence of 
gastrointestinal lesions. 


heVine,® from a study of 115 cases, concludes that the phenolphthalein 
test cannot be relied on to prove or disprove the presence of a lesion in the 
wucous membrane of the gastrointestinal tract. ' 


Shitzky and 'Wilhelmj,’ from e.xpcriments on dogs, believe that the vari- 
cbility of their results would seem definitely to exclude the phenolphthalein test 
M a test for determining the presence of ulceration of the gastrointestinal tract. 


Howland,' however, believes that not enough observations have been done 
to negate the test completely. In his defense of this test, however, appear cer- 
oin concepts of phenolphthalein absorption, conjugation, and elimination which 
ere not in accordance with our observations on these facts gained through a 
® i on hundreds of cases during a period of four years. This paper has, 
before, been written with the idea of clarifying some of the more important 
^ “^out the fate of phenolphthalein in the body : data which may indirectlj' 
better understanding of the facts underlying and influencing the 
"olaman test. 


EAPIDITY OF ABSORPTION 

or , test is based upon the thesis that, if there is an ulcer in stomach 
I sohf"*^'’ of phenolphthalein in rapidly absorbable form (alcoholic 

llic I*'"' Pormit the finding of free phenolphthalein in the urine because 
pro mucosa allows phenolphthalein to enter the circulation more 

’ obvious that we cannot compare the results of the quantitative 

the Previously by Fantus and Dyniewicz," and quoted by Rowland, with 

oow being discussed. There is a much greater and prompter elimina- 
' 110 5 ° Hi'cnolphthalein after the alcoholic dose of phenolphthalein than after 
' stud' larger doses given in capsule form. The time factor in the tw’o 

was also -different. In the “Woldman’s test” studies the speed of 
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elimination is measured at two-hour intervals for ten hours, while in the Fantin 
and Dyniewicz studies interest was centered in the total elimination as sliowu 
by collections of twenty-four-hour specimens. 

The previous work on phenolphthalein elimination ivas done after ingestion 
of doses ranging from 0.10 Gm. to 0.25 Gm. in capsule form. The total elimina- 
tion was studied for as long as six days. The elimination of from 1.41 to IM 
per cent was for all doses. That many factors influence the elimination of 
phenolphthalein in the urine was recognized at that time and set forth in tiie 
article, e.g., ‘ ‘ the lai'ger the dose the smaller the percentage of the elimination" 
and “the greater the laxative action the less the elimination.” We now aw 
aware of additional causes which influence the amount of phenolphthalein 
eliminated in the urine, e.g., low elimination in kidney disease and high elimina- 
tion in “yellow” block (jaundice) and in “white” block (sepsis). There is, of 
course, a great difference in phenolphthalein elimination rvhen the drag is taken 
in alcoholic solution or in capsule foi’m. When 100 mg. of phenolphthalein in 
an alcoholic solution are taken on an empty stomach, we obtain on the arerage 
24 mg. per cent of total phenolphthalein in the stool and 38 and moie pei cm 
in the urine. After the ingestion of 300 mg. of phenolphthalein in a capsii e, 
an aAmrage of 75.5 per cent of the dose rvas found in the stool and on) • F 
cent on the average in the urine. The reason for the apparent disciepancj 
tween our present results and some of the data in our former repods is, 
fore, plain. 

Table I 



When one desires to favor absorption of phenolphthalein an ^ 
it for cathartic action, its administration by the method Tariahk 

e.g., in alcoholic solution on an empty stomach, eliminates at eas ^^jpgiions 
factors ; the phenolphthalein is not dependent for solution there 

of the intestines^ a more uniform and more rapid absoiptmn from 

is no food interference; and the alcoholic vehicle helps at t«''> 

stomach. Furthermore, by studying the 

hour instead of twenty-four-hour inteiwals, the amount ° ]axafive ndic”’ 
the urine is much less likely to be influenced by the ex en 


which usually occurs after six hours. iphtlmki” 

The ten-hour elimination after the alcoholic dose of im glyea 

auently exceeds the amount eliminated in six days after ’ , igju is 

fa capLle farm, and com,c,urntly the ftoding of fr« P'r^ISily 
much more common, as this depends upon two factors . conjn®’*^ 

phenolphthalein in the urine, and the bacterial decomposi 
phenolphthalein. 
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RELATION OF FREE TO CONJUGATED PIIENOLPHTHALEIN 

The amount of free phenolphthalein found in the urine is largely influenced 
hy the quantity of conjugated phenolphthalein present (as is shown in Table I 
and Graph 1). 

Graph 1 

Relation of Tree Phenolphthalein to Con- 
jugated Phenolphthalein in Urinary elimination 

Z 1 1 \ I 7 

nguire above 'point indjicatcs / 

number of 6peciiT)cos studied / 



HPill 



Average concentration of conjugated phenolphthalein 
The curve shows the correspondence between the con- 
centration of free pbcnolphthalein and of the average 
concentration of conjugated phenolphthalein 


It must, of course, be understood that every specimen having a concentra- 
bon, e.g.j of 5 mg, per cent of conjugated phenolphthalein docs not give a posi- 
test for free phenolphthalein, neither does every specimen having a lower 
concentration of conjugated phenolphthalein give a negative test for free 
P lonolphthalein. But the general tendency is in this direction (see Graph 1). 
jjy greatly influence the presence of free phenolphthalein in the urine 

• decomposition of conjugated phenolphthalein to free phenolphthalein 

at ^l-^^ding. Urine containing conjugated phenolphthalein and incubated 
' C- will show a progressive increase in free phenolphthalein. Tlie same 
kept in the refrigerator or passed through a Seitz filter and then incubated 
Ikis breaking down of conjugate. Hence prompt testing of the 
IS an essential part of the "Woldman test. 

stated, the data presented mean that “the amount of con- 
cd phenolphthalein in the urine generally governs the presence or absence 
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of free phenolphthalein. Hence, any condition -whieh will promote an increased 
formation or circulation in the blood of conjugated phenolphthalein will lead io 
the appearance of free phenolphthalein in the urine.” It is correctly pointed 
out, as originally stated by us, that in contrast to the patients only 1 per cent 
of nonnal persons show free phenolphthalein when the concentration oi con- 
jugated phenolphthalein ranged from 1 to 2 mg. per cent, and that only few 
normal persons show a concentration of conjugated phenolphthalein of ahove 
5 mg. per cent. It is not the 20 to 40 per cent of positive tests in so-called 
normal individuals rvhich make the Woldman test unreliable, but the 82 per cent 
of positive results in diseases other than gastrointestinal. It is this latter fact of 
over 80 per cent positive Woldman’s tests in n 07 ialimentarff tract diseases, irhch 
renders this test unreliable for diagnosing an ulcerative lesion in the gastro- 
intestinal tract. Since ailing individuals are the ones who will be subjected to 
the test, it is important to note how many patients show free phenolphthalein 
within the range of 1 to 2 mg. concentration of conjugated phenolphthalein and 
how many of them have a concentration of conjugated phenolphthalein above 
5 mg. per cent. In our study with hospital patients, free phenolphthalein was 
found in 36 per cent of the specimens when their conjugated phenolphfha ein 
concentration was 1 to 2 mg, per cent, and 46 per cent of the specimens show 
a conjugated phenolphthalein concentration above 5 mg. per cent. 
clear that the excretion of phenolphthalein in nonnal persons has acfua } no 
bearing in the controversy about the usefulness of the 'Woldman test in i 
patients, 

INFLUENCE OP DISEASE 

Disease has, however, a most marked influence upon the 
phenolphthalein in the urine. Even certain "mild” affections of t e m i ^ 
e.g., cold, sore throat, may greatly change phenolphtlialein in 

viously stated, in kidney disease there may he practically no pheno p i 
the urine, wdiile in jaundice very little may he found in the stoo an 
as 80 per cent in the urine. . , 

The statement “All observers recognized early that only 

disease and blood dj^serasias gave a high per cent of positives ^vscrasi® 
partly confirmed by our results. Cardiovascular diseases and onr 

give a high percentage of positives. Nephritic patients, j-epoff) 

series the smallest percentage of positives (Table I of pre i . j 
since they do have a very small elimination of conjugate dis- 

Eowland’s interpretation of the positive "Woldman ’s tests that: 

ease, based on the investigations of Portis and Jaffe,'" w lo with 

"When peptic ulcer is the incidental lesion, it is most o hi 

cardiovascular disease, ’ ’ seems logical and sliould he furt ler ^vscrasia® 
however, does not explain the high incidence of positives m m 


and jaundice. _ slM^ 

From the findings in our studies we must disagree gulfat*^- 

ments bv Kowland; "The conjugation of * f Tiiisf””*’' 

‘ -i-.i +n nccur in tlie m 


mems oy iwwiauu; lue wxijugttww*! r-- ijycr. 

glvcuronates, or other substances is believed to occur m i-cgiilarly 

tion seems to be suspended in jaundice and free pheno p of eon- 

pears in the urine.” It is our experience that in jaim i norms ' 

jugated phenolphthalein in the urine is two to four im 
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a fact which wo believe to be the cause of the regular appearance of free phenol- 
phtlialein in the urine. Quantitatively the eoiiccntration of conjugated phenol- 
phthalcin to total phenolphthalein was found to be about 95 per cent in jaun- 
diced individuals. In other words, in jaundice, free phenolphthalein appears 
regularly in the urine, not because conjugation of phenolphthalein in the liver is 
suspended (it may even he questioned whether phenolphthalein is conjugated in 
the liver), but because the urine contains very large amounts of conjugated 
phenolphthalein. 

It is easy to perceive how false positive tests can be obtained in jaundiced 
cases, when qualitative examinations arc performed. This possibility, however, 
is excluded when quantitative studies arc done, as in these the phenolphthalein 
is extracted by ether and then determined eolorimctrically. 

Negative Woldman tests may oeeur when the solution of phenolphthalein is 
not absorbed from the stomach or intestine, or when absorption is delayed by 
other than intragastrio or intraintestinal faetoi-s, since in those instances even 
a decrease of conjugated plienolplithalcin is found in the urine. Work on the 
factor of absorption is presently going on in our laboratory and promises to give 
interesting results, 

CONCLUSIONS 

1. Additional studios on phenolphtbalein elimination support the pre- 
liminary observation that the Ivigber tlie concentration of conjugated phenol- 
phthalein in the urine, the more likely the appearance of fi’ee phenolphthalein 
bit. 

2. Phenolphthalein elimination after ingestion of 100 mg. of phenol- 
phthalein in alcoholic solution is much greater witliin ten hours than the elimina- 
tion after 300 mg. of powdered phenolphthalein in capsule within twenty-four 
hours. 

3. This difference is obviously due to the factor of absorption. 

I. Reports in the literature confirm our observation that Woldman 's test” 
N unreliable as a test for gastrointestinal ulcerations. 

r lo express our thanks to Dr B. Fantus for liis valuable suseestions and to Miss 

Uillng, R. N,, for her technical help. 
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THE EFFECT OF SULFANILAMIDE ON ACID-BASE BALAKCE* 


Evan W . AIcChesnev, Ph.D., Kijibaix D, Sprague, A.B., 
AND Irvine H. Marshadi., AI.D., Rensseeaer, N. Y. 


S INCE the introduction of sulfanilamide in 1937, many important proHms 
concerning its physiologic effects have been adequately studied. However, 
one significant aspect of the picture remains in a state of confusion; thh con- 
cerns the effects of the drug on the aeid-base balance of tlie organism. Ai- 
tiiough it was rather early recognized^ that administration of the drag produce 
a condition simulating acidosis — at least in tlie sense that there is a decrease in 
the carhon dioxide combining power of the blood plasma — ^there has not ticca n 
complete agreement among different investigators as to the nature of the dis- 
turbance in acid-base balance or its cause. 

Observations made on patients’"® indicate that administration of suiia'ub 
mide (doses usually 3 to 10 6m. per day) causes; (1) a decrease in thephsina 
carbon dioxide eomliining power, and (2) an increase in urinary carhon 
and pH. The same phenomena were observed in dogs by Alai’sliall, u 
and Emerson,® the doses being from 0.5 to 2 6m. per kilogram of ho ) "f'o 


tlie blood 
ard the 


per day. Thus it is clear that bicai’bonates are being lost from 
are being excreted in the urine. The general tendency has been to rega 
disturbance in aeid-base balance due to sulfanilamide therapy as an aci 
to supplement such medication with sodium bicarbonate or lacta c. 
such conditions cyanosis is ordinarily absent. _ 

The mechanism wliich brings about the loss of alkali Q^pins, 

mained obscure, but two explanations have been suggested. A urine) 

and Emerson propose the following; ‘'It is possible that this 
may he due to lack of reabsorption of bicarbonate and base fioni ^ 
filtrate, the reabsorption of a large amount of the filtered exped" 

fering with that of the bicarbonate.” However, they did no - gjji.tinann, 
mental evidence bearing on this point directly. On the other ^ ^iew 
Perley, and Barnett have, on the basis of clinical observations, ‘ 
that sulfanilamide exerts its influence primarily on the assume 


causing hyperpnea with resultant blowing off of carbon mxi • 

this to he followed in seciuence hv; (1) an increase in hloo P » . , 

^ ‘ They, therefore. 


fee) 

pensatoi’y excretion of alkali by the kidneys. They, jjg a 

disturbance in aeid-base balance should he properly regar fated 
dioxide deficit type of alkalosis.” This statement appears o sd- 

confusion, since they liave also raised the question whet ei^ jaclicated 
ministration in conjunction with sulfanilamide is ‘ not on } 
definitely undesirable under certain circumstances. 


'From the Research l,aboratories, Wlnthrop Chemical Comp 
Received for publication, April 15, 1940. 
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In view of the questions raised by Hartmann, Perley, and Barnett, it has 
seemed desirable to present further evidence licaring on the effect of sulfanila- 
mide on acid-base balance, and, if possible, to demonstrate which of the sug- 
cested explanations of the disturbance is correct. 

/I ’-300m9’nAii^CCtsfi€r‘Aomoraffy~£/o^ 20-32-35 
n-500 - » ^ - /-/J 



Tme- Pays 

Wg. 1.— Loss of carbon dioxide comblninj: power of plasma caused by sulfanUamiUe (prontylin) 
restored bs' the administration of sodium bicarbonate. 


F.XPERIMENTAL 


I. i)Emonstration that siilfanihonidc acidosis is relieved hij alkali . — -Five 
Sfiiiit dogs were used as subjects. During a preliminary control period of five 
the carbon dioxide combining power was determined daily until a normal 
table was established. Medication consisting of 0.5 Gm. of sulfanilamide per 
! of body weight was tlicn given in a milk suspension by stomach tube 
I'a three equal doses at eight-hour intervals) daily. The carbon dioxide com- 
"“hg power was determined at the same hour each day until it appeared that 
® further decrease would occur, then the medication was supplemented with 
of sodium bicarbonate indicated in the figure (0.3 to 0.5 Gm. per 
’ per day, in three doses) until the original carbon dioxide combining 
loner was restored. Tiie results of this medication sequence are shown in Pig. 1. 
OoHunenf. The median normal carbon dioxide combining power for the 
of animaLs was 5l to 52 volumes per cent. The administration of 0.5 Gm. 
sulfanilamide per kilogram per day reduced the carbon dioxide combining 
“ median value of 45 volumes per cent, after which no furtlier decrease 
tier administration of 0.5 Gm. of sodium liicarlionate per kilogram 

uy rapidly restored tliis value to 52 A’olumes per cent or more, hut dosages 
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of alkali ranging (in separate expei-iinente) from 0.1 to 0.3 dm. per kilogram 
per day were not sufficient to bring about complete reeoverj'. 

II. Demonstration that snlfanilaniide acidosis is prevented hij the mfmimV, 
tration of the proper amount of atl-ali. A group of five dogs, including low 
from the previous experiment, was studied in the same manner as kefore to 
determine the normal carbon dioxide combining power. When this val® iras 
established, the animals were given 0.5 Gm. of sulfanilamide and 0.1 &m. ol 
magnesium oxide per kilogram of body weight per day as a single dose. Tk 
plasma carbon dioxide combining power was determined daily on a blood sam- 
ple taken just before medication. This treatment was contimicd for ten days, 
and the results are shown in Pig. 2. 



Time-Dcfys 

Pig. 2. — Simultaneous administration of sulfanilamide 

loss of carbon tlioxide combining poY.er resuus. 




>*0 


Comment. The data represented graphically in Fig. 2 


indicate 


fliat tke 


normal carbon dioxide combining poiver for this group 


of animals is agaw 


bf- 


unchangf^ 


tween 50 and 55 volumes per cent. This vmlue remained ^ _ 

during the period of medication, shoiving that the amounts o ^a 
given are approximately equivalent physiologically, at leas i 
under the conditions of this test. . acid-tea^ 

III. Demonstration of the order of the changes quietly 

tors foUoiuing sxilfanilamidc. A female dog was traine to rd®'® 

strained on a padded table for long periods of time, was ^ Pespir®^®^ 
a urethral catheter and stomach tube, and to permit blood adjusted to tk 

rates and volumes were recorded by means of a pneumogiap^^^ 
thorax and connected with a recording tambour, the control 

recorded graphically on a smoked drum. After a body 

medication consisting of 0.6 Gm. of sulfanilamide pei lu i-einoved)- 

suspended in milk was given by stomach tube (the tiue ^^^pies every 
Blood samples were taken every thirty minutes and mine si 
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minutes up to three hours after medication, after which thej' were taken less 
frequently. The pH of each sample was immediately taken by means of the 
glass electrode, the blood determination usually being complete within forty- 
five seconds after taking the sample, or as soon as a constant reading could be 
obtained. The urine sample was kept under oil until the blood sample was fin- 
ished. Respiratory exchange was calculated in arbitrary units ; i.o., the rate of 



S.O 



- SHAM MEDICATIOH 

PROHTYUH MEDICATIOH 

A.O . 


0 T To Iso IBO WO SOO 360 430 

I MEDICATE TIME IK JffKDTES 

'*''PlratorJ'';;S“"Ses In the various acid-base factors followinff sulfanilamide medication. A, 
medirV*! given in terms of per cent of the value recorded during the period pre- 

Figures given fop sulfanllamiae medication are medians obtained from 
separate.'*^ ®*periments c. Figures given for sham medication are averages obtained from 

experiments. 
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of alkali ranging (in separate experiments) from 0.1 to ,0.3 6m. per kilogram 
per day were not sufficient to bring about complete recovery. 

II. Demonstration that sulfanilamide acidosis is •prevented 6i/ fJic admimV 
tration of the proper amount of alkali. A group of five dogs, including four 
from the previous experiment, was studied in the same manner as before to 
determine the normal carbon dioxide combining power. IVlien this value w 
established, the animals ivere given 0.5 6m. of .sulfanilamide and 0,1 Ga of 
magnesium oxide per kilogram of body weight per day as a single dose. Tlir 
plasma carbon dioxide combining power was determined daily on a blood sam- 
ple taken just before medication. This treatment was continued for fen days, 
and the results are shown in Fig. 2. 



Comment. The data represented graphically in Fig 


2 indicate 


that ibf 
be- 


normal carbon dioxide combining power 
tween 50 and 55 volumes per cent. This value remaine pra 
during the period of medication, showing that the amoun s o 


alkali and drag 


approximately equivalent physiologically, at css 


the dogi 


and 


given are 

under the conditions of this test. . 

III. Demonstration of the order of the changes in the taJ 
tors following sulfanilamide. A female dog was traine to wb'''”’ 

strained on a padded table for long periods of time, ‘ 
a urethral catheter and stomach tube, and to permit b oo adjusted to 

rates and volumes were recorded by means of a .gjgjjs of ■"’hidi 

thorax and connected ivith a recording tambour, t le control pr” ^ ' 

recorded graphically on a smoked drum. After a 


aatisfactoi7^--^t 


of body 
then re"'®’ 


recuiucu. uii a . Lilom'am 

medication consisting of 0.6 6m. of tie^vas ui'=“ 

suspended in milk was given by stomach tube ( samples every 

Blood samples were taken every thirty minutes an 


ived)- 

fifteen 
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have been expected if tlie explanation proposed by Hartmann, Perley, and 
•'Barnett were correct. In the third place, W'c have observed in control oxperi- 
’ments hyperpnea and increased blood pH -without any change in the pH of the 
urine. Finally, the blood pH after sulfanilamide tends to fall slightly, and to 
'rise later, but only after a respirator}’ acceleration becomes evident.^ 


CONCLUSIONS 

1. Sulfanilamide causes a distiu’bance in acid-base balance characterized 
• by loss of alkali from the blood into the urine. Tins probably has its origin in 
. some type of interference with the reabsorption of bicarbonates from the glomer- 
..ular filtrate. The phenomenon is, therefore, most accurately designated as a 
primaiy alkali deficit due to alkali loss. 

- 2. The alkali deficit which occurs in dogs medicated urith sulfanilamide may 

be compensated by giving alkalies in about the amount of 100 mg. of magnesium 
oxide or 500 mg. of sodium bicarbonate per 500 mg. of sulfanilamide. 
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, fe submitted for publication U came to our attention that HartmannJ 

*uM, ^.*P^rnnental n views with new experimental subjects without, however, 

■ itPiv ® opinion that liis views are incorrect remains unchanged. That 

* melfcatlArf tiy tlie chart on page 951. Here the urme pH r ses 

/ "iits) over a i”* *^’*^**® the scrum pH rises slowly (and insignificantly, since within normal 
Of, .V The ammA« “ several days. In other words, the “effect’* precedes the “cause. 
i medication followed by sulfanilamide seems to have bei^ing 

? to be expected that during, or immediately after, 

■' neutralize several times all the bicarbonate in the blood 

0 naturally he ®^®f,®te bicarbonates. Any bicarbonate escaping reahsorption at tliis time 

f neutralized in the ver>' acid urine. 


THE CAPACITY OP THE KIDNEY TO CONCENTEATE URINE IX 
ACUTE GLOMERULONEPHRITIS* 


Rayjiond Gregory, Ph.D., IM.D., Galveston, Texas 


I 


T IS the purpose of this paper to call attention to the infrequency rviih 
attention is paid to the power of the kidney to concentrate the urine in acute 
glomerulonephritis and to point out what appears to be an error in most of the 
discussions of this subject. I will review the literature on the subject and report 
additional eases of acute glomerulonephritis vnth impairment of ahilitj to con- 
centrate the urine. My previous experience with a number of eases of acn f 
glomerulonephritis has been at variance with tlie statements in the usual source 
concerning the capacity of the kidney^ to concentrate urine in acute glomcru^^ 
nephritis. Unless stated to the contrary, acute glomerulonephritis is use 
as a designation for the diffuse variety of this disease. ^ 

In the impoxTant review of the sxxbject of nephritis by I an 
others,^ I have found no mention of the capacity of the kidne) to 
when affected by acute glomerulonephritis. Nor do Peters an 
discuss tlxis function of the kidney in acute glomerulonephiitis. 
both papers adequately cover the concentration of the urine 3 '® 
chronic glomerulonephritis, one might infer that they do not 
there is any significant change in this function of the kidnej m aeu e o 

nephritis. _ criffd'’'' 

In this paper the values for the specific gravity of the jnJ 

of the kidney's concentrating power are based on the noi>. ° 

Shevky,® Lashmet and Newburgh,'* and Lundsgaard® who usee “ diat 

tied Volhard test. Their results xmry slightly, but all are m of 

with proper technique the kidney should concentrate to a individo^^’ 

at least 1.025. Addis and Shevky found 95 per cent of could 

could concentrate above 1.028, and 100 per cent of noima iR 
concenti-ate above 1.026. 

CASE REPORTS . 

j ll05p^ 

Case 1. — W. K., a 17-year-old colored school boy, '"'as jevere 

September 25, 1938. For many months he had prolonged head co and 

headaches suggestive of sinnsitis. The present illness de% ^ admiss*®**’ 
vith swelling of the face, malaise, and anorexia one month e of the 1'“, 

after onset there was swelling of the abdomen, and finally slig it sue outpub 

not aware that he had bloody or smoky urine, or any decrease ^ 
increasing edema of the face and swelling of the abdomen an pr gaenui of 

Examination showed marked edema of face and trunk, 
tremities. The edema was of the hard, brawny' type and pit ® papillode®"' 

bilateral otitis media was present; the right ocular fun us 

— . _ ,reaical school ana 

•From the Department of Medicine, Howard Universi j 
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small hemorrhages above the disk, arteries of smaller than normal caliber but no exudate. 
There vens marked papilledema on the left. The heart was enlarged to the left, the total 
transverse diameter being 15 cm., and that of the chest 2G cm. A diastolic murmur was 
heard along the left border of the sternum and the blood pressure was systolic 158 and 
diastolic 70. Slight jugular distention, edema of the abdominal wall, slight shifting dull- 
ness in the abdomen and slight edema of extremities were present. The spleen descended 
2 to 3 cm. below the left costal margin on deep inspiration. 


Eight urine examinations were made. All of them showed 2 plus to 4 plus albumin 
and were acid in reaction. The specific gravity of seven specimens was 1.012, one was 
1.015. Only one specimen was positive for blood. Red blood cells were 2,530,000, hemo- 
globin 34 per cent, white blood cells 13,000, polymorphonuclear cells 88 per cent, lympho- 
cytes 12 per cent. Blood serology w'as negative. 

The patient had fever during his entire stay in the hospital. Both ears drained 
during most of his hospital course. After one negative culture the blood culture lepeatedly 
showed hemolytic streptococci. The diastolic basal murmur became progressively louder 
and was associated with a diastolic thrill for the last few days of life. Total blood plasma 
■ protein was 7.8 per cent, albumin 3 per cent, and globulins 4.8 per cent. A roentgenogram 
. of the chest showed the total transverse cardiac diameter to be IG cm., and the chest 
. diameter to be 27.5 cm. On admission the nonprotein nitrogen was 22 mg. per cent, and 
creatinine 1.7 mg. per cent (frequently found as a normal value in this laboratory). There 
a progressive increase in nitrogen retention, which was 8.'5.7 mg. per cent of nonprotein 
• nitrogen, 7.5 mg. per cent of creatinine, and 19 volumes per cent of carbon dioxide combin- 
ing power the day before death. 

The fluid intake was 3G0 c.c. and GOO c.c. the first and second hospital days, respec- 
li^vely. The output of urine was 300 c.c. and 360 c.c., respectively, the first two days in 
t e hospital. The first twenty-four hours he lost one-half pound, or roughly 250 Gm. Dur- 
'■ ''ig the first week he lost an average of 374 Gm. daily. It is believed that this loss of 
, ^cight was not all due to fluid loss because of his fever and the extremely small food 
intake. The specific gravity of the urine was 1.012 on each of the first two days when the 
output was much diminished. He died on October 18, 1939, twenty-three days after admission. 
The clinical diagnoses were acute diffuse glomerulonephritis, acute bacterial endo- 
r dis due to a hemolytic streptococcus on the aortic or pulmonic valves, aortic or pul- 
inonic insufficiency, bilateral otitis media, and liemolytic streptococcic septicemia. 


\ ^^0 Pathology Department, performed a necropsy seven hours after 

^ kidneys were enlarged, the combined weights being 705 Gm. The capsules 

' face^b showing numerous petechial hemorrhages in the cortex. The cut sur- 

kid “ S®d markedly, the pyramids were dark colored, iticroscopic examination of the 
' 11/ ®^o^ed capsular proliferation, many glomeruli were avascular and showed pro- 
aosis endothelial cells. Tubular degeneration was marked. An anatomic diag- 

®oboir^^ of acute thrombo-ulcerative endocarditis of the pulmonic valve; septic 

Pa lungs; diffuse proliferative capsular glomerulonephritis; degeneration of 

organs and acute splenic tumor; slight dilatation of heart; passive conges- 
• •^anlium spleen, and kidneys; dependent edema; slight ascites and hydroperi- 

' I coti • f suppurative otitw media. Cultures from the spleen showed hemolytic 

f L rora the lung, B. coU and hemolytic streptococci. 


' [ im — ^0 concentration tests were done as such. I believe it to he 

**' liowever, that the specific gravity of the nrine was 1.012 on two 

output was 300 c.c. and 360 c.c., respectively. That diuresis 
' V the ^ ^ f'^iotor in the low specific gravities recorded is further shown 

' 250 patient. The first day he lost one-half pound, roughly 

'i‘ ^PPro^' week he lost five and one-half pounds, an average of 

probably not all dne to fluid loss 
6 ate very little, in spite of the fever. On the days when the specific 


1162 


THE JOURNAL OP LABORATORY AND CLINICAL JIEDICIKE 


gravity was 1.012 and tlie urinary output was very low, the urine confained 
three-plus albumin. The specihe gravity corrected for the alkimin woiikllikcly 
have been 1.011 or 1.010. 


Case 2. — H. A., a Sl-year-old colored male janitor, was admitted to the hospital os 
Alarcli 29, 1939, and was discharged improved on Juno 14, 1939. His complaints me 
shortness of breath, swelling of the feet, legs, and abdomen, and weakness. In Fehruary, 
1939, ho had a disease characterized by fever, generalized aches and pains, and diagnose! 
as “ grippe by a physician. About February 20 he returned to work but became progres- 
sively weaker. Shortness of breath and srvclling of his abdomen gradually dcvclopel 
Swelling of tire feet and of the face occurred a few daj's before admission. 

Examination showed him to be pale. He could lie flat without respiratory embarrass- 
ment. His lieart was of normal size, his mechanism was normal, and his blood pre;Sore 
was systolic 120 and diastolic 80. Edema of the abdominal wall, especially of the fiasb, 
and two-plus pitting edema of the legs were noted. Tire fundi oculi were normal. 

The urine was cloudj^, acid, had a speeifle gravity of 1.014, and contained thrMpb. 
albumin. It was otherwise normal. The blood had red cells 4,570,000, liemoglohin i- pw 
cent, white cells 13,350, normal dilferential. Hinton and Eagle precipitation tests vn 
negative. 

During the patient ’s entire stay in the hospital he had no fever and a 
slow improvement. Weight nineteen days after admi.ssion was 189 pounds, 
fore discharge, 163 pounds. The weight on admission was probably greater than 
than twenty blood pressure recordings w'ere systolic 110 to 120 ’.V, sm cf 

March 30, 1939, the venous pressure was 8 cm. of blood. On April 4, J j.030. 
chyliform fluid was withdrawn from the abdomen, the specific gravity o w iic 
On April 12, 1939, the total blood plasma proteins were 4.7 Gm., albumin ‘ j 
2.4. In spite of a four-plus albuminuria the maximal concentration of le ^ 
sixteen hours after abstaining from food and drink. A urea clearance 
maximal clearance and a blood nonprotcin nitrogen of 01 nig. per cen On 5187 

May 6, 1939, the red blood cell count was 2,850,000 and hemoglobin was 40 ^55 jj 

12, 1939, the red blood cell count was 3,050,000. On May 18, t),e Wool 

per cent of maximal normal; total proteins 4.9, albumin 1.5, glo " spefiM^ 
nonprotein nitrogen 53.2 mg, per cent. On May 25, 1939, the twen y 0^ the nof 
of urine measured 1,100 c.c. and contained 17 Gm. of protein. On in tib 

protein nitrogen -was 31.6 mg. per cent, creatinine 3.0 mg. per jg globulin--^' 

laboratory often 2). On June 9, 1939, total protein was 6.0 Gm-, a "nn ' 


urea clearance 15 per cent of the standard clearance. 

Clinical diagnoses; Acute glomerulonephritis, ascites, and uremia. ^ 

Comment . — Twelve urine specimens contained three-pl«s in 

bumin for the first six weeks in the hospital. Red blooc ee s ^ 

the urine only infrequently. Of fifteen urine examinations v e ^ 

gravity of 1.017 or below (1.013 to 1.017); two were 1- i 


;.e 1.018; one was 


gravity of 1.017 or below (1.013 to 1.017); two were i- i 
month after admission. In spite of marked edema, asm es, 10^ 

on admission, the specific gravity of the urine tvas 1- • . 4^^ nriae 


the 

,.nflOU 01 . .. 


ill spite of a four-plus albuminuria, the maximal coneen i appears h®" 
was 1.018 sixteen to seventeen hours after no food 01 m !yas 
the above data that the impairment of the tubular funo ion t if 

as that of the glomerular function. But if the ^ imliea^f ^ 

albumin content of the urine, the specific gr^y^ty 0 conlo'y;’ 

greater degree of tubular damage. It is known tha qiiantita**'''' ' 

large amount of protein have more than 0.5 per g„t, Itseea’5^® • 

niation of this patient’s urine indicated that he had J. 1 
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therefore, to assume that the urines which had three- to four-plus albiuiiiii 
coutained approximately 1 per cent albumin. A correction’’ for the amount 
of albumin would result in a maximal concentration of l.Olo instead of 1.018. 

Case 3. — 0. T., a colored scliool girl, J5 years of age, was admitted to the ho^iiital on 
Decemlier C, 1038, with the complaint that four weeks before she was admitte<l her illness 
had begun with severe frontal headaches and drowsinc.ss associated with swelling of the 
face, particularly the eyelids, and feet. The edema .sub^ded during the day and lecurred 
during the night. Seven days before admission visual impairment liccame so marked that 
she consulted an ophthalmologist. She gave no history of a previous rcspnatoiy or any 
other type of infection for many months prior to onset of the illness. The urine assumed 
a darker color during the present illness, but she had not been aware of bloody or smoky 
urine or any diminished volume. Urinary frequency was four times daily and once at night. 
She said her face was less swollen than at the beginning of her illness. 

Examination showed the face and lids edematous. The blood pressure was systolic 
115 and diastolic SO, the heart and lungs weie normal, the tonsillar lymph nodes were en- 
larged, the tonsils were absent, the spleen was not felt, the abdomen was normal. The 
patient was in a good nutritional state and reflexes were normal. Fundus examination 
showed marked bilateral papilledema, numerous splinter hemorrliagcs in both eyes, veins 
engorged, very slight unevenness of caliber of arteries, a few cottonwool exudates close 
lo the disks, macular areas normal, and two flame-shaped hemorrhages a disk's diameter 
alove right disk. 

The urine was acid and cloudy and had a specific gravity of 1.020; it gave a three- 
plus albumin reaction, and was negative for sugar, acetone, and bile. The sediment showed 
tuauy long granular and cellular casts, numerous red blood cells, and the benzidine test on 
the sediment was strongly positive for blood. During the next two months fifteen examl- 
aations of the urine were made. A three-plus albuminuria was present on all but two 
Occasions, when it was two plus. Microscopic and/or chemical tests for blood wore positive 
la all but three specimens. Granular casts were found seven times in the fifteen examinations. 

The blood on, December 8, 1938, showed red blood cells 3.48 million, hemoglobin 54 
per cent, white blood cells 4,050, essentially normal differential. On January 3, 1939, red 
blood cells showed 2.4 million, hemoglobin 28 per cent; the reticulocyte count on January 
16 was 4.2 per cent. The red blood cell counts remained from tw'o to three million and 
the hemoglobin from 28 to 52 per cent. The white blood cell count was low for the first 
hospital when it w’ent to 11,400. There was a constant leucoeytosis from 
IMoO on January 20 to 27,800 on January 23 and 22,550 on February 1. On and after 
the polymorphonuclear cells were 83 per cent or greater. On December 7, 
^ I One day after admission, nonprotein nitrogen was 54.5 mg. per cent, creatinine was 
uig. pej. carbon dioxide combining power was 53 volumes per cent; on December 12 
onprotem nitrogen was 46 mg. per cent, creatinine was 1,9 mg. per cent; on December 19 non- 
ein nitrogen was 28 mg. per cent, and creatinine was 1,4 mg. per cent. 

The patient had fever during her entire stay in the hospital; on several occasions her 
lOl" and lOo” V. On December 11, 1938, she was clinically improved, the 
hlood^ rapidly disappearing, and she was mentally more alert; the following day her 
duct’ systolic 114 and diastolic 78. Physical examination revealed a pro- 

normal lungs. On December 15, 1938, papilledema decreased, only one 
shaped hemorrhage remained in the right eye; the exudates previou*?!}' seen had 
transr^^'^’ T'hrcc days later eye grounds were essentially the same. She was gi\en a 
Kravit”*''*” 0^ -lOO c.c. of citrateil blood on January 4, 1939. Two days later the specific 
‘y of her urine was 1.012; on January 8 the .specific giavity of the urine was 3.012. 
"ai ^nid in left chest on January 21, 1039; pericardial friction rub 

thp January 23. The patient was having pain o%-er the prccordium, and both 

hpard^ ^oft sides of her heart were considered enlarged. Tubular breathing was 

( pfTuoion'^*^ posteriorly. The question whether tliis was due to pericardial 

•’f pleural or pneumonic disease was raised, but no conclusive decision was reached. 
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On January 30 two hemorrhages and exudate and papilledema were seen in tlic left 
on January 31 the Bumpel-Leede capillary fragility test was positive. The blooil prcs'OK 
was sj'stolic 140 and diastolic 98. Nonprotein nitrogen was 160 mg. per cent, crcnlinine 
was 3.0 mg. per cent, total blood plasma proteins were 6.25, albumin was 2.10, and glolralia 
was 4.15; uremic frost was observed along hair margins. On February 1 total protein m' 
6.25 Gm. per cent, albumin 2.10 6m. per cent, globulin 4.15 Gin. per cent, nonprotcin nitio 
gen 100 mg. per cent, creatinine 3.0 mg. per cent; the following day nonprotoin nitrogen to 
210 mg. per cent and creatinine 3.5 mg. per cent. 

Concentration Tests . — (All water and food were withheld fourteen to sixteen hours and 
the bladder w'as emptied one to trvo times before the specimen w'as obtained for specifo 
gravity estimation.) On December 7, 1938 (the day after admission, four weehs after as- 
set), the specific gravity was 1.019, albumin was three plus; on December 15 , specific gravilr 
1.018, albumin three plus; on December 23, specific gravity 1.017, albumin three plos, 
Januarj- 5, 1939, specific gravit 3 ' 1.010, albumin two plus; January 8, specific gravity 
January' 9, specific gravity' 1.012, 90 c.c.; January' 10, specific gravity' 1 . 006, 90 c.c.; January 
12, specific gravity' 1.012, 120 c.c.; January 13, specific gravity 1.012, 150 c.c.; January lb 
specific gravity' 1.010, 210 c.c.; January 15, specific gravity 1.010, 150 c.c.; January , 
specific gravity' 1,007, 180 c.c. 

The course grew progressively' worse and the patient died February i, 1939, on 
sixty'-second hospital day'. Permission for necropsy was not obtained. 

Clinical diagnoses: Acute glomerulonephritis terminating in uremia, septicemia of 
determined etiology, uremic pericarditis with effusion. 

Comment . — This patient probably bad impairment of concentrating 
when she was admitted to the hospital dehydrated, edematous, an ^ ^ 

urine specific gravity of 1.020 and a three-plus albuminnria. 
gradual decrease in this function until the concentrating ^ Ijdiis 
at 1.010 to 1.012 after January 9, 1939. The necessity for 
for the albumin content of the urine in specific gravity estimations i 


tration tests is again emphasized. 


the hospita! on Oc'^' 


Case -i. — J. E., a 29'yeiar-old colored clerk, Avns admitted to t e , 
0, 1938, complaining of sliortness of breath and a bad cough. The , , 


illness h'S*" 


10, 1938, complaining of sliortness of breath and a bad cougn. c 
three weeks before admission with a “head and chest cold the onsel 

oughly' soaked in a rainstorm. He had chilly sensations and fc' er ro Preath, o'®’ 
illness. Several days before admission he developed extreme shor jjj ti®^-' 

of low'er extremities, headaches, and dizzy' spells. Urinary frequency yi , . 


of low'er extremities, headaches, and dizzy' spells. Urinary frequency ^^j„; 55 ion be 

in the day' and three to four times during the night. Two months e o 

had gonorrhea which had been treated successfully by a pliy'sician. -hinfcJ 


He exhibited a great amount of unproductive coughing. “puff,''- 

- - ^ — and ey'diu" 


thopnoa. The conjunctivae 'vere markedly' blood shot; face ”” ® ami tlic''^ 
The fundi oculi shoived no pathology. The jugular veins were slight y^ anterior 


The funoi oculi shoived no pathology. Tlic jugular veins '"i*" anterior -• 

congestive rales in the lung bases. The heart 'vas enlarged to ic ^ gallop rbyP'® 


c idles m tiitj mug uustjs. i uc a J l 4 

line in the fifth interspace. The apical thrust 'vas not forceful, lO 

WnnJ nressurc uns . ...nkr 


and pulsus alternans, the heart rate was 140, and the blood pressure 
diastolic 160. There was a small amount of fluid in the abdomen, c 

rv-ni-l n-v'f a«r1ofl A. nr*^ + •mnr<riTi. There 'vas a 


and extended 4 era. helow the right costal margin. There ^^as ^ costovertebral^®'' 

both lower extremities up to the knees and slight tenderness in t lO n ^pj,(ainc(l 

The urine on admission showed a specific gravity' of 1,026 a _ ,„„..noi''fr 


f i.ozo ,„n-.noWff 


albuminuria. It was cloudy' and contained numerous rea ^ ^ niiHi®"> ^ 

and occasional granular casts. The blood show'ed red bloor co jii per cr" ’ 

85 per cent, white blood cells 8,300, neutrophiles 80 per cent, ym - 


basophiles 1 per cent. _ ^^ 5 ^, „ml 

He was given absolute bed rest, digitalis, and '‘'® f except'®" *" 

stricted. Hi.s temperature was within normal limits ' 
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ferent days when it reached 100.4® F. rectally. Blood pressure was systolic 19G and diastolic 
160 on admission and remained elevated during his stay an the hospital. The weight on 
admission was 158 pounds; one week later, October 17, 144 pounds; October 24, 139; October 
31, 134; November 7, 131; November 14, 129. On October 11 nonprotein nitrogen of the 
blood was 100 rag. per cent, creatinine 3.0 mg. per cent. On October 15 nonproteui nitrogen 
was 50 mg. per cent, creatinine 2.3 mg. per cent, carbon dioxide combining power 53 volumes 
per cent; October 24, nonprotein nitrogen 40 mg. per cent, creatinine 1,3 mg. per cent. 

The urine was acid on October 11, had a specific gravity of 1.022, two-plus albumin, 
six red blood cells per high-power field, and an occasional granular cast. On October 14 
the urine was pale yellow, acid, had a specific gravity of 1.009, and three-plus albumin, 
white blood cells 3 to 4, no red blood cells, one to two granular and hyalin casts; October 
15, urine pale, neutral, specific gravity 1.010, two-plus albumin. He developed signs of a 
pulmonary infarct in the right lower lobe. On October 22 the signs of congestive failure 
and pulsus alternans had disappeared; urine acid, specific gravity 1.018, two-plus albumin; 
October 28, urine acid, specific gravity 1.010, albumin one plus, few red blood cells, and 
three granular casts per high-power field; October 31, urine yellow, acid, specific gravity 
1.017, Hinton and Eagle precipitation tests were negative. He was discharged on Novem- 
ber 14, 1938, as improved. 

Clinical diagnoses: Acute glomerulonephritis, cardiac dilatation, congestive lieart failure, 
and pulmonary infarct. 


Comment. — This man unquestionably had congestive heart failure. The 
clinical picture otherwise was characteristic of acute glomerulonephritis. I 
believe that the nonprotein nitrogen value of 100 mg. per cent was too high to 
be explained on the basis of congestive heart failure, although this probably 
contributed to the renal failure. The number of red blood cells was also much 
higher than the few one commonly sees in the urine due to passive congestion 
of the kidneys. I have concluded that the primary disease was acute glomerulo- 
nephritis and that the heart failure was that which is not uncommonly asso- 
ciated with acute glomerulonephritis. 

justification for including this case in this paper is that the urinary 
specific gravity on admission was 1.026 with a four-plus albuminuria and 
^P^Sestive heart failure, both of which factors raise the specific gravity 
til be noted also that the specific gravity of the urine for 

c rst week after the first specimens gradually reached the level of 1.010. 
may be argued that this was in part due to diuresis, 
that^th^ purpose in including this case in this report is to emphasize 

ere may be nitrogen retention in acute glomerulonephritis with less de- 
ease in the tubular function of concentration than one usually sees in chronic 

glomerulonephritis. 


the 


REVIEW OF LITERATURE 

is stated in commonly consulted sources®''® that the specific gravity of 
Urine in acute glomerulonephritis is normal or even high. Some of the 


gj., — uiuiiypiirius iS iiuiiiiui. ur even 

conflicting. Boyd/®’ for example, says that acute 


">ntent'* ‘^^c^cterized by a urine of high specific gravity and a low urea 
the f to me that these two statements are incompatible in view 

to a substances which is normally concentrated 

degree than any other substance in the urine. Unless glomerulo- 
■nterfer ®®cciated with a decreased formation of urea, or there is a unique 
cnee with the capacity of the kidney to concentrate urea alone, neither 
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of which is true so far as I am aware, -it would seem that it is impossiHc for 
a high specific gravity of urine to exist with a low urea content. The statcnioil 
relative to the low urea content of the urine implies eitlier specific impairmoit 
of the glomerular filtration of urea, increased tubular absorption of iina, or 
some impairment of the tubular function of eoneentratioii in general. Tk 
latter seems a more logical explanation of a low urine content of uvea. 

The statements in Best and Taylor'® also are ambiguous. Referring to ilic 
pathology of acute glomerulonephi'itis they say, “Such a severe reaction mast 
of course, if widespread, cause a high degree of renal insufficiency. Tlie fol- 
lowing are among the chief features which may appear : retention in the blood 

of non-protein nitrogenous products; edema; ; and the passage of a 

small quantity of urine with a high specific gravity.” These authors" then 
proceed to define renal insufficiency as a “ reduced capacity of the kidney to 

carry out its functions;” and include a diminished concentrating power as an 

invariable accompaniment of renal insufficiency. 

BelP” also appeal's ambiguous or inconsistent in his discussion of the con 
centrating capacity of the kidney in acute glomerulonephritis. For examp e, 
on page 497 he states, “In this publication clinical acute nephritis inen esa 
eases of acute renal disease that exhibit a definite impairment of renal 
indicated by retention of nitrogenous products, decreased ability to 
P.S.P., inability to form a concentrated urine, loss of large amounts o 
in the urine, bleeding from the parenchyma of the kidney and jj 

and anuria.” While on page 523 he says, “The total 
decreased in amount in severe eases and it is distributed 
than under normal conditions, in xvliich only about one-third o 
are active at any one time. The decrease of glomerular 
retention of metabolites. The distribution of filtrate through a j 

of tubules where it is exposed to a greater reabsorptiou ten s 
concentrated urine.” y, u st pk«' 

I offer the following criticism of this concept. ® ^ a^concontrah'^ 

includes in his definition of acute nephritis an inability to 
urine. He then proceeds to show why the severe foinis o ac^ {^sconctTl 
nephritis are able to concentrate their urine. In the secon say 

appears to be based on two assumptions which may or may no all 

rate I know of no proof that they are true. Bell appears ^oirn. 

the glomeruli in acute nephritis are open all the time an ^ constat* 

If this really were the case, it would appear logical to he rex e in 

filtration through the glomeruli rvould not allow the Uj-elr ihat d'-' 

tubules sufficiently long to concentrate it, inasmuch as i gloincr'ni®' 

greatest amount of concentration may occur in the tu u esr ^^^gidcration 
capillaries are not open. This concept also fails to ta normally 

all glomeruli and all capillaries of each glomerular tu a ’ pjbnks 
at any one time. This concept of Bell’s further assumes ‘ ^ 
ciated xvith these glomeruli are functioning norma y, i j^^jracap 3^- 

that in severe cases the glomeruli are practically u oo 
and extracapillary exudation and proliferation. 
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If the latter is so, and it is a common teaching of pathologists, it appears 
to me that it is not in'aecord with the facts to assume that the tubules of these 
nearly bloodless glomeruli can function normally -when they too are practically 
deprived of their blood supply by the glomerular pathology. This statement 
is based on the work of TIou-Jensen’* and Clara*" who have shown that at least 
97 per cent of all the arterioles of the medulla (tubules) of the kidney arise 
from the vasa efferentia. 


On the basis of the work of Alving and Van Slyke^^ who showed that con- 
centrating capacity may return many months after return of urea clearance, 
it seems logical to me to believe that the disturbed tubular function in glomer- 
ulonephritis may be due not only to a diminished blood supply from bloodless 
glomeruli, but also to a spoeifie effect of the toxic agent on the capillaries of 
the tubule itself. 

As a further example of the uidespread and firm belief that the kidney in 
acute nephritis retains its capacity to concentrate the urine well, Albright^* 
states, in the discussion of a case, that the differential diagnosis rests between 
acute and chronic nephritis ; but that decision against acute nephritis was made 
because, among other things, the patient failed to concentrate the urine above 
hOU maximum. The ease was shown at autopsy to be one of acute glomerulo- 
nephritis. 


In contradistinction to the above ease, which showed a nitrogen retention 
and a low capacity to concentrate, may be mentioned another ease from the 
same source’'® (Case 12, Table I). The onset of illness was three weeks before 
a mission, with marked edema of the extremities, genitals, and face; blood 
pressure was systolic 150 and diastolic 110; albumin and casts were present in 
e urine; nonprotein nitrogen was 38 mg. per cent, and dilution and concen- 
ja ion test was 1.002 to 1.032. The tubular function was normal and there 
as no gross evidence of glomerular failure as observed by the normal blood 
other Avords, it appears that if the capillaries of the glomeruli are 
all ^ prevent nitrogen retention, the tubules get enough blood to 

are ooneentrate the urine normally. And if the glomerular capillaries 

dist^^l damaged to cause nitrogen retention, the tubules are sufficiently 

ed fuiietionally to result in impaired concentration. 

Christian and O’HareV® statement regarding the high specific 
out Jf* in acute nephritis, their reported cases would appear to be 

their statement. The interpretation, liOAveA'er, is difficult in 
For laiow the method by which the urine Avas collected. 

‘ Oulv ^ fourteen specimens examined OA-er a three-month period. 

' Ifoiii are aboA'e specific graA'ity 1.020, and ten specimens range 

" Si'U'dtj’ 1.013 to 1.019. One specimen Avas 519 c.c, for twenty-four 

^xaiiii^ 1 ^ specific gruA'itj' of 1.015. Case 3 had nineteen urine .specimens 

' pqjq ^ period of fifty-tAvo days, AAnth a specific gravity ranging from 

' folio these Avere twenty-four-liour specimens. This patient 

1 months after this, the specific gravity A-aiying between 1.011 
5 1 months after onset of illness the specific graA'ity aa'os 1.025. 

^ tAAch’e specimens examined, Avith the specific graA’ity ranging from 
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1.008 to 1.014. Eleven moutlis after onset of illness^ the specific gravity ms 
1.019 ; forty-two months after, it was 1.028. The last two specimens were single- 
voided specimens. In the absence of specific knowledge of the method of collect- 
ing the specimens, one cannot state too definitely that the figures are evidence of 
a diminished concentration capacity of the kidneys. It may be fairly assumed 
that there was some uniformity of collection of specimens, and the trend upward 
in specific gravity, with the passage of time, may possibly be interpreted as evi- 
dence of previous impairment of concentration. 

Difficulty also arises in connection with Christian and 0 ’Hare’s cases in tlic 
matter of deciding to what extent diuresis may have been a factor in the low 
specific gravities reported. The fact, however, that Case 1 had urinary specifif 
gravities of 1.012, 1.014, and 1.015, while at the lowest recorded weight of 58.2 
kg., would indicate that diuresis was probably not the cause of the low .specific 
gravity. In Case 3, the specific gravities of 1,010 and 1.014 were also on dais 
when the lowest weight of 51.2 kg. was recorded. This fact appears to lender 
diuresis an unlikely explanation for the low specific gravity. Dimers was 
probably not the explanation of the low concentrations of the urine in w , 
as evidenced by specific gravity of 1,008 and 1.011, with the highest neioi o 

62.8 kg. on admission, which fell in eighteen days to 52.8 kg., the lowest 
tire urine, however, continued to shoiv specific gravities of 1.009, 1.01 , 
at the lowest weight recorded. 

The report of Murphy', Grill, and Moxon=“ is also difficult to 
eurately regarding the concentrating capacity of the kidney in acn e g 
nephritis. It is of suggestive importance, however, that in twenty 
became chronic cases the second specific gravity recorded in eac i cas 
four months after the first) was lower than that on the first s my 
other hand, the specific gravity in ten patients who at tlit 

observation being one to four months after tlie first, the speci c 
second examination, ivith one exception, was higher than ^ ^vhieli 
examination. It seems fair to assume some uniformity in t e mai 


the first and second urines were collected in each instance. (.apadiy 

I have been able to find but few instances in wliich gf (he coa- 

of the kidney in acute glomerulonephritis has been studie a arc 

centration tests. Most of the reports on acute glomeriilonep ni ^ 
of little value to the purposes of this article. Yet in one ^ ^ ^ ^^ggputrati® 

served four eases of acute, glomerulonephritis with inipanmen 
capacity on a relatively small medical service. ].j^„ey 

While the general sources cited indicate that the on tl"' 

to concentrate is unimpaired in acute nephritis, most of t le sp 
kidney do not agree with this viewpoint. I have found tw en ^ ^ ^ {)ie reb' 
nephritis with such impairment found b.y ten different ° ^ togediU' 

tively recent literature. These cases are summarized m u ^ 
the four additional cases described here. _ loneph”*''’ 

Addis and Oliver”' reported three cases of acute glome pehh'^’'^ 
unquestioned impairment ' of concentration (Cases 1, ‘ gucliuldl 

studied six cases of acute .glomerulonephritis from w n jjg gives ( n ‘ 

tubulhr function may also|he affected in tins stage o 
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from only one case, however (Case 4, Table I). Longcope-” studied nine cases 
of acute glomerulonephritis, but only two of these had studies directed at the 
power of the kidney to concentrate the urine; both of these showed impaired 
concentration (Cases 5 and 6). The Addis technique was observed in one of 
these and the volume of the twelve-hour night urine was found normal. The 
low specific gravity, therefore, was not due to diuresis. 

Volhard and Pahr^“ state that the concentrating capacity is impaired in 
acute glomerulonephritis as follows : ‘ ‘ The lower the specific gravity of the urine, 
with small amounts of urine, the greater the kidney damage"; and ‘‘In general, 
in the more severe forms of acute glomerulonephritis the rule is the concentrating 
capacity of the kidney suffers; and indeed the more so, the more intensively and 
extensively the glomeruli are diseased.” They give very brief summaries of two 
cases which demonstrated this feature (Cases 19 and 20 ) . 

Although Volhard states in another plaec“' that the concentrating capacity 
of the kidney was only slightly or not at all disturbed in acute glomerulone- 
phritis, the two eases which he cites had markedly impaired capacity to concen- 
trate the urine (Cases 21 and 22). 

Donath>“ has reported three patients with acute glomerulonephritis who 
showed impaired concentrating capacity of the kidney (Cases 16, 17, 18). While 
'll two patients there was very slight nitrogen retention and in one there was 
hone, all three had impaired concentration at times wlien the blood nitrogen was 
homial. There was also impairment of the capacity to dilute tlic urine. Both 
types of impairment persisted after red blood cells, easts, and albumin dis- 
hppeared. 


Holten®* studied 25 patients with acute glomerulonephritis with the Volhard- 
' *^huss concentration teclinique and the creatinine clearance test of Holten and 
ehbcrg.“ In this group tliere were four instances (Cases 12 to 15) of either 
■noderatc or severe impairment of concentration, and two other instances of 
s >ght impairment. In all instances in which elevation of blood nonprotein nitro- 
gen occurred, there was diminished capacity to form a concentrated urine. In 
hhe patient the filtration rate returned to normal before the concentration lest. 

was also shoim hy one of the patients of Alving and Van Slyke. The 
possible significance of this ivill be discussed in connection with tlie work of 
Al'-ing and Van Slyke. 

Holten’" is well aware, of cour.se, that the concentrating capacity of tiic 
h ncy may he retained in acute glomei-ulonephritis, but states further that he 
os never seen it retained in patients with serious impairment of the filtration 
0 e (below 10 c.c. per minute). He cites Volhard’s explanation for the maiii- 
onanee of the concentrating capacity' of the kidney in acute nepliritis, namely', 
ot the tulmlea are able to excrete solids to a normal extent and the glomeruli 
"'oPnable to excrete water. 

nent^'''"" Slyke’" have .shown results which are interesting and perti- 

^ " to the present paper in their comparative values of the urea clearance and 
tie tosts in Bright’s disease. In tlirce transitory cases of glomcrulo- 

. . (''cmntiiria, proteinuria, and initial edema left no doubt that each 

'ent had an acute nephritis) both urea clearance tests and concentration tests 
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were normal thronghont. Thej-- also had three eases (Cases 7, 8, 9) of acute 
glomerulonephritis which had impairment of both the urea clearance tests and 
concentration tests. Their fourth case had an original urea clearance of 12 
per cent of the average normal and a maximal concentrating capacity of 1.012. 
Three months later the clearance test had risen to SO per cent of average nonnal, 
but the concentration capacity by both the Addis-Shevky and Lashmet-Neivtatgli 
tests had risen only to from 1.019 to 1.020. Later this also returned to normal 
Their fifth case also showed a marked lag in the return to normal of concentra- 
tion capacity after the clearance had returned to normal. Three months after 
onset the urea clearance was nonnal, but the Addis test showed a maximal con- 
centration of 1.012 which later returned to normal. Their seventh case did no! 
have a return to the normal concentration capacity until five years after the 
urea clearance was normal. 

Lyttle^'^ calls attention to impaii’ment of concentration in severe cases of 
acute nephritis, but does not give any cases to demonstrate it. 

Goldring, Clarke, and Smith^® showed that at low plasma levels of pheno 
red, about 94 per cent of the dye clearance is accomplished by tubular actinty 
in the normal human kidney’. On the basis of this work Goldring and Sirot 
have studied the glomerular and tubular functions of the kidney with inuhn aw 
phenol red clearance ratios in patients with various stages of glomerulonep n b. 
In general, they’ have found in the earlier stages of the disease that t 
red-inulin clearance ratios tend to maintain the normal value, whici is a o 
3.0. They have interpreted this as suggesting that injury of ' 

tubules pi’ogress in a parallel manner. In the more advanced 
this ratio fell as low as 0.6, indicating almost complete loss of the 
tubules to excrete the dym. In a few patients observed early in t e ac ^ 
of the disease, the phenol red-innlin ratio was 210 per cent of ^ 
mal figure. In interpreting this they’ have suggested the possi 
tion of the efferent glomerular arteriole which would give a better 
to the tubules, and at the same time lower the effective filtia ion 
the glomeruli. They’ have also suggested that permeability’ o g ome 
laries may’ be reduced without ohstraeting the blood flow. 


It may’ he readily’ understood from the anatomic relationship 


COJIiUENTS , , , 

itionships of 

supply’ to the tubules, w’hich is derived from the efferent tufts 

that the tubular function of concentration may suffer wlien t le ^jjflcult to 
are so damaged as to reduce the tirea clearance to low lex e s. 
understand, however, why’ the tubular function may be imin I 

glomerular function has returned to normal. As a ^ ^ great dcg''« 

offer that the tubular capillaries in some instances are recovenu? 

at the same time the glomerular tufts are damaged, the a e 

quicldy. _ . . ffiomeniionepfi’'^*'^’ 

It is certain that tubular function is impaired in t isillustrd®® 


This is shown by the impaired capacity to concentrate further supp®''^ 

by the cases which have been summarized in Table • „lomcr«L'' 

- ^ ..-r.n QmULST lyliich indicate tlia a 


• 1(4 


by the results of Goldring and Sniitlff'^ w 
tubular damage proceed in a parallel fashion. 
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On the basis of the reports by Holten^^ and Airing and Van Slyke*" of 
eases of acute glomerulonephritis which showed a return of urea or creatinine 
clearances to normal levels long before the return of the concentrating capacity, 
I have made the suggestion that tubular function may be impaired in acute 
glomerulonephritis not only because the tubular lilood supply is disturbed in 
the diseased glomeruli, but also because the tubular capillaries themselves may 
possibly be the seat of specific pathologj’, or that specific damage to the tubular 
cells may account for it. The specific tubular capillary or cellular damage 
theorj’ gains some support in the results of Goldring and Smith which showed 
in advanced cases of nephritis the reduction of the phenol red-inulin clearance 
ratios to such low levels as 0.6. 

It may be seen from Table I that when there is sufficient glomerular damage 
in acute nephritis to cause nitrogen retention, there is sufficient tubular damage 
to interfere with the concentrating function of the kidney. I have found no ex- 
ception in the literature to this. It lias been emphasized that it is necessary to 
correct specific gravity values when the urine contains large amounts of protein. 

It is my belief that impairment of concentrating capacity of the kidney will 
be found in most of tlie severe cases of acute glomeruloncpliritis if propeiOy 
evaluated. 

SUMMARY 

The literature has been reviewed and twenty-two cases of acute glomerulo- 
nephritis vlth impaired capacity to concentrate the urine liavc been found and 
summarized in tabular form, together with four additional cases of acute glo- 
merulonephritis whicli showed impairment of this function. Certain tlicoretical 
considerations have been discussed. 


CONCLUSIONS 

It is established that the capacity of tlie Iddncy to concentrate urine in acute 
glomerulonephritis m’ay be impaired. 

^lost, if not all, cases with sufficient glomerular damage to cause Iilood nitro- 
gen retention will show impaired ability to form a concentrated urine. 

Nitrogen retention may occur in acute glomerulonephritis with less impair- 
ment of concentration than is usually observed with nitrogen retention in chronic 

glomerulonephritis, 

The necessity for making corrections in the specific gravities of urines which 
contain large amounts of protein is emphasized. 

The cause of impaired tubular function in acute glomerulonephritis is due, 
^ least in part, to the interference with tuliular blood supply produced by the 
^ nerative and exudative processes in the glomeruli. 

There is evidence that there may be a specific localized effect of the toxic 
^©ent of acute glomerulonephritis on the capillaries or cells of the tubules. 
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BLOOD CHEmSTRY DETERMINATIONS IN PERNICIOUS ANEJiIDV 


Evans AV. Pernokis, M.D., and M. R. Pbeel.vnd, Ph.D. 
Chicago, III. 


'^IIE object of this paper is to repoi-t the blood chemistry determinations on 

15 patients with pernicious anemia in a state of relapse. These were carried 
out with the hope that some .alteration in the normal constituents of the body 
metabolism might be revealed which would aid in elucidating the obscure 
nature of this disease. 

ilinot and ilurphy discovered that patients with pernicious anemia im- 
proved when given liver. Castle and his associates showed that patients with 
untreated pernicious anemia Inched in their gastric secretions an essential 
thermolabile substance termed the intrinsic factor. Sturgis and Isaacs later 
demonstrated the effectiveness of pig stomach in the treatment of pernicious 
anemia, and the similarity of this active principle to that found in normal 
human gastric juice. Both of these factors differ from the substance found in 
the liver, which is able to stimulate the bone marrow. It is assumed that the 
intrinsic factor found in the gastric juice combines with an extrinsic factor 
piesent in beef to form the active principle which is stored in the liver and is 
® c to stimulate the bone marrow to normal activity. Dakin and West have 
emonstrated a substance in liver which is probably a dipeptide of b-hydroxy- 
utamie acid and 1-y-hydroxyproline which tliey believe to he the active prin- 
ciple in the liver. It was for some time believed that the extrinsic factor Avas 
0 ■\Uamin or G, Avhich has been shown to be riboflavin. Mixtures of 
JO avin and normal gastric juice, when administered to patients with un- 
ca ea pernicious anemia, failed to elicit a reticulocyte response, and it is 
ou tful whether riboflavin is the extrinsic factor. 

^Iven though avc have a treatment for pernicious anemia, and have made 
locating the site and the nature of the active principle, there is 
iuv learned about the nature of the disease, and the active principle 

data pi’oduction. It is Avith this hope that Ave present the folloAving 

icriai determinations have been done in the laboratories of the Presby- 

^lospital of Chicago, and references to the methods used Avill be found 
‘“Iho bibliography. 

contains all the results on lipoid metabolism Ave Avere able to 
^• 0 . Y e are cognizant of the fact that Peters and Van Slyke, in the chapter 


f'n lipoids, 

anemia is 


express the opinion that increased lipoids in the various tji^es of 
merely an expression of a general reaction to loss of blood and hemo- 


» expression oi 

^cm the circulating fluid. This reaction is said to consist of an increase 

^ Medicine, : 

Presbyterian Hospital, 
for publication, June i, 1940. 


of Internal Medicine. Rush Medical College, University of Chicago. 
- ones of the Presbyterian — 
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of fat and fatty acids in the blood, and a sinmltaneous deficiency of the phos- 
pholipids and cholesterol. A summary of the results reveals the folloiring; 

1. Thirteen total lipoid determinations done on 9 patients showed values 
twice that of normal or higher. 

2. Sixteen total cholesterol determinations done on 12 patients deinoa- 
strated normal values in 6, moderately decreased in 9, and markedly decreased 
in 9. The distribution between the free and esterified form was essentially 
normal. 

3. Lipoid phosphorus and lecithins were markedly diminished in 16 de- 
terminations done on 12 patients. 

4. Of 11 fatty acid determinations done on 8 patients, 7 were much helov 
minimal values, and 4 were below normal values. 

Tabi.e I 


CASE 

NO. 

IIB. 

R.B.C. 

W.B.C. 

roTAh 

LIPIDS 

(gm. 

%) 

TOTAL 

CUOLES- 

TEBOL 

FREE 

CHOLES- 

TEROL 

CHOLES- 
TEROL ■ 
ESTERS 

LIPOID 

PHOS- 

PHORDS 

LECI- 

THIXS 

FAm: 

ACIDS 

1 

UG. per 100 c.C. 

1 

2 

3 

4 

5 

5 

G 

6 

6 

7 

7 

8 

9 

10 

11 

12 

35 

40 

40 

31 

58 

58 

55 

55 

55 

55 

55 

50 

OS 

28 

30 

40 

1.540 

1.170 

1.480 

1.117 

2.350 

2.350 

2.080 

2.080 

2.080 

1.020 

1.020 

2.320 

2.800 

1.280 

1.280 

1.800 

5.0 

3.7 

4.8 

3.0 
3.0 

3.0 

5.8 
5.8 
5.8 
5.4 
5.4 

5.0 

8.7 

3.2 

4.3 

3.8 

1.2 

1.29 

2.8 

1.89 

1.43 

1.43 

1.50 

1.50 

1.09 

1.53 

1.73 

1.53 

1.29 

158.7 

125.7 

no 

119 

201 

253 

222 

234 

205 

178 

222 

157 

174 

101 

ISO 

93 


104.4 

54.3 

66 

58 

169 

143 

94 

116 

101 

94 

95 

90 

109 

SS 

99 

50 

5.2 

3.3 

5.4 

6.3 
12.1 
11.6 

9.2 

7.4 

7.3 

(.9 

S.O 

12.7 

5.2 
14,9 

6.3 

130 

82,5. 

129 

156 
303 
289 
229 
185 
184 
211 
179 
200 
318 
205 
372 

157 

419 

338 

337 

336 

133 

142 

256 

285 

244 

103 

211 


Table II 


CASE 

NO. 

HB. 

R.B.C. 

W.B.C, 

AMINO 

ACIDS 

ca 

P 

N.P.N. 

XJKEA 

N 

URIC 

ACID 

CREAT- 

IXINE 

SUG.IR 

1 

35 

1.54 

5.0 

11.7 








2 

40 

1.17 

3.7 

10,1 








3 

40 

1.48 

4.8 

5.9 








4 

31 

1.12 

3.6 

5.7 







93 

6 

55 

2.08 

5.8 

4.8 

10 

4 

27.8 

10 

3 

Ll 


8 

56 

2.32 

5.6 


10 

3.9 

25 

11 



11-3 

9 

68 

2.80 

8.7 


8.7 

3.1 

29 


3.6 



10 

28 

1.28 

3.2 


8.4 

3.5 

44.4 

23.5 



13 

30 

0.98 

4.8 

21.5 





- 



— 



cw 


■i?j 

559 


of blood chemistry 


deter®'' 

Table II shows the results of a smaller series 
nations done on 9 patients. ^ , normal valar^ 

1. Amino acid determinations done on 6 patients^ 
in 3, slightly elevated values in 2, and a value of o > 

times normal, in one. normal 

2. Calcium and phosphorus determinations on 4 p* 
were two creatinine and three uric acid determinations. 
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3. Four nonprotein nitrogen determinations were done, 3 of wliicli ivere 
normal and one sliglitly elevated. Two urea nitrogen determinations were nor- 
mal, and the third, tlie same patient who showed the increase in tlie nonprotein 
nitrogen, showed also an increase in the urea nitrogen. 

4 . Two glucose determinations, as well as two carbon dio.vide, and three 
sodium chloride determinations were normal. 



•Normal values: 10 mm.. 55 per cent or loss. 18 mm., 35 per cent or less. 


Table III shows tlie results of 5 Rose Bengal liver function tests, 3 total 
protein and albumin and globulin determinations, and 2 sulfur determinations. 

1. The liver function tests showed dye retention in 4 of 5 deteminations. 

2. The blood protein determinations done on 3 patients were within normal 
values as was the distribution between the albumin and globulin fractions. 

3. Inorganic and ethereal sulfates of the blood were found normal in 2 
patients. 


Table IV 


— 

CASE 







NO. 

HB. 


W.B.C. 

B.M.B. 

INDEX 

TUBE 


35 

1.54 

5.0 

plus 2S 

IS 

99 

“ 

40 

1.12 

3.7 

plus 13 

15.2 

98.8 


40 

1.48 

4.8 

plus 30 

IG 

99 


31 

1.12 

3.6 

plus 21 

7 

98.8 


58 

2.35 

3.0 

0 

20 

98.2 


55 

2.08 

5.8 

plus 17 

15 

99.4 


55 

1.G2 

5.4 

plus 6 

7.1 

98.4 


50 

2,32 

5.6 

plus 12 

8 

98.2 


C8 

2.80 

8.7 

plus 15 

5.7 

98.2 



1.28 

3.2 

plus 22 

21.4 

99.4 


40 

1.20 

4.3 

plus 9 

22 

99.2 


40 

1.80 

3.8 

plus 18 

19 

98.6 

M 


0.90 

4.8 

plus 32 

33 

98.6 


45 

1.34 

3 

plus 28 

IS 

99.2 


54 

1.85 

3.8 

plus 20 

13.3 

98.2 


inV shows the basal metabolic rates of 15 patients and their icteric 

basaT^" ^smperatures are included merely to indicate that at the time the 
metabolic rates were taken patients had no significant temperature, 
th m of the 15 basal metabolic rate determinations only were normal, 
"2 T being definitely elevated. 

Ml, icteric index determinations were normal in 4 of 15 patients on 

they were done. 
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SU3IMARY 

1. Total lipoids on all determinations were increased much above normal 
values. The fatty acids were very much diminished in all the determinations, 
as were the "lecithins” and the lipoid phosphorus. Cholesterol seemed nor- 
mally distributed between the free and esterifled forms, and showed valaes 
that were normal or slightly diminished. Only one cholesterol determination 
was below 100 mg. 

2. One of 6 amino acid determinations showed a marked increase, ivMle 
the other 5 were within normal values. 

3. Calcium, phosphorus, uric acid, creatinine, sugar, chlorides, and carbon 
dioxide determinations were found normal. One nonprotein nitrogen and one 
urea nitrogen determination showed an increase above normal, 

4. Total protein, albumin, and globulin values on 3 patients were normal. 

5. Inorganic sulfates and ethereal sulfates on 2 patients were normal. 

6. Four Rose Bengal liver function tests showed dye retention, and tbi 
fifth was normal. 

7. The icteric index was increased in 73.3 per cent of the cases. 

8. The basal metabolic rate was increased in 80 per cent of the cases. 

9. One glutathione determination done on a patient who had hemogoni 
16 per cent and a red blood cell count of 0.710 showed 14.5 mg. per cent o 
reduced glutathione and none of the oxidized. The patient died two days a e 
a section of liver taken from the autopsy and extracted with sa ® 
168.7 mg', of reduced glutathione per 100 Gm. of liver. No oxidize g « 
was demonstrated in the saline liver extract. 

Note, — Blood lipoid determinations were all done ,1'’® ®*nubIi?ned.°''Th?s stud)' 
before the work of Christensen’'’ and Van Slyke ^hd f^lch was p ,„ 5 lhcid an 

lipoids In pernicious anemia is being continued in our laboratories Dj 
the modifications suggested by tlie authors mentioned. 
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LABORATORY METHODS 


QENERAL 


A SIMPLE NONTRAUMATIZING METHOD OP INDUCING 
PNEUMOCOCCIC INFECTION IN ALBINO RATS'* 


H. Louohlin, M.D., Samuei. H. Spitz, JI.D., and 
Richard H. Bennett, jVI.D., Brooklyn, N. Y. 


' WnTHiN the past few years tliere have been developed new therapeutic 
’ ’ agents for use in the treatment of pneumonia. Since there is great var- 
iability in the severity of human pneumoeoccic infections from year to year, 
' it is necessary before these sul)stanees are used clinically to determine first their 
‘ efficacy and toxicity under controlled conditions. 

Tests in vitro partially demonstrate the efficacy, but obviously give no clue 
1 as to the toxicity of these preparations. To determine their toxicity and com- 
plete effectiveness in infection, experimental animals must be used. 

It is well kno^vn that albino rats can be infected with pneumococci. In- 
■' traperitoneal inoculation and intrabronchial instillation of pneumococci are two 
procedures which have been used to infect them. The former causes a high 
incidence of infection and the dose of organisms can, witli reasonable accuracy, 
be controlled. This method, however, does not reveal tlie effectiveness of therapy 
^vhen there is pulmonary involvement. 

AVith the latter method, originated by Nungester and Jourdonais,^’ ^ and 
nsed by Gross and Cooper,^' ■* in the study of antipneumococcic drugs, in which 
pneumococci are suspended in gastric mucin, and instilled into a bronchus, infec- 
■' boa is irregular and the recovery rate of the untreated or control animals is 
/ too high to warrant accurate evaluation of the therapeutic agent. Even though 
carcfullj- performed, this procedure causes trauma which interferes with the 
interpretation of therapeutic efficacy and incidentally the pathogenesis, 

A method, therefore, is required which, w'ith a minimum of trauma, will 
■ Pi’odiiee a high incidence of pneumoeoccic infection with pulmonary involve- 
, f'ent, and a constantly high fatality rate in infected animals. With these facts 
mind, the folio-wing procedure is suggested. 

METHOD 


, ^iinnestlietized rat, weighing about 300 Gm., is fastened with rawhide 
j to a small animal board (Fig. 1) designed for this procedure. A wire 
^ttached to the undersurface of the board with a rubber band, is slipped 


the Department of Internal Medicine, Long island College of Medicine. 

was made possible by a Fellowship Grant from the LUly Research Laborato^ 
anB tw and by the Dr Frank E. West Fund, established b> Miss Elizabeth Frothlng- 
Ills Warren Memorial Fund, established hy Dr. Luther F. Warren, in memon* 

^^celved for publication, March 23, 1940. 
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over the aiiimaPs upper incisor teeth, and a strip of gauze is placed over the 
lower incisor teeth to pull the jaw open. 

A pneumococcus culture, consisting of the washings of the peritoneal cavity 
of a wdiite mouse infected with pneumococci, * is suspended in 15 c,c. of a physio- 
logic solution of sodium chloride. This is sprayed into the pharynx and nates 
of the rat means of an atomizer, the bulb being squeezed four times. This 
culture contains, as a result of the peritoneal inflammation, natural mucin in 
addition to the other components of an inflammatory exudate. 



Fig. 1. 


After preliminary treatment witJi soap and water, follove ’J guippiiig 
alcohol, blood for culture is obtained from the tail of the appearing 
off the tip with a pair of sterilized scissors. The drops of oo^ gfcgaked over 
the cut end are placed directly on a blood agar plate an 


the surface with a wire loop. 


results 

Of 131 animals thus sprayed lOT, or 81.6 per cent, became i 
tested by positive blood cultures. . culture: 

Only those animals in wdiich a growth of pneumococci^ sTanimh invariajj^ 
was obtained were considered as having been infected. ^ th ■ 

died. Although positive cultures have been obtained as twcatp 

majority of the animals developed positive cultures e ' 
four hours after spraying. 

*RI strain pneumococci -u-ere used in all experiments. 
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In the animals that died of pneiimococcic infection, patches of pneumonia, 
sometimes involving an entire lobe or multiple lobes, were noted. In the major- 
ity of these animals this patchy pneumonic process was associated with em- 
pyema and purulent pericarditis. A purulent peritonitis sometimes developed 
and, in a few, meningitis occurred. 

Wlien the rats died of any of the above conditions a growth of pneumo- 
cocci was obtained from the heart’s blood. 


DISCUSSION 

The method of infecting rats with pneumococci in which pulmonic infec- 
tion and bactcriemia were common is nontraumatic, easily and rapidly per- 
formed, and permits, when necessary, large numbers of animals to be used for 
therapeutic studies. 

Many investigators have sprayed the upper respiratory tract of animals 
attempting to produce pneumocoeeic pulmonary infections, but the results were 
generally unsatisfactory. In these cases the pneumococci used were groivn in 
artificial media. Pneiimococcic pneumonia in man is most frequently caused by 
pneumococci which have recently been in contact with a human host or carrier. 
It is knorni that oi'ganlsms recently in contact with an animal host are more 
vmilent than those grown in artificial media from eighteen to twenty-four 
hours. In order to simulate as closely as possible the conditions in human infec- 
tion, when attempting to infect rats, we have used pneumococci in mouse peri- 
toneal exudate, containing natural mucin, because this procedure appears to 
satisfy this requirement liest. Not only arc these organisms more virulent, but, 
os pointed out by Nungester and Jonrdonais,^ gastric mucin, when inoculated 
intrabroncliially with pneumococci, hinders or prevents rapid phagocytosis of 
these organisms by the leueoc.vtes of the infected animals. Such conditions 
probably exist in human infection. 


SUMMARY 

1- A simple nontraumatizing method of infecting rats with pneumococci 
been described, in whicli pneiimococcic c.xiidate from the peritoneal cavity 
of the mouse is used because of tlie increased virulence of pneumococci recently 
'R contact with an animal host and because of the natural mucin content of the 

exudate. 

2. A high incidence of infection, 81.6 per cent, was produced as manifested 
■ PR^itivc blood cultures, and at autopsy, by pnoiimonia, empyema, piinilent 
pericarditis, peritonitis, or ineningitis. 

express our appreciation to Doctors Tasker Howard, J. Hamilton Crawford, 
• 'Jiiver, and Arnold Egserth for their aid and criticism in the preparation of this paper. 
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ORAL AND NASAL SIMULTANEOUS ASPIRATORS AND THEIR HSE 

IN GASTROENTEROLOGY 


Moses Einhorn, M.D., New Y'okk, N. Y. 


T he duodenum does not play a very important ])art in the physiologj’ of 
digestion, except tliat it receives, aside from its own secretion, the com- 
bined secretions of the pancreas, liver, and biliary tract. It is here that the 
material coming from the stomach meets these various secretions. Thus the 
duodenum serves not only as a melting pot, but also as a conduit for couvcnuk 
the combined material into the jejunum and ileum where the final process oi 
digestion oecnrs. 

Due to its position investigators jnade nnmerous attempts in the past 

to intubate the duodenum, among the first of whom were Hemmcter awl K« '!'• 
The instruments they emplojmd rverc crude and impractical aud ww'o 1 
fore abandoned. 


Max Einhorn experimented for a number of years with various tips an 


which he 


buckets, and finallv, in 1909, developed the first practical apparatus w 

Since that time eminent g«stroenterolojst5j»^'^^ 


called the duodenal pump. . 

developed various types of tips, each claiming particular 
alike in principle, differing only in tlieir size, weight, and num ev o 
tions (Pig. 1). , .jjjf 

In 1938 I developed a bucketless tube,= a radical ^iTFrcnch b 

S)f 


tubes in use. The apparatus is 50 inches in length (Fig- 


nariwv aid 


diameter, and its terminal end encases an elongated lead ^pjicar- 


tapered above, but increasing in size below. Two openings, 
ance, are situated just above the dropper, % inch apart, on opposi 

tube. • ■ ■ s 

The advent of the duodenal tube enabled physiologists, chmc jf 

search workers to make a comprehensive survey and study o fell 

the stomach, liver, and pancreas. Yet, in their ^iJe stornach 

the growing need for an instx’umcnt wdiicli would intuba e w fon- . 

and duodenum, and pei'mit a simultaneous withdrawal o t icn 
tents. 

Max Einhorn^ in 1918 demonstrated an apparatus ( in- (inic. 

which the gastric and duodenal contents could be obtame , diatneffj"' 

soft rubber tube, about 12 1 


His aspirator consisted of a long soft rubber tube, aoo - cap?' 

divided into twm separate canals, one leading to a about 2a f®' 

and the other to a perforated hollow' metal ^l .anclied off 

from the end of the tube. The proximal end of the ii diwden"® 

marked H 


side tubes each provided with stopcocks, one 
the other S for stomach. 


Keceived for puWication, April 10, 1940. 
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This double aspirator was provided with markings starting from the ter- 
minal end of the tube, and was introduced in the same manner as the usual 
duodenal tube, so that while the bucket entered the duodenum, the perforated 
connector lay within the limits of the stomach, thereby allowing the duodenal 
contents to be aspirated separately through the terminal tip and tlie gastric 
contents through the perforated connector. 

For the simultaneous sampling of the gastroduodenal contents, Eehfuss 
first employed a method in which be used two separate tubes of different lengths. 
The patient first swallowed the longer tube in the usual way, and then, after 
it was ascertained that the tip had entered the duodenum, he swallowed the 
shorter tube. 



Fig. 1. — Various tips used in gastrointestinal work. 

To simplify it further, Kehfuss cmjilo.ved a second method* whereby he 
attached the capsule of the shorter tube to the wall of the longer tube (Fig. 

) at a distance of about 25 cm. from its end, so that when the distal tip was 
*R the duodenum, the proximal capsidc lay within the limits of tlie stomach. 

In 1927 Kunstler, impressed by the findings of Garbat^ and Carlson'^ that 
Rodenal feeding promotes a rise of gastric acidity, .suggested that constant 
complete neutralization of gastric acidity in duodenal feedings could he 
pOmplislied by administering an alkaline solution by means of the continuous 
P method. He designed for that purpose a special double tube.’ This con- 
cd of an ordinary tube (Fig. 3C) to whose wall was vulcanized at a point 
fe bucket a shorter tube, smaller in caliber and open at its end 

t* f ^^Innce of 70 cm., tliiis leaving the remaining 20 cm. free. His idea of 
I I ^^**1 "**'05 to administer two-hour duodenal feedings through the longer 
ti'- ?’'*'''’'I''ced a weakly alkaline solution for the full twenty-four hours 
^ Th'^'^**' luethod through the shorter tube. 

"hich ■ Beyliss and Starling® discovered the substance secretin 

>s formed when the acid contents of the stomach pass into the duodenum. 


"hich 


>n turn, stimulates the production of pancreatic secretion and its enzymes. 
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This work has been confirmed in its major aspects by most physiologists and 
Jienee, secretin has been the substance used when a substantial increase in the 
volume of the pancreatic secretion was desired. 



Pig. 2. — Einhorn’s bucketless lead weighted gastroduodenal tube. 





C KUN5TLEH 1927 


IZS3-® 


D AGRCN & LACeRLOF 




diamond 


p-Duoknuia 
5 -Stomach 


Ct MOSFS IINHORN 19AO 

Fig. 3. — ^Various simultaneous gastroduodenal aspirators. 

The Swedish investigators, Agren and Lagerlof,® made an jnil 

of pancreatic secretion in man after intravenous administration ot 
designed a special double tube for that purpose (Fig. ^ jj;. 

consisted of two tubes free for the first 20 cm. and fused toget ler 
tance of 70 cm. The duodenal side, ivhicli extended for a jts last 

and had a capsule at its end, featured seven oval-shaped jjs sicic’- 

S to 10 cm. of tubing. The gastric tube had five to six shea*'' 

The whole of this 70 cm. of fused tubing was encased in a t nn ^yQ^eiial 
to facilitate sivallowing. , In order to accelerate the ° jn length 

tube into the duodenum, they tied to its end a fine silk coi , 


EINHORN: ORAL AND NASAL SIMULTANEOUS ASPIRATORS 


1187 


to whicli was attached a lead ball 8 mm. in diameter. Tlic tube was swallowed 
in the usual way, and when the tip entered the duodenum, the openings of the 
gastric tube remained in the stomach area. 

In tliis country, Diamond^® recently made extensive studies on the use of 
secretin as a clinical test of pancreatic function and used a specially designed 
gastroduodenal tube. His apparatus permitted the separate collection of gastric 
and duodenal contents by preventing the admixture of the two secretions, thus 
assuring the collection of pure duodenal juice (Pig 3P). 



P1&. 4. — Einhorn’s double channel esophageal lavage tube. 


In my article on “The Treatment of Cardiospasm,”^^ I described a double 
iweii tube (Pig. 4) for esophageal lavage. Its basic principle is the same as 
which has for some time been used in colonic irrigation and "which has 
subsequently been adopted by Miller and Abbott for intestinal intubation. The 
u e is 28 Preneh in diameter, 30 inches in length, and is bisected into two dis- 
canals. One of the canals terminates at a point four inches short of the 
'Pi while the remainder of its lumen is filled with solid rubber. Immediately 
" "'c this solid portion the -walls feature a few tvide openings. The second 
"Pal extends to the very end of the tube and has at its terminal end a few oval 
perforations. 

in occurred to me that by combining the main features incorporated 

Sim 1 double lumen esophageal tube, I would have a very 

P 0 and efficient either oral or nasal simultaneous gastroduodenal aspirator 
IP'S- 3G, j/). 

dia tube* (Pig. 5F) is 50 inches in length, 16 and 18 French in 

_ — ^or, semisoft in consistenes', flexible, and of good resiliency. Its lumen 

•Made bj- Olay-Aclams Co. 
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is equally divided into two channels (Fig. 5A), semilunar in shape. Its ter- ; 
minal end, 1 inch in length, encases an elongated drop-shaped lead sinker (Fig. ^ 
5Ga), narrow and tapered above, but increasing in size at the hottom, this i 
portion including the sinker with its layer of rubber being 150 grains in TOgkt, ■ 
1 inch in length, and 27 French in diameter at the bottom, the top being of the ' 
same size as the tube. The duodenal side of the double channel extends dora 
to the top of the sinker and has three oval openings slotted in appearance and 
% inch apart. The small space between the sinker and the lower opening is 
filled with rubber. The gastric side of this double channel ends at a point 
about 7 inches above the sinker; the remainder of its lumen is filled with lead 
shot (Fig. 5Gb). Immediately above the lead-filled portion, there are three 
openings, oval in shape and % inch apart. 



•NASAL OT5.AL ^ 

Pis. 5. — ^Einhorn’s nasal and oral simultaneous gastioduode 


The nasal tube (Fig. 5C) is designed in the like tip 

, . J m a catlietei' 


except that it is 16 French in diameter and terminates inches. 

(Fig. 5Dti), which is made of solid impregnated lead ruiier oi^ is placed 
For the oral tube the markings are as follows : the oiie jips 

17 inches from the end of the tube, and represents the is from 

to the cardia; the txvo-ring mark, at 28 inches, represents le 5 inches 

lips to the pylorus; and the three-ring mark, at 33 ^jj'^ and 1^'*^ 

of the terminal end of the tube to enter the duodenum 
a space of 3 inches from the lower opening of the gas 11 c c ^ inches, 

In the case of the nasal tube the one-ring maik .w pisi"'*^ 


two-ring mark at 30 inches, and the three-ring^ - always deien" 

stood, however, that the physician’s rely entire')’ 


mant 

„,art at 36)4 ’ i 


determine 


stood, however, tiiat the pliysician s 

amount of tubing for each individual and he shon 


markings. 
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The special double channel connector (Fig. 5B) consists of two narrow 
‘metal tubes soldered together in the middle, branching off distally into two 
distinct separate canals, each of which is cemented into its proximal opening 
' of the tube to render it airtight. Proximally, the connector bifurcates into two 
"channels, one representing the gastric outlet and the other the duodenal. 

ADVANTAGES 

Oral Tube. — 1. The tube is simple in construction and no fusion of tubes 

• is necessary, thereby facilitating swallowing. 

2. The fear the patient usually experiences that the metal bucket may be- 
'come detached is eliminated, as the lead dropper is encased in the tube. 

3. Swallowing of the tube is accelerated because of the weight of the 
dropper, which is sufficient to permit its passage through the esophagus wdth 
no discomfort to the patient. 

4. The tube maintains its intended 00111*86 along the stomach pathway be- 
_ cause of the lead-shot compartment and the weight and proper arrangement 

of the lead sinker, which keeps it in its proper place in its progi’css to the 

• pyloric opening. 

|| 5. Due to the special distribution of the weight of the sinker, which anchors 

the tube securely in the duodenum, tliere is no likelihood of regurgitation of 
^ the bucket from the duodenum into the stomach, as is usually the case with other 
' tips. 

, 6. No discomfort is encountered at the glottis upon removal of the tube, 

■ because of its tapered shape and gradual decrease in size at the neck. 

I ^ L There is no need for silver- or gold-plating the metal bucket to avoid 
j impairment of the mucous membrane, since the sinker is encased in rubber. 

I 8.^ The openings of the tuho have rubber margins, thereby eliminating the 
posjsibility of cutting tlic mucous membrane upon suction, as is usually the 
metal buckets. 

A'nsrtZ Tuhe.—l. The inch solid rubber catheter-shaped tip at the 
terminal end facilitates the introduction and passage of the tube through the 
Hares. 

‘ 2. The weight of the lead-impregnated rubber tip and the lead-shot com- 

partment facilitates the passage of the tube through the esophagus, maintains 
,« I, proper position alone: the stomach pathwav, and aids its entrance into 
; tbe duodenum. 

'■ th ^ possibility of the lower part of the tube regurgitating into 

'■ tile f weight of the solid lead-impregnated rubber portion and 

; 'ad-sliot compartment keeps it securely in the duodenum. 

' TECHNIQUE 

J jji Intubation. — The patient reports on an em])ty stomach and is placed 

'• to position on a chair or in bed, and is instructed to protrude his 
0 groove. The operator seizes the terminal lead sinker, pre- 
t '^ot"'een the thnmh and forefinger, and places it on the 

f' "idc of the tongue. The patient is instructed to open liis mouth 

' ‘"'d say “Ah.” The operator then inserts the sinker far enough into the 
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mouth luider the uvula and instructs him to close his mouth and concentrate 
on the act of swallowing. The tube, due to its lead weight, m\\ he carried dmvn 
slowly through the esophagus. 

As soon as the tube lias reached the first-ring mark, the patient is placed in 
a reclining position on the right side, with the right leg and knee stretcW 
straight and the left leg and knee flexed, overlapping the right. 

The patient is instructed to swallow the tube very slowlj’’, an inch at a 
time, over a period of twenty to twenty-five minutes, until the third-ring mark 
is reached, so that the terminal end will enter the duodenum. 

After the patient has swallowed a few inches of the tubing while lying 
on the right side, it is a good practice to inject a small amount of lukewarm 
water through the gastric canal in order to relax the pyloric opening and stim- 
ulate the peristaltic action of the stomach, thereby facilitating and accelerating 


the entrance of the terminal portion of the tube into the duodenum. 

Upon completion of the examination, the operator withdraws the fimt s«en 
inches of the tube wdiile the patient is in a recumbent position, and the ha uucc 
of the tube while the patient is in the upright position. 

In case no bile is obtained, the operator should withdraw the tube ''P ^ 
point midway between the first- and second-ring marks and then instruc 
patient to s-wallow it again. . . , 

Nctml Intubation . — The terminal end of the tube, which has 
dipped in glycerin, is introduced through the nose for a distance o sb ^ 
and the patient is then asked to simulate the act of swallowing, w n e 
tor pushes the tube which wrill be carried dowm slowly in the esop moU 

of its lead-weight compartment. _ tlierisM 

As soon as the fii'st-ring mark is reached, the patient is tuine 
side and the same procedure is follorved as in oral intubation. 

Tests for Determining the Entrance of the Terminal Tw ^yo^eiuim 
denum. — 1. It is possible to determine the entrance of the tip ° Biethod i> 
with the aid of fluoroscopic and x-ray examinations. line practictt 

undoubtedly reliable, I believe that it should not be use m jnanip"'^' 

since in the course of removal of the patient to the x-iaj room even 

tion, the terminal portion of the tube ma 3 '' easity slip bac v in o 
writh the lead-weighted tip. . and rent- 

2. Bj’' observing the characteristic differences in spec'®® 

tion of both specimens obtained from the two outlets. i^^^ ^-liereas th'^ 

will be viscid, golden ymllo-w in color, and negative to Congo 

gastric specimen will be clearer, perhaps bile-tin " !ther colored sohdi^'; 

3. If, after injecting a mixture of barium oi ^ terniH’' 

into the duodenal outlet, no return is obtained on t e t,as 

tip has entered the duodenum. 


tomaeh 

Medical. — 1. For obtaining a simultaneous specimen f ^ 

duodenum. .nntents of siibstanee-' i 

2. For determining the effect on the duoden 
duced into the stomach and vice versa. 
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3. In peptic ulcer cases M'lierc duodenal feeding and iutermittent or con- 
tinuous neutralization by drip method is desired. 

4. In cases of gastric atony, nervous dyspepsias, or any form of vomiting 
\There duodenal gavage and gastric drainage are indicated. 

5. In biliary drainage. 

6. In cases where esophageal or gastric continuous lavage is required. 
Surgical. — 1. In preoperativc and postoperative gastrointestinal and ab- 
dominal surgery, where simultaneous and continuous gastrointestinal drainage^- 
is wanted. 

2. In cases where tubal feeding and drainage arc required. 

3. In cases of gastroenterostomy. 

I wish to express my gratituile to Mr. L. T. Hlllbom, president of the Clay-Aclams Co., 
for his kind cooperation in the Uevolopmont of the tubo.s 
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A STUDENT SPHYGMOSCOPE* 


Ai-rick B. Hertzmax, Ph.D., St. Louis, IMo. 


' I 

T he desirability of providing the student with laboratory experience | 
the type of sphygmomanometer devised by Erlanger led us some years i 
to modify the sphygmoscope developed by Erlanger and MeeD so that ] 
vantage could be taken of appai'atus available in the student equipment. 


To 

ATmeuff 



Fig, 1. — The student sphygmoscope. 

The sphygmoscope shown in Pig. 1 has been in use for J as ti 
a minimum of servicing by the mechanic. It is essentia } '6 

of Erlanger and Meek, excepting for the arrangement of tire 
parts are metal. Brass tubing is used instead of glass. of 

surrounding tlie inner tube may be quickly made from j^ges the 

thickness by cementing overlapping edges. The contiol capili 

pensive compound stopcock in the Erlanger sphygmonis”®™®^^ 
glass or metal stopcock placed on a side arm in the connec 
provides a leak which may be easily adjusted so that it pw 
against slow large changes in the volume of the outei c ^ a siii 

scope, but does not interfere with the recording of 1 e (),p .« 

needle point valve may be soldei-ed on the cup of the tarn ^ p, 
purpose. The sphygmoscope and control valve ^ storage, 

all dimensions are 8 by 4% by ‘iy% inches, permi mg jigp^e- 
Operation of Control Valve.— Three positions are avai 

(1) Exhaust position (shoum). 3 . A/iaffleP" 

scope are in connection with the outside through exi s g,.jn , 

in the central outlet of the cock prevents tlm gus jegafiiig the*'''®' 

from disturbing the tambour. This position is rise jjggieter of 

when using the intermittent escapement metlio . ^ 

' ^rom the Department of Physiologj-. St. Douis UniverMtJ Sc 
Received for publication, April 13, 1940- 
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Fiff. 3. — Sections from optical lecord. A, Auscultatory systolic pressme (double signal) at 128 mm. Hg. B, Cuff pressure 110 mm. Hg. 

cultatory diastolic pressure (double signal) at 93 mm. Hg. 
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made small enough so that the deflation is readily controlled. (2) Intake posi- 
tion. Exit 1 is in line with the scratch mark IN. Exit 2 is in connection willi 
the outer chamber of the sphygmoscope and so prevents the large volume changes 
here during inflation of the arm cuff from affecting the tambour. (3) Operat- 
ing position. Exit 1 is in line with the scratch mark OP. All exits are closed 
in this position. The oscillations of the sphygmoscope are now transmitted to 
the tambour. This position is used when the method of continuous escapement 
is emplosmd, the tambour leak being adjusted in proportion to the rate oi fall 
in arm cuff pressure which is controlled by the air escape valve on the cult, 
The method of intermittent escapement may also be used with this position. 
This position is also used when one -wishes to record continuously variations 
in arterial pressure. The sphygmoscope is very useful for student experiments 
of the latter type. 

Criteria of Systolic and Diastolic Pressures tVith Sphygmoscope.— 
can be studied by the student by arranging to record arm cuff pressures with a 
recording manometer, and signaling auscultatory systolic and diastolic entena 
while the sphygmoscope oscillations are being recorded. A typical paformanct 
using a Marey tambour (Harvard Apparatus Co.) is illustrated in Fig- 3. T 6 
systolic sign, as pointed out by Erlanger, seems to be “the first clear increase 
in the spread of the limbs at the base of the pulse wave.” The diastolic cn cna 
of Erlanger are less apparent. Many records have shown that a flattenmo in 
the cataerotie portion of the pulse curve disappears at pressures -vei-j 'V 
at which the Korotkow sounds become dull and muffled. This ^ . jj 
shown in the optical records of Fig. 3. The wave is complete j 
throughout the pulse cycle at lower pressures. This relationship ® 
regular. The flattening may disappear eitlier slightly above oi sic 3 
the pressure at which muffling occurs. 
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DEXTROSE YEAST EXTRACT MEDIUM FOR THE ISOLATION OF 
FUNGI PROM SPUTUM* 

Diran Yegun, D.V.M., and Josepei M. Kurung 
Ray Brook, N. Y. 


i CABOURAUD’S medium with a pH of 5.5 is in general use for tlie isolation 
' of fungi from the sputum ; however, it inhibits only to a limited degree the 
growth of bacteria commonly found in the sputum when incubated at a tempera- 
ture of 37° C. One or more transplants may he retiuired before the fungus 
is finally recovered in pure culture. The growth of the bacteria may be further 
; inhibited by gently swabbing the surface of the medium with a tenth-normal 
■ solution of hydrochloric acid previous to the implantation of the sputum. The 
application of the acid to the medium docs not interfere with the growth of 
fungi. The foregoing observation suggested the advisability of materially in- 
creasing the acidity of Sabouraud’s medium for the recovery of fungi from the 
sputum. 

. A series of e.Ypcriments disclosed that the optimal pH for the growth of 
fungi and the prevention of bacterial growth is 4.0. In order to bring Sabou- 
' raud’s medium to this pH, it is necessary to modify in ])art the standard method 
' of preparation as follows : 


, Dissolve the peptone and agar in distilled water by heating in the auto- 
clave for fifteen minutes at 15 pounds pro.ssure. Add a sufficient amount of 
an aqueous solution of 20 per cent dextrose to bring the dextrose content of tlie 
^edium to 4 per cent. Under sterile conditions, and wliile tlie medium is still 
m the liquid state, adjust to tlie desired pH. The medium can be poured imme- 
diately or allowed to solidify in the container for future use. 

The adjustment of Sahouraud’s medium to a pH of 4.0 in tlie manner here 
tecribed requires detailed attention and considerable time. Moreover, Sab- 


euraud’s medium is not kept in stock in m.-iny laboratories and consequently 
ja not always available to the physician. Tliese objections are overcome by the 
ollowing simple liquid medium : 


Dextrose 
Sodium chloride 
Yeast extract (Difeo) 
Distilled water to mahe 
'Axljust to pll 4.0 


8.0 Gm. 
1.7 Gm. 
0.5 Gm. 
200 c.c. 


e above medium should not be diluted when determining the pH, since it is 
to only a slight extent if at all, and the addition of water would de- 
ease the hydrogen-ion content. 

tl'c experiments here outlined indicate the relative value of Sabouraud’s 
pH values of 5.5 and 4.0, and dcxtrosc-yeast-extract medium with 


^’ork State Hospital for Incipient Pulmonarj* Tuberculosis, 
vea for publication, April 5. 1940. 
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a pH of 4.0 in the recovery of fungi from the sputum. In a few inslancts ! 
fungi present in the sputum, for example, tiie Penicillium, grow better at room ^ 
temperature tiian at 37° C. It is advisable, therefore, as a routine procedure, i 
to grow the cultures at botli these temperatures. 



A. 


p. 




• t s * 

T?ig. 2. — Pure culture in liquid media witl> pH 4.0. A, Aspet 

Fifty specimens of tuberenlous sputa were implanted on 


strf. p'l" *£, 


A purulent portion from each specimen of sputum ^ „j,d obser''^ 
three media. The implanted medium was incubate a 
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daily for a period of ten days. Sixteen of the fifty specimens of sputa yielded 
cultures of Monilia on each of the three media. In no instance on Sabouraud’s 
medium with a pH of 5.5 were the colonies of ^lonilia found in pure culture; 
but numerous colonies of bacteria were present on all fifty plates. The number 
of bacterial colonies was £?reatly reduced on Sabouraud’s medium with a pH 
of 4.0, and nine of the sixteen specimens gave pure cultures of jMonilia. Sputum 
implanted in fifty tubes of dextrose-ycast-extract medium gave no bacterial 
growth as determined by cultures on nutrient agar plates, and the illonilia was 
recovered in pure culture from sixteen tubes. 

Cultures of various fungi {Cocddioidcs immitis, Aspergillus fumigatus, 
Aspergillus niger, Oidium, Jilonilia albicans, Gcotriehum, Ciyptococcus, Torula, 
Streptotlirix, Actinomyces, and Sporotriclmm) were intimately mixed with 
sputa from tuberculous patients and implanted on Sabouraud’s medium with 
pH values of 5.5 and 4.0, and on dcxtrose-yeast-extract medium with a pH of 
4.0. Colonies of each of the above-mentioned fungi were found on all three 
media. However, many bacterial colonies were present on all the plates on 
Sabouraud’s medium with a pH of 5.5. The bacterial colonies were decidedly 
fewer in number on the Sabouraud’s plates with a pH of 4.0, while on the 
de.xtrose-yeast-extract medium with a pH of 4.0, no bacterial growth was demon- 
strated. The above experiments indicate that the liiiuid dextrose-yeast-extract 
inedium with a pH of 4.0 is superior to the solid Sabouraud’s medium for the 
isolation of fungi from the sputum. 

The dextroso-yeast-extract medium here described is composed of a few 
siiTipIe ingredients, is easily prepared, and affords a ready means for the re- 
coveiy of fungi from the sputum. 


AN EFFICIENT DISSECTING AND OPERATING TABLE*^ 


]Max L. Sweat, Logan, Utah 


^HERE is need for an efficient dissecting and operating table. The one built 
i'y us has particular advantages over those now on the market. Its ad- 
'^antages are; (1) The mechanical construction throughout is of utmost sim- 
P icity. (2) The whole mechanism is of metal. (3) The tabic top can be in- 
stantly adjusted to any plane -slightly short of vertical. (4) The stand may 
adjusted for height. (5) The tabic may be used for either dissecting or 
opeiating. (6) The animal to be dissected can be rigidly fastened to the tabic 
in only a few seconds, and once in position the natural tension of its limbs pre- 
■'ents any loosening of the hold. (71 Both the stand and the table top can be 

stenfeed. 

IVhen dis.secting, the hooks arc inserted directly into the animal’s legs; 
•Jiul wlien operating, they arc inserted into adhesive tape wrapped around the 
'wr part of the legs, Several mechanical devices for holding the legs of 
without harming them were investigated, but the adhesive tape was 

From the Department of Bacterioloej- and Biochemistry, Utah State Agricultural College, 
^ceivecl for publication, April 22. 1940. 
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found the most practical. It neither harms the animal nor requires tedious 
adjusting, and is easily removed after the operation by means of ether. 



I 




Fig. 1- 


description 

1 Table Top. This is made of 18 gauge stainless ^ I'unnin? 

is remtorced with % inch 30- i”Xs is 

the bottom 1 inoli from the edges. Tlie size 10 b) jiniciisW® " . 

pigs, rats, and smaller animals. Heavier 

quired for tables to accommodate large anima . 
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even a small mouse may he fastened to a large table, but unless work on many size 
animals is to be done it is advisable to make the table near the size of the 
animal to be used. Around the edges of the table are V-shaped grooves %c 
inch deep and 1 inch apart. Tliese serve to hold the bead chain in tension 
against the animal. Fig. 1 shows the retractor’s, hooks, and chains in position on 
the table top. 



2. Ball and Socket. The ball is fastened to a rod welded on the bottom of 
ta])]Q split socket is fastened to the inner stand tube. The ball 

loo, enables the tipping of the table in any direction. This is done by 

osoning or tightening the adiusting screw. A two inch ball and socket serves 

"•'''foratabloofthissize. 

‘S'crcH's. Tlic screws are simplj’ t)ireaded % inch metal rods 
' liatidles. Just above the threads a projection is welded to keep the rod 
Being past its threads in the first lug which is slightly larger than the rod 





1200 


THE JOURNAL OF LABORATORY AND CLINICAL 31EDICIXE 


and contains no threads. This lug is soldered on the right of either the slit of 
the socket or outer stand tube. The second lug, Avhich is soldered on the lefi 
of the split, has threads of the same size as the rod. By turning the rod, tie 
distance betAveen the welded projection and the second lug is shortened, thus 
decreasing the size of the socket or outer tube as the case may be. 

4. Stand Tubes. These are two; the inner, 1%6 inches; the outer, I',-; 
inches in diameter. Both are 2 feet long. Ordinary chromium-plated l)raA< 
plumbing tubing serves Avell. Bj’’ loosening and tightening the adjusting sere», 
the inner tube may be raised or loAvered to the desired height. 

5. Base. This is made of two pieces of east iron. The smaller, 2 by 4 h} 4 
inches, is fastened by^ holts to the larger, 2 by 10 by 10 inches. Tlie stand tub 
is welded to the base. 

6. Hootis. These are made from ordinary No. 6 bait fishhooks hi mi, 
off the prongs and bending the ejms to right angles, and are then fastenc to 
the chains. 

7. Retractors. They may be made from 22 gauge stainless steel, tnoj are 
used in the same manner as ordinary dissecting retractors. 

8. Bead chain. This is the ordinary^ head or ball chain used on hgh s 

sink stoppers, and key chains. i iv er the heads 

It Avill he noticed there is no device on this apparatus foi m , j. 

of animals. The hooks may he used for this if the animal is to le ’ 
to be operated on, a Avide piece of adhesive tape AA’ith a hole 
point of incision in the animal’s head may he Avrapped entne j ar 
and hooks may he inserted in the tape. 

I Avish to acknowledge the helpful advice and fiiendb criticism 


SOME IMPROVED METHODS FOR STAINING VAGINAL 


George N. Papanicolaou, M.D., Ph.D., Neav Aokk, i 


scries 


A bout three years ago Mrs. Dorothy Puller, Avho Atas a ^ ^ 

Avith Dr. Florence Sabin at the Rockefeller Institn e, 
of Amginal smears for examination. These smears Aveie s am ,„(,tliod 

AA'ith one of Foot’s modifications of Masson’s trichrome me 
AAms briefly as folloAvs : HematoA.viin in 

Iron alum solution in oven 45° to 50° C. minutes. ^ ® fncii^'n ^ ^ 

live minutes. Picric acid five to ten minutes. AVash. Ponceau nice’ 

minutes. (Fuller used a solution of equal parts of ' gij five minnU^- 

1 per cent acetic acid.) Einse in distilled water. ^ater. 

in distilled water. Light green five minutes. Einse in is i 


lu ..... + -n liaPam. 

minntes. Einse in tap water, alcohols, and xylol. Alount i 


aood differentii''’'”' 


Smears stained by this method shoAA'ed a A’eiy 
the cornified cells. A double coloration of these ce s Wi 


tiie Department of Anatomy, Cornell Uni\ei^it5 


ity Medical Co"‘'Se.^yen,s of 


•From uie rjeparmieni oi v....---- T,p.,earch 

study has been aided by the Committee fo 




Tills . 

tional Research Council. 

Received for publication, October 11. 1940. 
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were pink, some were orange, and olliers took on intermediate sliades. Further 
experimentation was, liowcvcr, necessary for evaluating the meaning and the 
importance of this differential staining of the cornified cells. 

Unfortunately, the foregoing method was too long and complicated to he 
adopted as a standard method for staining vaginal smears. Another disadvan- 
tage was its failure to secure a differential staining of the mucous cells, which 
arc eliaraetcristic of the early estrous stage in some lower mammals, more 
particularly in the guinea pig. This disadvantage would not, however, apply 
to human vaginal smears or to smears of such animals in which the mucous 
cell type is absent. 

The cosin-watcr blue staining method which I suggc.sted in 1933^ permits a 
good differentiation between the basal cells which arc stained blue, the mucous 
cells which are stained purple, and the cornified cells which are stained with var- 
ious shades of cosin red. This method consists in treating vaginal smears, pre- 
viously stained in hematoxylin, with a 0.5 per cent aqueous solution of eosin 
(Grubler) for four minutes and then, after rinsing in water, in a 0.5 per cent 
aqueous solution of water blue (Gritbler) for about one minute. Shortening of 
the treatment with water blue would tend to intensify the staining of the corni- 
fied elements. 

This staining method, though relatively short and simple, could be further 
simplified through a combination of eosin and water blue. The following 
mixture gives satisfactory results*: 1.25 6m. of cosin (Grubler), 0.5 Gm. of 
water blue (Gritbler), 2 Gm. of phosphomolybdic acid, and 350 e.o. of distilled 
water. An increase in the amount of cosin would result in sharper staining 
of the cornified cells.t 

Since it was found tliat a satisfactory combination of cosin and water 
blue could be achieved through the acidification of the mixture, an increase in 
the color range of the cornified cells was attempted by the addition of orange 
f*. acid fuchsin, and some other stains. By modifying tlio percentages of 
the various stains and by adding the proper amount of acid, various shades 
ef orange, pink, and red were obtained. Aniline blue, light green, and other 
stains were substituted for water blue. Tlie coloration of the noncornifled 
'dls could thus be changed. 

After long experimentation with over 400 combinations of various im- 
ported and domestic stains, a number of satisfactory preparations were 
eevcloped, sgn,;, ■:yhich arc described here. These preparations offer an 
advantage in that tliey can be modified to .some extent for the purpose of 
0 1 aining suitable differentiation of one or another cell type. 

While this work was in progress, Shorr’’ ‘ deseribed two staining methods 
or raginal smears, based on a more recent modification of the Masson tri- 
' rorae method by Foot.' Tlie two methods suggested by Shorr arc very 
fj^^etory for human smears and are eon.siderahly sliortcr tlian the method 


This st^ln is also satisfactory as a 
TA corre.snnnflin™ 


general tissue stain. 


FoV iXV " eosin, 300 c.c. of a 0..'» per cent aqueous solution; pno.'jpiiomoiyDaic acm. i.bo 
f«lsed. the staining of the cornified cells, the relative amount of cosIn should be 
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used by Fuller. The second of the two methods^ takes about six minutes after 
staining udth hematoxylin, but it requires the following steps: (1) oneniimite 
in 1 per cent Biebrieh scarlet and 0.4 per cent orange 6; (2) rinsing iinrater; 

(3) one minute in equal parts of phosphotungstic and phosphomolybdic acids; 

(4) rinsing in water; (5) two minutes in 0.25 per cent fast green FCF; (6i 
one minute in 1 per cent acetic acid. With the coimterstains described licreia 
the staining takes about tivo minutes and consists of only one step. 


A. Solutions made of partlj- 

I. Stain DA 15. 

Light green F S 
Orange G 

Acid fuclisin 
Eosin 3 'ellowish 

Acid phosphomolybdic 

II. Stain CY IS. 

Wasserblau GB extra 
Orange G 

Acid fuchsin 
Eosin j-ellon-ish 

Acid pliosphoniolybdic 

III. Stain DF 11. 

Aniline blue, water soluble 
Orange G 

Acid fuchsin 
Eosin yellowish 

Acid phosphomolybdic 

B. Solutions made of domestic 

IV. Stain DA 19. 

Light green SF yellowish 

Orange G 

Acid fuchsin 

Eosin yellon-ish 

Acid phosphomolj'bdic 

V. Stain DF 20. 

Aniline blue, water soluble 

Orange G 

Acid fuchsin 

Eosin j’ellowish 

Acid phosphomoh’bdic 

VI. Stain DF 32. 

Aniline blue, water soluble 

Orange G 

Acid fuchsin 

Eosin j-ellowish 

Pliosphotungstic acid 
Phosphomolj’bdic acid 


imported and partly domestic stains. 


Griibler 

0.5% Solution 

Griibler 

0.5% Solution 

Grubler 

0.5% Solution 

National Aniline and 
Chemical Co. 

Merck 

0.5% Solution 

Grubler 

0.5% Solution 

Grubler 

0.5% Solution 

Grubler 

0.5% Solution 

National Aniline and 
Chemical Co. 

Merck 

0.5% Solution 

Griibler 

Grubler 

Grubler 

National Aniline and 
Chemical Co. 

Merck 

0.5% Solution 
0.5% Solution 
0.5% Solution 
0.5% Solution 

stains. 


National Aniline and 

0.5% Solution 

Chemical Co. 

National Aniline and 

0.5% Solution 

Chemical Co. 

National Aniline and 

0.5% Solution 

Chemical Co. 

National Aniline and 

0.5% Solution 

Chemical Co. 

Alerck 


National Aniline and 

0.5% Solution 

Chemical Co. 

National Aniline and 

0.5% Solution 

Chemical Co. 

National Aniline and 

0.5% Solution 

Chemical Co. 

National Aniline and 

0.5% Solution 

Chemical Co. 

Merck 


National Aniline and 

0.5% Solution 

Chemical Co. 

National Aniline and 

0.5% Solution 

Chemical Co. 

National Aniline and 

0.5% Solution 

Chemical Co. 

Nattonal Aniline and 

0.5% Solution 

Chemical Co. 

Merck 

Merck 



20 c.c. 
20 C.C. 
20 cx. 
10 c.c. 

0.15 Ga. 


10 c.c. 

25 c.c. 
25 c.c. 

CO c.c. 

0.75 Gn. 


12 C.C. 
25 c.c. 
25 C.C. 
60 C.C. 

0,6 Gffi. 


12 c.c. 

24 M- 

20 c.c. 

10 C.C. 
0.15 Gn. 

]6.5 t.t- 

25 C.C. 

25 C.C. 

CO c.c. 

0.7 Gn- 

12 c.c. 

25 c.c. 

21 c.c. 

12 c.c. 

0-”:^ fit 
022j 
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The solutions I to VI are more appropriate for staining human vaginal 
smears. For lower mammals or rodents, an increase in the percentage of the 
blue or green basophilic stain secures a better differentiation of the basal cells. 

The complete staining procedure is as follows : 

1. Smears are fixed immediately (before drying) in equal parts of 95 
per cent alcohol and ether* (original method of Stockard and Papanicolaou‘S). 
Rinse in 70 per cent and 50 per cent alcohols and in distilled water. 

2. Ehrlich’s hematoxylin, one to two minutes (other hematoxylin prep- 
arations may be used).t Rinse in distilled water. Rinse a few times in one 
per cent hydrochloric acid (may be omitted). Keep in running water about 
five minutes or in lithium carbonate (3 drops of a concentrated aqueous solu- 
tion in 100 c.c.) for one minute. Subsequent staining may be affected if slides 
are left too long in running ■water. 

3. Rinse in distilled water. Stain in one of the counterstains (I to VI) 
for two minutes. (Staining for five minntc.s or even longer is advised when 
smears arc thick.) Rinse in water. 

4. Rinse in dio.xane ten to fifteen times until vsniears are clear. Rinse in 
absolute alcohol and xylol. Mount in clarite, Canada balsam, or gum dammar. 

The use of dioxane instead of ascending alcoliols for dehydration shortens 
the staining process and improves the differential staining in human smears 
is less desirable for smears of rodents, since it modifies the staining reaction 
of the mucous cells. 

The staining time may be considerably shortened by the omission of the 
hematoxylin. Slides are stained as follows: 

1. Fix smears in alcohol-ether solution for from one to two minutes. 
Rinse well in 70 per cent and 50 per cent alcohols, and in distilled water. 

2. Stain in DP 50| or in one of the other countcrstain.s (I to VI) for 
tivo to three minutes. (Staining for five minutes or even longer is advised 
when smears are thick.) Rinse in water. 


3. Rinse in dioxane until clear, then in absolute alcohol, xylol, and clarite. 
Nuclei are stained red, erythrocytes orange, cornified cells red, pink, or 
and basophile cells green or blue. The nuclei are not as dark and the 
cell outlines are not as sharp as with hematoxylin, but the cornified cells are 
^ore prominent and the basal cells are more transparent. 


a prompt examination of a smear is desired for diagnostic purposes 
method is of particular advantage, for it requires only about three 


to fixation may be obtained within one to two minutes, though a fixation of from five 

Itept in depending on the thickness of the smear, is more desirably Slides may be 

than a xJL®, for several hours or even days without being harmed. luxation for more 

. niay, however, chan.ge the staining reactions of some of the cells. 

fMd resffi* ^ehiatoxylln prepared with domestic hematoxylin and ammonium alum gives ver5* 

AnllmriV' *"*0 (particularly adapted to staining without hematoxylin). 

Orant-e r soluble National Aniline and Chemical Co. 0.5% Solution 10 c.c. 

Ada '/uch«in National Aniline and Chemical Co. 0.5% Solution 17 c c. 

yptilTi i. National Aniline and Chemical Co. 0.5% Solution 23 c.c. 

t'hoWonlftU.Kl' National Aniline and Chemical Co. 0 5% Solution 41 c.c. 

S;igS: 
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to foiii’ minutes. It was developed in cooperation with Dr. Ralph C. Bcnsn. 
of the Department of Gynecology, Cornell iiledieal College, irlio finds il espceialh 
suitable for preliminary examinations at the Woman’s Clinic of the New York 
Hospital. 


The method can he further simplified by the use of dropping iwKte 
instead of staining jars. The stain is poured over the smear, as in bacteriolow 
staining. The use of dropping bottles prevents evaporation or dilution o: 
the stain and makes its periodic replacement unnecessaiy. In washing the 
slides, fluids should be poured on the reverse side so as not to wasli off thf 
smear. 


The differential staining of the cornified cells is of value in interjiidifl? 
human vaginal smears in both normal and pathologic cases. Totally corniStd 
cells, like the so-called eosinophilic cells of rodents, show a strong affinit.r 
to the orange color. The term “eosinophilic” thus appears to he inappropriate 
for specifying these cells. The term “acidophilic” or “orangeophilic 
be more accurate. Cells of this type are found in the human vagina took 
frequently during premenstruum or during pregnancy .- 

In the normal cycle the oi’ange sliades tend to predominate hnin. thf 
second half of the cycle. Some local irritations or infections, 
certain pathologic conditions associated with bleeding are chaiacterize . 
prevalence of pink or red shades. The cornified cells, which 
in large numbers after a Trichomonas infection, show a j 

shades. A similar preference is shown by the cornified cells n ne > 
prolonged estrogenic treatment. Drying of the cells modifies t lem 
reactions. For tliis reason, dry smears cannot he satisfacton j s 
the afore-mentioned methods. Most dry cells take an orange partial!.'' 

This may often be a source of error in evaluating smears uhici w 
dried up prior to fixation. 

The general adoption of a standard staining method foi 
was advocated by Schneider." This ivonld undoubtedly rcsu tin 
description of irnginal smear findings by various workers m e 
be, hoAvever, difficult to reach a general agreement on the supe 
one of the staining methods which harm been tluis far pioposj ||,p othe'^’’ 
one of these methods will probably offer some specific pg .shortof*?' 

The DF 50 stain without hematoxylin may be reeommen ® ^ 

but it does not stain nuclei as Avell as hematoxylin. This, jt 

tage, may be of real advantage in the study of certain gjjnd 

the leucocytes in the background and makes the epit le eslrogf"’'' 

more distinctly. It may be used profitably in the e\ a u diirin? 

or other endocrine treatments, and of cellular changes ^pier 

various phases of the sex cycle. For gynecologic diagnos le '"'f' 

like DP 32, DF 20, or CY’ 18 after hematoxylin, woul 


they jvould bring out more cytologic details. 


„pW 




•The usefulness of the vaginal smear method of 

gated in cooperation with Dr. Herbert F. Traut of the Depmi 
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CHEMICAL 


THE SOLUTION AND DIAZOTIZATION OP BILIRUBLN IN 
CHLOROFORM AND OTHER. ORGANIC SOLVENTS* 


Roger S. Hubbard, Ph.D., axd Normax Heilbrux, il.D., Buffalo, N. Y. 


A S PART of a study of bilirubin extracted from serum by chloroform, as de- 
k scribed in a recent note,’ an attempt was made to study the diazo rtae- 
tion of the bilirubin in such extracts. Difficulty was encountered in obtainm? 
colors comparable with those of the various permanent standards Mich have 
been recommended from time to time,-'* even when various buffer systems to 
insure the correct hydrogen-ion concentration were used. Attention was, there- 
fore, turired to the use of standai'ds prepared from bilirubin dissolved in chloto 
form, as originally recommended bj' van den Bergh.- The bilinibin us » 
these experimentst was not easily completely' soluble in chloroform.^ 
the aid of heat, the strongest solutions that could be prepared containe a 
10 mg. of bilirubin per 100 e.c. Solutions with concentrations 
were used by' van den Bergh in standardizing the method when ^ 

scribed^ and have been more recently' employed hy Malloy and 
photoelectric modification of the technique. By the use of heat, 
tabling 40 to 50 mg. per 100 c.c. could be prepared-t The long ^otnpourd 
sometimes found necessary seemed inadvisable when working ’ (jonfain- 
such as bilirubin, and we wished, if possible, to prepare stock so id'ou^ 
ing even biglier concenti-ations of bilirubin than this. Bilhu 
solvents, both inoi'ganic and organic, were quite unstable. It was^ jolyfifin? oi 
that if phenol were added to various organic solvents, very 
bilirubin could be prepared, and that the stability of such an'i 

light was much greater than in the pure solvents. This increase 
stability were demonstrated in solutions in clilorofonn, sy one, 
methyl and ethyl alcohol. . dissolved iu ° 

blost of the experimental work was done upon plicnp! 

mixture of chloroform and phenol, made hy dissolving 10 du- 

100 c.c. of chloroform. This solution, prepared freshly he ore 

•From the Buffalo General Hospital and the University o£ Centw' Ho-V- 

This work was aided by a grant from the Junior Board o 
Keceived for publication, Xovember 1. 1940. obtained fre™ 

tPor the g^reater part of this work a preparation of hi >m ' crrA*'-]]' 

Kodak Co., was used. soluOon of 

lln a recent technical bulletin” the use f Jl'Anons for nrlcWUU’'';’ r':'- 

ing 50^ nig. of bilirubin in 100 c.c. is recommended. Xo In We 

given. The reference furnished is to a paper of cc' of chloroiPiy^ niilo' • 

Itendard used contained 10 mg. of bilirubin dissolved in 100 y,!-- ni- - 

found any other reference to tlie use of chloroform solution^ 

1200 
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solve the bilirubin used to give concentrations as high as 400 mg. per 100 c.e. 
without the aid of beat; for the most part the stock solution used contained 
250 mg. per 100 c.c. 

The problem of diazotizing suclx solutions was next investigated. In the 
first experiments the chloroform solution was diluted with methyl alcohol, ethyl 
alcohol, or acetone until a homogeneous mixture with the water diazo reagent 
of Thannhauser and Andersen' was obtained. When high concentrations of 
bilirubin were present, this method was satisfactory, but the amounts contained 

■ in chloroform extracts of serum gave colors ■which were so faint that quantitative 
measurement of them was difficult or impossible. Various attempts to obtain 
suitable colors with diazo reagents soluble in ethyl alcohol were unsuccessful, 
but finally a fairly satisfactory reagent was found. This solution was prepared 
as follows: 0.1 Gm. of sulfanilic acid was dissolved in 2 c.c. of concentrated 
hydrochloric acid and 4 c.c. of water. To obtain a satisfactory solution the mix- 
ture was heated upon a boiling water bath, and the small lumps of the acid w'ere 
mashed with a glass rod. The concentrated acid solution w'as cooled and made 

' up to 100 c.c. with absolute methyl alcohol. The ])reparation is a saturated 

■ solution of sulfanilic acid; some crystals separate on standing. The solution cor- 
- responds to solution A of van den Bergh. Solution B was prepared by dis- 
' solving 0.5 Gm. of sodium nitrite in 100 c.c. of methyl alcohol. Fifteen minutes 

before use 0.3 c.c. of solution B was added to 10 c.c. of solution A, Immediately 
' before use one volume of tlie mixture was diluted with an equal volume of 
.‘■absolute methyl alcohol. The amount of water present in this solution is only 
' slightly less than that which will cause a separation of water when added to 
(■ chloroform, xylene, or benzene, and this renders the use of absolute alcohol in 
■! Preparing the reagent necessary. 


The diazo reaction was studied xipon dilutions of the strong bilirubin solu- 
bon already deseriljed. These dilutions were made with pure chloroform. The 
Mmiqiie used for developing the color was as follows: To 2 c.c. of the chloro- 
Ofm solutions 1 c.c. of the diluted mixed diazo reagent was added and the 
^ utioiis were mLxed. After fifteen minutes the colors were read in a micro- 
0 orimeter. To ensure the presence of a maximum degree of acidity, and so 
1 c.c. of a strong (80 Gm. to 100 c.e.) solution of tri- 
' rti T^*^^**^ methyl alcohol was usually added just before tlie reading was 

^ As far as coxild be determined, however, this precaution was not neees- 
■ ^ lu the bilirubin solutions used as standards or in the chloroform blood 
racts^ for soluble buffer compounds were not present in concentrations great 
Jiough to affect the color. If fairly large amounts of a suitable buffer, such as 
^ ionium acetate, were present, the color, which was normally a purple, had 
arked reddish tint, and this source of error could be avoided or greatly 
'^^ned by the addition of trichloracetic acid after diazotization. 

^ to 0 could be successfully applied to solutions containing from 25 

^ soliiti bilimbin per 100 c.e. of chloroform, i.e., in dilutions of the stock 

I the from 1 :10 to 1 :300. "When higher concentrations were present, 

, obtained was too dark to be read in the colorimeter, and weaker solu- 

8a\e colors which were too faint to be measured accurately. Within the 
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range given the relationship between the color obtained and tlie amount ci ; 
bilirubin present Avas linear, i.e., each solution read coiTectly wlicn matc-y i 
against those containing twice or one-half as much bilirubin. i 

Since the stock solution contained phenol, it was necessary lo invcstigal? 1 


tlie development of color when phenol solutions in eliloroform were diazotiifd 


by the technique described. When such solutions contained 10 per cent oi 
phenol, a greenish tint der'eloped slowly^. When 5 per cent or less phenol Kas 
present, no color could be observed when the method was carried out, nor conll 
any measurable effect upon the weakest solutions of bilirubin studied he du- 
tinguished. Since the maximum phenol concentration hi any of tlie solutio.;' 
used was 1 per cent, there could hai'e been no significant effect of phenol up® 


the results reported. 

Although the actual amounts of phenol m the diazotized mixtvues could 
have measurably affected the color’s obtained, it seemed possible that some re. 
tion might occur hetiveen phenol and the bilirubin in the stock so ution 
would affect the color obtained upon diazotization. To exclude sue i a 
of error, chloroform dilutions of the stock solution ivere made )0 i soon . 
it had been freshly prepared and after it had been kept foi mon j 

box. These were diazotized simultaneously with solutions o 1 1™ ' ^ c,f 
in various ways. These control standards included very w ^ wenared li.r 
bilirubin in pure cold chloroform, stronger chloroform W ,on- 

the aid of heat, and solutions prepared by dissolving In nu m n 
taining minimum amounts of alkali. In the last instance 
described above could not be used. These solutions | .j 
and the chloroform-phenol solution was diluted Avith a co o u iji^annhaiisn 
Avas miscible Avith AA'ater and the Avater-soluble diazo leagen of 

and Andersen could be used. Precautions Avere taken solutici'-’ 

equal concentrations of Avater, alcohol, and chloroform m e 
finally^ studied. No qualitative or quantitatiA'C differences ’ 
by the reaction conld be detected Avhen bilirubin in these 

stock containing phenol Avere compared Avith bilirubin prei 


Avay^s. , (jifferent 

It seemed desirable to determine As^hether the colors ^a 
rubin preparations on diazotization AA-ere strictly Kodak Co. 

Many^ different lots of bilirubin obtained from the as ^ gppgjmen 
identical results AAdien treated by^ the technique out ine . ponsistene.'’ 
rubin from the Wilson Co., which had a someAvlrat cli « 
that used in most of the study, and one imported ^ qsche A- C- *■ 
rubin Homberg, ’ ’ manufactured by' Chemisebe rar jjijboth. al"® 
Somburg according to the directions of von as 

colors AA’hich Avere the same qualitathmly and quan r a . 
from the bilirubin purchased from the Eastman o a deteriorate a" ’’I 
The length of time during Avhich the stairdar^ !tock\sol«t''”^ 
ordinary working conditions Avas investigated. kept i*; 

rapidlj' in direct cmlight, bnt even in clear f to df 

..LrvTii oK' months AA'hen exnosed daily for Iaao _ ^ cupboard ot 


for about sLx months Avhen exposed daily for ^ j a 
li-ht and artificial light in the laboratory if placea 
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Avhcn not in use. A slight darkening of the initial light yellow tint took place, 
but the intensity of the color obtained upon treatment with diazo reagents 
remained unaltered. This finding was confirmed repeatedly with stock solutions 
of various concentrations. The test used was to compare the color obtained 
from the old bilirubin standard with that given by one weighed and dissolved 
immediately before use. 

Besides these e.Kpcrimcnts with chloroform solutions of bilirul)in, the diazo 
reaction described was carried out in various other solvents. In aqueous prep- 
arations the method was not satisfactoiw, but in various organic solvents only 
minor difficulties were encountered. AVhen the stock solution of bilirubin in 
chloroform and phenol was diluted Avith benzene, xylene, acetone, ether, or 
carbon tetrachloride, the results were practically identical with those obtained 
when chloroform was used. Tlic colors were not qualitatively the same in all 
the solvents, but in each solvent the colors were alike and were strictly propor- 
tional to the amount of bilirubin present. The lowest concentration which gave 
a visible color varied somewhat in the different experiments. With acetone, for 
example, the color given by a concentration of 0.04 mg. per 100 c.c.- could just 
be distinguished, while benzene gave a slight color in solutions one-half as con- 
centrated. All llie solvents were fairly satisfactory wlien the concentration of 
bilirubin was 25 mg. per 100 c.o., although in some instances, notably benzene 
and carbon tetrachloride, the color given by sucli concentrations was very intense. 

Hesults Avith absolute ethyl, methyl and butyl alcohol Avere less satisfaetorjL 
Precipitation took place in the higher concentrations Avith tlie first tAvo soh'ents 
named, and in tlie butyl alcohol .solution the bilirubin shoAvod a marked 
tendency to separate on tlie gla-s.s of the container. In tlie range in which 
bilirubin was soluble the diazotizalion Avas satisfactory. The lou’est visible 
color when dilutions Avcrc made with butyl alcohol Avas 0.08 mg. per 100 e.c. 

c methyl alcohol diazo reagent possessed no advantage over reagents pi'e- 
pJired in Avater Avhen the bilirubin was dissoh'cd in solvents easily miscible Avith 
I'ater. 


Certain experiments Avere carried out on the diazotization of bilirubin 
*^^tracted by chloroform. Bilirubin AA'as dissolved in Avater containing a mini- 
amount of alkali and the pigment was extracted Avith chloroform after 
* dying with hydrochloric and acetic acids. When an aliquot of such extracts 
1'^ diazotized as described, tlic recovery ranged from 95 to 100 per cent of 
e theoretical A'alues. Solutions prepai’cd by diluting tlie stock solution in 
Ofotomi and phenol Avere used as standards in these experiments. 

Freshly prepared solutions of bilirubin in alkali Avere added to serum. 
^ ^'^idifying and extracting with chloroform, the extract Avas diazotized 
escribed. The recoA'erj- ranged from 90 to 95 per cent of the amount 
normal human serum Avas acidified and extracted Avith chloro- 
umount recovered gave colors in some instances Avhich corresponded 
lliosc expected if the senim had contained O.Oo mg. of bili- 
1^0 c.c. Approximate measurements of the yellow color, of such an 
"^^Ibod of Soffer^ indicated the presence of a higher concentra- 
^ of bilirubin than did the diazo color. The results suggested that yellow 
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pigments which Avex’e soluble in chloroform and were not diazotizcd nete 
present in serum. No indication of the presence of a chloroform-soluH.; 
diazotizable compound other than bilirubin was obtained. When serum fioa 
patients wdth a marked degree of jaundice was extracted with chlorofonn. 
identical results Avere obtained, Avithin the limits of accuracy of the mcthoil^, 
by' the diazo technique and by' measurement of the y'ellon' color. 


SUMMARY 


Solutions containing as much as 400 mg. of bilirubin per 100 c.c. ean k 
prepared by' dissolving the pigment in a solution of clilorofrom contaming 
10 per cent phenol. Solutions of bilirubin in organic sob'ents containing 
phenol are more stable than in pure organic soh'ents. Phenol, unless present 
in high concentrations, has no effect upon the color given by bilirubin treated 
AA'ith diazo reagents. Diazotization of bilirubin dissolved in various organic 
solvents can be successfully' accomplished hy' the use of a diazotizing solution 
prepared in methy'l alcohol. 
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THE FOKMOL-GEL REACTION^ 


Description of a Modified SIethod for Quantitative Estimation of Serum 
Globulin in Hypergi.obulinemia /And a Critical Analysis of the Reaction 


Fernando Biguria, JiLD., and Sawyer Poster, jM.D. 
Boston, jMass. 


introduction 

^HE forinol-f^cl reaction, first described hy Gate and Papacostas/ is a test 
^ for hypcrglobulincmia regardless of the cause It is performed by adding 
2 drops of approximately 40 per cent formaldciiyde solution to 1.0 c.c. of blood 
serum. Either solid gclification (Gat6-Papaeostas test), or an increase in opacity 
(Napier's test)^'' occurs in a “positive” reaction after a period of twenty-four 
hours' standing at room tcmperatui'e. For a thorough treatment of the develop- 
ment of this test and its modifications, the work of Bing® is recommended, 

^Vise and Gutman*’ studied the formol-gcl reaction in 113 sera with simul- 
taneous chemical determinations of the several protein fractions. According to 
their criteria, a test was considered positive when it showed either an tneredse 
iJi viscosit}/ from 1 + to 4+, as measured by a cliange from oily flow to a solid 
Sel, or an increase in opacity from 1+ to 4,+ as measured by a change from faint 
haziness to complete opacity. Almost invariably a positive reaction occurred 
when the globulin level was 4.0 per cent or above, and a negative reaction oc- 
curred at globulin levels below 3.4 per cent. Sera containing 3.4 to 4.0 per cent 
globulin, however, did not give a positive test consistently. 

De Vries^'^ disregarded the opacity type of reaction and studied 28 sera 
which showed solid gelification. He concluded that the reaction was usually 
uegative when the globulin level was below 3 C per cent, and positive when 
obove 3.7 per cent. He also noted that when sera \vere diluted with isotonic 
saline below globulin levels of 3.6 per cent gelification no longer took place. ^ 

The role of albumin in the formol-gel reaction has been discussed by various 
^rnrhers,®’^® the consensus of opinion being that albumin plays a minimal part, 
any, in the reaction. The most conclusive studies are those of Napier, who 
showed hy precipitation reaction and dialysis that the formol-gel test is specific 
for globulin, and that albumin has no influence. 

In the present study the viscosity of formaldehyde-treated sera was meas- 
ured and correlated with gelification (maximum viscosity change) and with 
the concentration of serum globulin. A modification of the formol-gel reaction 
is described for the quantitative estimation of serum globulin in hyperglob- 
^Jbnemia. In addition, observations were made on the relation of opacity to 
con tent of serum globulin. 

Tnent and Third (Tufts) Medical Services, Boston City Hospital, and the Depart- 

‘ Tufts College Medical School. . , c , , 

Aided by a grant from the Charlton Research FUnd, Tufts College Medical Schoo , 
ecelved for publication, August 26, 1940. 
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3.1ETHODS 


Serum was obtained from samples of venous Wood allowed to eht, tk 
samples being taken during the fasting state. The albumin-globulin .separalfei 
was performed by a modification of Howe’s method, “ employing 22.5 percent 
sodium sulfate at 37.5° C. All niti-ogen determinations were made by tbetnienv 
Kjeldahl method.’^ 


Samples of serum containing an elevated concentration of globulin were 
diluted progressively with saline and allowed to stand at room tempDratme fe 
twenty-four hours. These mixtures showed progressive decrease in tlie apparent 
viscosity from gelification to unaltered viscosity. At one dilution of tk for- 
maldehyde-treated serum the air bubbles introduced by shaking tlie tube did not 
rise to the surface but remained stationary. Since this phenomenon appeand 
consistently and was readily detected, it was ai'bitrarily chosen as the end point 
[“stationary bubble” end point). Repeated observations revealed that thecon- 
centration of serum globulin which correlated witli this end point was 3.1 Gm. 
per cent. It was also noted that when air bubbles rose very slowly in a mbturc, 
the globulin level was between 2.9 and 3.1 Gm. per cent. 

The modified formal-gel reaction Avas performed by introducing scnim into 
test tubes of 8 mm. bore in tlie following amounts : 1.0 e.c., 0.96 c.c., 0-92 c-f- 
etc., diminishing the quantity of serum in eacli subserjiient tulie b) • 
Enough saline was added to each tube to make the contents up to 1.0 
mixing, 2 drops of approximately 40 per cent formaldcliyde solubou 
Avere added. The tubes Avere tightly stoppered, slmken, and allouc 
laboratory temperature for tAA'enty-fonr hours. The tube demonstra 
above-mentioned “stationary bubble” end point Avas tlien seicetc ’ 
globulin content, in grams per 100 e.e. of serum, Avas calculated )> tw 
formula : 


Grams per cent globulin 


O -1 
0.1 


the tube 


Avbere y equals the fraction of 1.0 e.c. of serum present in 
showing the end point. . ^ 

Example: If the “stationary bubble” end point 
the tube containing O.SO c.c. of serum, the calculated gio 
3 1 

centration == — ^ — — 3.87 Gm. per cent. 

1 fter t\von(y-k”’’ 

Tlie opacity of formaldehyde-treated sera Avas compared a 
hours Avith corresponding untreated samples. The degree o 
Avas read according to the criteria of AVise and Gutiiam. 

Direct observations of the viscosity (relative to Avatcr 
sera, treated as in the modified formoi-gel reaction, were gimdai’ 

the rate of Aoav in an OstAA'ald pipette^® at a temperatiue 
observations Avere made also on corresponding dilutions o n» * 

RESULT.? 

fllC 

1. Direct Viscosity Studies on Horse Sera. Pig- f ^ 
measurements of viscosity made on three liorse sera.* The ap nr?' 

•Horse serum was used becau.se of its hlsrli concentration of plo 
amounts of serum are required for the Ostwald pipette. 
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content of the various mixtures was ealculatecl from the formula using the 
“stationary bubble” end point. The mixture at this end point was too viscid 
to flow through the Ostwald pipette. The highest concentration of globulin in 
which the viscosity could be measured corresponded to a calculated value of 2.85 
6m. per cent. Analysis of the viscosity curve of the formaldehyde-treated sera 
shows that as the globulin content increased from 0.0 to 2.5 Gm. per cent, the 
viscosity rose slowly from 1.0 to 6.5; as the globulin content increased from 
2.5 to 2.85 Gm. per cent, there was a remarkable rise in viscosity from 6.5 to 
21.8. On the other hand, analysis of the viscosity of corresponding dilutions 
of untreated sera showed that as the globulin increased from 0.0 to 2.85 Gm. 
per cent, the viscosity rose only from 1.0 to 1.7. 



1. Direct measurements of viscosity on three horse sera twenty-tour hours after the addi- 


tion of formaldehyde. 


1 stationaiy bubble” end point apparently corresponded to a definite 

not measurable viscosity value, since diluted samples in which the viscosity 
" he measured followed a constant type of curve, 
and ^ of Gm Modified Fonnol-Gel Reaction . — Eighteen human sera 

one horse serum (Table I) showing the “stationary hnbhle” end point (or 
^^jXiges close to the end point) were studied using the modified formol-gel reac- 
"M r^‘' of the formula it was possible to calculate the apparent 

content of 13 of tiie.se sera. In the other 6 sera in which the end point 
(.w ir^ ol'toined, the globulin was estimated to he 2.9 or 3.0 Qm. per cent 
tion The globulin values obtained by the modified formol-gel reac- 

, . nompaved with those obtained by the Howe metliod. The differences 
O-Ol to 0.57 Gm. per cent, with an average of 0.22 Gm. per.icent 

all ea.se.s. 
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Table I 






FORMOL- 





HOWE METHOD-MICRO- 






KJELDAHL 

GEL RE- 

DIFFER- 

DAYS BE- 


CASE 




ACTION 

ENCE IN 

TWEEN 

CLINICAL DIACNOSU 

NO. 

TOTAL 

SERUM 

SERUM 

SERUM 

GLOBULIN 

DETERMI- 


PROTEIN 

ALBUMIN 

GLOBULIN 

GLOBULIN 

(GM. %) 

NATIONS 



(GM. %) 

(GM. %) 

(GM. %) 

(GM. %) 



1 

5.53 

2.02 

■kIriIH 


-0.01 


Alcoholic cirrhosis, ssciter 

0 

8.11 

4.70 





Rheumatic heart (iiscas: 

3 

6.98 

3.49 


3.7 


o 

Gonococcus arthritis 

3a 

7.31 

3.38 


3.7 




4 

7.00 

3.62 

3.38 

3.7 

-10.32 

4 

Gonococcus arthritis 

4a 

7.37 


4.12 


Kwh 



5 

5.73 


3.88 

3.9 



Alcoholic cirrhosis, aHi!« 

6 

5.83 

2.42 

3.41 

3.1 

-0.31 

7 

Carcinoma of prostate ait 

6a 

5.50 

2.39 

3.11 

3.0 

-0.11 


metastasis, ascites 

7 

6.54 

2.57 

3.97 

3.9 

-0.07 



8 

7.27 

4.07 

3.20 

2.9 

-0.30 

5 

Catarrlial jaundice 

Sa 

6.91 

3.96 

2.95 

3.0 

+0.05 



9 

6.02 

2.55 

3.47 

2.9 

-0.57 

5 

Generalizet^ ■ 

9a 

5.63 

2.49 

3.14 

3.0 

-0.14 


beriberi lieart ^ 

10 

6.23 

3.59 

2.64 

3.0 

+0.36 


Riieumatic heart ili.+sA 








11 

6.57 

3.63 

2.94 


+0.16 


Rheumatic heart uaf--'-, 



pericarditis 

12 

13 

6.22 

7.33 

2.50 

3.98 

3.72 

3.35 

IB 

-0.22 

+0.55 

4 

Normal liorse ^ . 

Syphilis, cirrhosis, pK' 

13a 

7.40 

3.92 

3.4S 

3.7 

+0.22 


dice 


a Represents determinations repeated on the same patient. 


Table II 


CASE NO. 


2 

3 

4 

5 

6 

6a 

7 

S 

Sa 

9 

10 

10a 

11 

12 


HOWE METHOD — MIORO-KJELDAHL 


TOTAL 
PROTEIN 
(GM. %) 


6.83 

7.53 

6.31 

6.52 

7.15 
0.2S 
6.75 
G.OS 

3.44 

3.13 

4.2S 

6.50 

6.68 

6.50 

6.16 


SERUM 
ALBUJIIN 
(GM. %) 


3.99 

4.66 

4.01 

3.93 

4.72 

3.96 

4.45 

3.24 

1.44 

1.33 

1.86 

5.05 

4.49 

4.75 

4.52 


SERUM 
GLOBULIN 
(GM. %) 


2.84 

2.87 

2.29 
2.59 
2.46 
2.32 

2.30 
2.84 

2.00 

1.80 

2.42 

1.45 

2.19 

1.75 

1.64 


formol- 

GEL 

reaction 


OPACITY 
RANGE 
(1+ to 4+) 


+ + 

+ 4 + 
+ 
+ 

+ + 
+ + 
+ 

+ + 

+ + 
+ + 
+ + 


DAYS 

BETWEEN 

deter- 

.MINATIONS 


19 


CUNIC.\tm.W«f'5 


Carcinoma < 
metastasis 
Blieuinatie 
iCoronaij- 
Multiple 

Coronary tlir^-- 
, Diabetes meliiO*- 

, Normal Imrse aS*! f- 
blceciing .• jj. 

N'eplirotic sfM 


Intercapiilj'rr 
nephritis 
Normal 


•Opacity readings were difficult in Cases S and 9, 
a Represents determinations repeated on the same patient 





In tins series the modified formol-gel reaction was nsec ^ 
globulin in hyperglobnlinemia, ivith an average difference _ 

globulin compared to values obtained by the Howe inetbo 
to that of the Howe method itself. 


is 
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3. Relation of Opacity to IlijpergJohnUncmia . — Fifteen sera (Table II) 
were studied which did not show the “stationaiy bubble” end point, but did 
show various degrees of opacity after the usual procedure with formaldehyde. 
By the Howe method the globulin content of these sera ranged from normal 
values to moderate elevations. Each of these sera showed some degree of 
opacity (1+ to 3+) which apparently bore no constant relation to its globulin 
content. 

It may, therefore, be concluded that since opacity changes in formaldehyde- 
treated specimens arc present in sera obtained from individuals with normal 
globulin values, opacity cannot be regarded as a reliable index of hyperglob- 
uHnemia. 

PISCUSSION 


A modified formol-gcl reaction is described for estimating the globulin 
content of sera in hyperglobulincmia. This method has a decided advantage 
over the standard formol-gel reaction which can only be used as a qualitative 
indication of hyperglobulincmia. 

The “stationary bubble” end point used in this modified technique has been 
standardized against the Howe method for globulin determination. Howe’s 
method, however, has definite limitations inasmuch as the usual salting-out pro- 
cedures produce incomplete separation of the albumin and globulin fractions.^^- ” 
The method devised by Tisclius^® precludes tins source of error. Hence, its use 
in the standardization of the “stationary bubble” end point should result in 
further accuracy of the modified formol-gcl reaction. 

The close relationship between the degi’cc of viscosity and the calculated 
globulin content strongly suggests that viscosity measurements may be used for 
estimation of globulin. 


the gratefully acknowledge the a9.«?lstance we have received from on 

Memorial Laboratory: Miss Margaret A Adams, for me chemical sWdi^ ^ 
Miss Constance Brooks, for the viscosity cxpcrimenls • and 
waiter, and r, H. L. Taylor, for their interest and valuable suggestions and criticisms. 
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METHOD FOR THE QUANTITATIVE ESTIMATION OP ACETONE 
AND ACETOACETIC ACID IN UKINE® 


Preliminary Report 


Lorraine F. Noyes, B.S., East Providence, R. I. 


T hough a number of methods for the quantitative detennination of ketone 
bodies have been developed,**' most of them are too time-eonsuniiiig and 
laborious to justify their routine use in the average clinical iaboratorr. - 
definite need exists for a simple quantitative method of deternnninpi<’d«!i<^‘'”’‘ 
acetoacetic acid with ketoses due to diet or disease. To meet partiall) 
for a quantitative method for measuring ketone bodies in patients loccivwr 
ketogenie diets, Osterberg and Helmholz® modified a qualitatiie me o' _ 
acetone and acetoacetic acid which allows a roughly 
beta-hydroxybutyric acid. The present report describes a metho 
titative in its range, requiring no distillation or time-consummg 
procedure, and for which the reagents are I'eadily available, t 'as 
successfully in the laboratory of the Emma Pendleton Bradley earn 
a jmar. 

theoretical basis ^ 

This method is based on the Baeyer and Drewsen pgtasiiis 

Acetone and ortho-nitrobenzaldehyde, in the presence of so pro- 

hydroxide, condense to give indigo. As an early means foi j^y f,v- 

duction of indigo this reaction was found to be nearly may h 

traeting the indigo produced with chloroform, the aciii 

adapted to the quantitative estimation of acetone an 
acetone when these are present to a pathologic degree in uune. 


Eeaction; 


H + CH, 
G 


-CO— CH, 


hc/Nc/ 


CHO 


HC 


^\no. 


C 
H 

O-Nitrobenzaldehyde 
+ Acetone 


H (OH) (H) 

^ .in— CH— CO— cHj 

HC/ Ac/ 


HC 


-H— OH 


y"\No, 

H 


n 

c ch=gM 

:! niokc^ 

I c -2cn.coo” 

Y 

H 




HC 


•From the Emma Pendleton Bradler Home. East PioM'denc 
Keceived for publication, August 2, 1940. 
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^ H 
H 

Indigo 


/‘’\cA,ch 

H C 


AVhile the reaction is quantitative wlien large amounts of acetone and 
ortho-iiitrobenzaldchyde are present, it is not quantitative when only small 
amounts of acetone are present. However, the amount of indigo formed is 
proportionate to the acetone present and to the time of standing. Natural stand- 
ards must be used, made up at the same time as the unknown, and from acetone 
solutions of low concentration. Indigo is onlj' slightly soluble in chloroform, 
so that care must be taken when large amounts of indigo are formed that the dye 
IS completely extracted. Several extractions may lie necessary when acetone and 
acetoacetic acid are present in large quantities. 

Too great an excess of ortho-nitrobenzaldehydc or alkali or both will cause 
secondary reactions, .so that the chloroform extract will be greenish and useless 
for comparison. The solution of indigo in chloroform remains stable for several 
houns and, if the concentration of indigo i.s not too great, for several days. 
Acetaldehyde and pyruvic acid also condense with ortho-nitrobeiizaldehyde to 
pve indigo. However, acetaldehyde is never jircscnt in urine, and as the method 
IS only useful in the pathologic range, the amount of pyruvic acid present at any 
time is so small that the error thus introduced is negligible. Other substances 
present in normal or pathologic urines have not interfered with the reaction 
cither by reacting with the reagents or by i)rcvcnting the reaction. A review of 
the literature and practical experience indicate Hint the condensation Ls specific 
for acetone, acetaldehyde, and pyruvic acid. 


METHOD 

^^CiKjents . — ^Fivc per cent .solution of ortlio-nilrolionzaldehyde^ in 95 per 
cent ethyl alcohol. 

Ten per cent potassium liydroxidc. 

iiohdiojis.— Solutions of acetone containing 1.0 and 0.5 mg. of acetone per 
cubic centimeter should lie made up and accurately titrated with iodine. Stand- 
^ for urine.s giving a faintly positive test for acetone and acetoacetic acid 
^ ould be made from 1 or 2 e.c. of the 0.5 mg. per cubic centimeter of standard, 
and for those giving a strongly positive test from the 1.0 mg. per cubic centimeter 

of standard. 

Procedure.- — Twenty cul)ic centimetei’s of a urine giving a positive test for 


acetone 

Iherv 


or acetoacetic acid are transferred to a large test tulie fitted with a de- 
he ^ ^^I'csli cork stoppers or rubber stoppers covered with tin foil must 

intT"^^ delivery tube need not be cooled during the time the specimen is 
' hath. The tip of the delivery tube is placed well lielow the surface 

hoi]* ^ ‘^^f^tilled water in a small test tube. Tlie sample is immonsed in the 
"’‘^for batli for ten minutes to precipitate proteins and to convert the 

Oftlio-TiHrobcnzaltlchydc was secured ftom the Eastman Chemical Co. 
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acetoacetic acid to acetone. The boiling of the Avater l)ath is so adjusted tkt 
vei’y little vapor is tran.sferred to the receiver. The sample is then cooled le 
room temperature. The receiA'er and the delivery tube are rinsed with .sraa!! i 
portions of distilled Avater and the Avashings are added to the sample, whicli h •, 
then measured and filtered. 

Table I 


Recovery op Acetone and Acetoacetic Acid Prom Urine bv New Methoii 


All urines are those of children between the ages of 6 and 12 years. Tlie results are ' i 
as milligrams of acetone per 100 c.c. of urine 


SPECniEN 

preformed 
acetone and 

ACETOACETIC 
ACro BY NEAV 
METHOD (0.2 
MG. ACETONE 
ADDED TO 
EACH 
SAJIPLE) 

PREFORMED 
ACETONE AND 
ACETOACETIC 

ACID BY 
METHOD OP 
BEHRE AND 
BENEDICT 

PREFORMED 
ACETONE AND 
ACETOACETIC 
ACID BY NEAV 
METHOD 

ACETONE 

added 

Normal 

1.08 

1.021 


10.00 

Normal 

0.38 

.43 



20.00 

Normal 

0.46 

.58 



40.00 

Normal 

1.43 

1.57 



40.00 

Ketogenic urine 


3.59 

3.74 

— 

Diet 1.5:1 





Ketogenio urine 


13.23 

13.67 

— 

Diet 2.5 :1 





Ketogenic urine 


40.27 

41.82 

— 

Diet 3:1 





Ketogenic urine 


113.61 

118.43 

-* 

Diet 4 : 1 




10.00 

Diabetic urine 


23.11 

22.86 

Diabetic urine 


3.29 

3.10 

10.00 



AICT 

ADDED 

acctom 

acetone 

EECOVfJin 

RECOVERED 

BV.MnWO 

BV NEW 

orsniEE 

method 

iV 


bentnit 

9.4S 

9.72 

19.70 

19.6i 

40.21 

39.411 

39.93 

39.71 

9.92 

9.70 

fi 

9.07 



A volume of filtrate equivalent to 10 cubic centinieteis o 
ferred to a large test tube. One cubic centimeter of the o jiydnA 

solution of ortho-nitrobenzaldehyde and 2 c.c. of 10 per in ihh 

ide are added to the nnlvnoAAUi. It is essential tliat tlie leagen s ) 
order to prevent the precipitation of the ortho-nitrobenzalde n e^^^ entity d 
and a standard, Avhich is set np at the same time and nith t le s< 
reagents, are alloAved to stand for one hour. The indigo is 
chloroform. Three cubic centimeters of cliloroform aie siu jj present. '> 

indigo AAdien the acetone concentration is Ioav. When muc 1 1 „cc(i {“■ 

may be necessary to make seAmral extractions. A j, adik^ k I"’ 

the extraction and the extraction aauII he faster if a\ arm in -plie cAtfs- • 

unknoAAm. Where the tap Avatcr is relatiA’oly pure it ma.A ^ gy the 
is transferred to a calibrated tube containing 2 c.c. of approxin’'’*'^'' 

chloroform, the standard and the nnlaioAA'n are adjns e pas^-.- 

same indigo concentration. Cloudiness of the eiiloro tap 

after standing, may be removed by AA-arming t ie ”^]pj.Qporni in 
Indigo is calculated as acetone per euhic centime ei o 
ard. Standard and nnknoAAm are then compared mi 

US B X C X V milligrams of 

^ X A = = etone in the total speeiniem 

RlJ ^ 
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,RS is the reading of tlie standard, usually 20; KU is the reading of the un- 
known; A is the milligrams of acetone per cubic centimeter of chloroform of 
the standard; B is the milligrams of acetone per cubic centimeter of chloroform 
of the imknow’n ; C is the number of cubic centimeters of chloroform of the un- 
known; V equals the total volume of the specimen; v equals the volume of the 
.sample. 

DISCUSSION 

In the upper range of total ketone bodies (over 0.2 per cent) the method 
was found to be truly quantitative. In the lower range the results w’ore low. 
It seems probable on the basis of further studies now in progress that the range 
of this method may be increased and that it ma}' be modified to measure total 
/ketone bodies. 

SUMMARY 

1. A practical clinical method is presented for the quantitative estimation 
of acetone and acetoaectic acid in urine. 

2. The method is based on the condensation of acetone and ortho-nitro- 
/henzaldehyde in the presence of sodium or potassium hydroxide to give indigo. 

3. The method is simple and accurate for the estimation of acetone and 
acetoacctie acid when these substances arc present in tlic urine to a pathologic 
degree. 
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A RAPID METHOD FOR THE ESTIMATION OP URINE SUGAR* 


JIicriAKL SoMOGvi, Ph.D., St. Louk, JIo. 


T he most satisfactory clinical a])proacli for studying tlic carbohydrate atil- 
izalion (tolerance) of diabetic patients is tlic one employed by Naanj'n sbI 
his school at the turn of the ccirtnry. Essentially it consists in preparing daily 
balance sheets of carbohydrate consumption and loss of glucose in the urine, 
the balance representing the amount of carbohydrate utilized in twenty-fonr 
hours. 

In clinical and laboratory investigations during the past sE years 
used tin's procedure routinely. In cases in which insulin therapy rws appbt ,• 
we did not stoj) at estimating the total glucose output for twenty-four our 
periods, but found it necessary to mm separate quantitative deteiminahon^ « 
every:' batch of urine collected between insulin injections; the 
obtained proved to be the best criterion for the adequacy of the 
One of the advantages of this procedure is that it can be pursued foi 
of time without hardshii) to the patient, whereas gathering of 
formation by serial blood sugar determinations is scarcely to eia e 
and niglits in a row. ^^200 

The lai'ge number of sugar determinations in our laboratory ' 
on some day's) was feasible only with the aid of a rapid 
We describe hei'oin a irrocedure tliat we liavc been using 
,vears. It requires no more time and skill than a properly pei o 
tive test. jjkos 

The basis of our method is the well-known ebango of co or^ ^jgyelops w 
place when sugars are heated in alkaline solution; the ' ^Ijieconc®- 

the reactioir varies from pale yellow to dark amber, depen 
tration of sugar. Our primary task was to devise expenmen i« 

which the colors developed would be in the closest possi^ tiuulakd a 
the concentration of the sugar. As additional conditions ue gg^niai'®" 
ably short reaction period and sufficient sensitivity to peimi 

glncosc over a wide range of concentrations. ^ .-ments let h 

M’’ithout enlarging on details of the exploratory expen j.cquii'ew®t>- 
in brief that sodium carbonate as the alkali piwed to sa is 
Glucose quantities varying from 1 to 30 mg. m 5 « die cartons 

yielded maximum color intensities when the con j color apF=' 

varied within the wide range of 8 to 15 per cciA. The maximum 
after heating alkaline glucose solutions in ^ g,.adual 

prolongation of the heating beyond ten J to two 

color. (Boiling over an open flame for one and one 

^^rom the Laboratory of the » Ho«pUnl, St. Loui«. 

Received for publication, November 29. 1940. 
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the same colors as heating in the water hath for seven to ton minutes.) In the 
procedure based upon these facts the following reagents and equipment are 
required : 


Reagents . — 

1. A 10 per cent solution of anhydrous sodium carbonate. 

2. A series of standard glucose solutions, ranging in concen- 
tration from 0.5 to 6 per cent. 

The standard glucose solutions arc best prepared from a stock solu- 
tion, a 10 per cent solution of glucose in water, saturated with benzoic 
acid (0.25 per cent) as a preservative. From the stock a series of 0.5, 
1.0, 2.0, 3.0, 4.0, 5.0, and 6.0 per cent standard solutions is prepared by 
dilution with water containing 0.25 per cent benzoic acid. Stock solu- 
tion and standard.? keep indefinitely at room temperature. 

Equipment . — 

1. Test tubes of 14 mm. inside diameter. All test tubes employed 
must be of identical diameter. A simple way to select uniform 
test tubes is to measure acciumtcly 10 or 15 c.c. portions of water 
into a scries of tubes and to retain for use only those in which 
the water level is of the same height. 

2. Pipettes for measuring 0.5 c.c. and 5.0 c.c. portions of fluid. 
Procedure . — 


Introduce into seven test tubes 0.5 c.c. portions of the standard 
glucose solutions, and into the other test tubes 0.5 c.c. portions of the 
urines to be analyzed, then add to cverj' test tube 5 c.c. portions of the 
sodium carbonate reagent. IVIix the contents, place the test tubes in a 
rack, and heat, immersed in boiling water, for eight minutes. Racks 
•accommodating from one to two dozen (or more) test tubes are serv- 
iceable. 


After eight minutes’ heating read the results without undue de- 
biy. To this end place the standards in an ordinary test tube rack, 
leaving one space between each two tubes free for the matching of the 
lest tubes containing the urine samples, "When matching colors, view 
tlie te.st tubes transversely, holding the rack against a window or an 
artificial source of light. If the color of the unknown does not closely 
^atch any one of the standards, hut lies betw’een tw’o of them, estimate 
the intermediate value by interpolation. If, for example, the color 
shade of an unkno^vn is halfway between the 3.0 and 4.0 per cent 
standards, its sugar content is 3.5 per cent; if it is between 3.0 and 4.0 
per cent, but distinctly nearer the 3.0 per cent standard, then it con- 
tains from 3.2 to 3.3 per cent of glucose, etc. 


the 1 ^ ^®^°ratories where urine sngar.s arc determined throughout the day, 
jj I ^ mca.surable fading of the colore at room temperature constitutes 

the ' along with standards prepared once a day, hut with 

cral 1^ fact that analy.scs pei’formcd when the standards are sev- 

e?n readings that arc 10 to 15 per cent too high. This is 

^ OR hot summer days, w’hcn the fading of colors is accelerated bv 

s ’ fomperatuves, 
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Such degree of accuracy seems quite acceptable for a semiquaiititafive 
method ; but we succeeded in eliminating this source of error by devising perma- 
nent standards, in sealed test tubes, which remain unchanged indefimtely. After 
an extensive search for adequate permanent standards, alcobolie iodine soliiiions 
were finally found best suited for the purpose; Dr. Simon Riissi and other 
workers in our laboratory gave valuable assistance in this endeavor. 

The stock solution for permanent standards is a 0.01 normal iodine solution 
in absolute alcohol from which a series of solutions is prepared by dilution 
with absolute alcohol. The normality of the several diluted solutions is given 
in Table I. A O.OOS normal alcoholic iodine solution is of tlie same color, shade, 
and intensity as the 6 per cent glucose standard and thus takes tbe place of it; 
a 0.005S normal iodine solution is a substitute for a 5 per cent glucose standard, 
and so on, as given in Table I. 


Table I 

Concentrations op Alcoholic Iodine Solutions Used as Permanent Stanmms 


NORMALITY OF IODINE SOLUTIONS 

CORRESPONDING PERCENTUAL OMCOSE 

concentrations 

0.0004 

- oiB ~ 

0.0009 

1.0 

0.0018 

2.0 

0.0028 

3.0 

0.0043 

4.0 

0.0058 

5.0 

0.0080 

6.0 — 


Table H 


XABIili JJ- 

Comparison op Results op Urinary Sugar Determinations by the ^ ' 

True Sugar Values Estimated by a Copper-Iodometric i . 


no. 


CM. OF sugar per. 300 C.C. OF URINE 
COFPEU-IODOMETRIC METHOD, WITH 
SHAPPER-SOMOGYI REAGENT NO. 50 


NEW METHI’’ 



Approximately 5 c.c. portions of these iodine solutions aie this 

pyrex test tubes of 14 mm. inside bore and the tubes arc ^ pje- 

condition tbe standards remain nnchanged without lequjiJn^ 0^ teiapei’f^*'^^j' 
cautions, as for example, protection from light or change ^ staodari- 

The permanence can be readily' ascertained by gtandai'd* 

freshly prepared with pure glucose solutions. The earliest 
in our laboratory are now over two years old and show 

■When using the permanent standards vvith a -j. into the i’''"' 

block,® the accuracy of the method is great enough to a vR market w ' 

*Sets of permanent standards with 


Aloe Co., St. Louis, Mo., and are available throug 
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of adequate quantitative methods. The accuracy of this procedure is illus- 
trated in Table II, in which results obtained by it are compared with determi- 
nations run by the copper-iodometrie reagent of Shaffer and Somogyi.' It is 
to be remarked that the results of the copper-iodometrie analysis represent true 
(fermentable) sugar values, that is to say, values that do not include any 
reducing matter other than sugar. These values, as may be seen, compare 
favorably with those obtained by the new procedure. 

The method, we reiterate, is as rapid and simple as a properly executed 
qualitative test for urinary sugar, particularly when one is to carry out con- 
siderable numbers of determinations. In instances where only occasional single 
determinations are made, however, preliminary heating of a water bath to 
boiling and heating of the reaction mixture for eight minutes may involve 
a waste of time. This difficulty can be overcome by the use of an open flame. 
The analysis then is carried out as follows; 

Measure into a test tube 0.5 c.c. of urine and 5 c c, of the car- 
bonate reagent, drop in two small glass beads or quartz pebbles, and a 
drop of paraffin oil (or a corresponding bil of paraffin wax), heat to 
boiling over an open flame and, turning the flame low, keep the liquid 
vmj genthj boiling for one and one-half to two minutes. The color 
develops to the same shade as after heating for eight minutes in a 
boiling water bath and can be matched against tlie permanent stand- 
ards. 

Since this method consumes no more time and work and requires no more 
ikill than the generally employed qualitative methods, as for example Bene- 
fiet’s, in our institution tire quantitative estimation of urine sugar has com- 
[>letcly displaced the qualitative tests based upon copper reducing power. 

A distinct advantage of the carbonate reaction is that it is more specific 
tor sugars than are copper reagents. This quality comes mainly into play 
"ben dealing with concentrated urines, so frequent in hot sximmer weather, 
"Well may reduce appreciable amounts of oopijcr without containing any 
abnormal amounts of glucose; with our method such urines give negative 
results. 

If the urine is abnormally dark colored or contains blood or bile, it must 
>e decolorized preliminary to the analysis. To this end about 2 to 3 Gm. 
(voughly 

one-half teaspoonfnl) of Lloyd’s reagent is added to about 10 c.e. of 
critic in a test tube or a small flask, the mixture is gently agitated for about 
^ ininiite (or longer) and then filtered through n dry filter paper. The nearly 
*^0 or ess filtrate is ready for analysis. 

REFERENCE 

■ Shaffer, p. Somogyi, M.: J. Biol. Chem. 100: C95, 1033. 



MEDICAL ILLUSTRATION 


LANTEEN SLIDES A NEW TECHNIQUE*^ 

31. 3Iu.srMAT, MAX, P.A.C.S., PiiinADELpiiu, Pa. 

j|[ ' oi ^JcinteiH .slide.s in medical presentations is becoming more and more 

poiruai. liie sneee.ss ol a presentation, wliether long or short, depends 
‘'•ic.e } uioou the number and cxeellenec of the slides .shown. To the essayist it 
means a Aei;^ definite aid in expounding: and elucidating the detaihs ami tine 
points of the presentation. Tlie audience is instantl.v aware and attentive, and 
lemembeis Mell the important part of the subject under discussion. 

Oui picsent-day photographic method of preparation of .slides is rather 
unifoim. Charts, gn-aplis, table.s, and drawings are photographed and po.si!ivf 
slides are made. This method is good, but its cost is high and force, s the average 
e.s.sa.'^ i.st to limit tlie number of slides he uses. By thus limiting himself to only 
a few slides he foregoes the o])portunit.v of stressing many coin'incing points, 
eai iiig the impression of haste and incompleteness. 

An additional method is with the use of cellophane, which is available ns 
“aiinouneemeut sheets” and ‘‘radio mats.” TJie cellophane, enea.scdin nn 
envelope, i.s covered with a .slieet of carbon paper. After the material is copied 
on the typewriter, tlie envelope is opened, the carbon copy is removed, and the 
finished film is placed between two cov'er gla.s.se.s and taped. This method is 
.simple and inexpensive, but it can onl,v be used for writing a few seutences on a 
small area. Previous attempts to make charts or drawings on cellophane lia'« 
ended iii failure becau.se of the small area (7.6 by 5.7 cm.) available, the smear.' 
eop3 , and tlie inability to erase errore. 

I am iiresenting liere a novel method of slide preparation that is easj 1 
handle and is low in cost. It consists of a very^ thin frosted paperlihe film, 
which one can typewrite, draw’ w'ith a pencil or pen and India ink, and e 
use water colors with good results. This material can be liandled 
culty, for it keeps its shape and does not become smeary. It possesses a 
qualities and cliaracteristies of a line drawdiig or tracing paper- At 
draw'iiig or typing is completed, the frosted sheet is placed 
slides, bound with tape, and is ready for use. Thus an original drawn r 
chart can be prejiared w’itliout having to I’esort to photography. 

Maierial Used. — T’he frosted film is available on the market as 
(light w’eight only), ‘‘Frosted Protectoids” (three weights or tine 

. d tlie • 

*Prora the Departments of Urolog-ic Surg-eiy, Alount Sinai Hospital an , 

School of the Dniversitj- of Pennsylvania, Phiiatlelpiiia. 

Heceivetl for publication, Januaiy 21, 1941. 
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light, medium and Iiea\y), and “Plastacele” (varied thicknesses). In testing 
various thicknesses their optimum nsefnlness for specific purposes was found. 
The results of this study are summarized in Table I. 

Typetoriiing . — ^The frosted film, cut into strips of 9.2 cm width, is placed 
ill the typewriter. The typing is done on the frosted side. It is better to use a 
few sheets of ordinary paper beliind it, to obtain a sharper print. An extra black 
ribbon will produce darker print and show up better on the screen. The best 
print is obtained by placing the film in a folded carbon paper, thus obtaining a 
double print: front and back. One can utilize the entire surface area of the 
frosted film, leaving a margin of about 2 to 3 mm. for the binding tape (Fig. 1). 
The surface area thus available is 55 per cent greater than in the commercial 
cellophane method marketed as “radio mats.” This ratio is shown in Fig. 2. 


Table I 





1 




INDIA 




LEAD 


1 








AND 

INK 


STAMP 




CLARITY 



CAHBON 

INK 

TYPE 

ERASURES 

BY 


DLING 


PENCILS 






SCRATCH- 










INC 



Cellopliatio 

None 

Poor 

Poor 

Poor 

Fair 

None 

Poor 

Smeary 

Smeary 

Traceolcue 

Poor 

Poor 


Fair 

Good 


Fair 

Clear 

Clean 

or frosted; 
88 AB 
Frosted : 

AB 1 

Good 

Poor 

Good 

Good 

Good 

Clear 




Fair 

Good 

Clean 

Frosted ; 1 

300 AB 1 

Poor j 

Poor 1 

Good j 

Poor j 

Poor j 

Good j 

Good j 

Clear j 

Clean 


Some projectors and lantern slide carriers are so constructed that they 
■wt in on the sides of lantern slides in wliich the data extend too far to the 
ight or left. It is advisable, therefore, to Iiave the contents of the slide cover a 
pace of only 7 cm. vertically and 7.5 cm. horizontally. This allows a space on 
‘ le left of the image for attachment of a label or tab on which are noted the 
necessary data as to the owner, the nature of the contents, and the number of 
slide. The large circle in the lower left-hand corner is an indicator for the 
['rojectionist to put the slide in the machine in the proper manner. 

When a comparison is made of the print on clear cellophane with that 
rested film, the sharpness of the letter print in the frosted material and the 
mear\, nnclean result on the cellophane can readily be seen. An enlargement 
oolh results illustrates this difference in Pig. 3. 

J*lain rubber stamping can also be used, as seen in Fig. 4. 

^pachi legends are required, they should be printed with the proper 

nig. The frosted paper is then cut to the correct sizes and placed on the 
or directly on the slide as needed. 

PcHciV. — In drawing an object on frosted film the same 
wrbon when using ordinary paper. I recommend the use of 

■'^feen since the marks left by these pencils will show up better on the 

j ^ using shaders dipped in carbon pencil dust on a sandpaper board, 

e to draw the most delicate shadings desired. Shaders are made by 
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LAMTERI^. 

The use of lantern slides in . 
medical presentations is be- . 
coming more and more popular. 
The success of a presentation 
whether long or short, depends 
largely upon the number and 
excellence of the slides -shoim. 
Its value to -the essayist is 
tremendous and, if properly 
prepared and presented, , also 
to the audience. The meat of 
the presentation is then nsH 
remembered, thus enhancing its 



Fig. 2. 



Diag; 



ijK-'C 

,cartf''>i 

ml af- 
t,mar5 
• le d 1 

au-ia 


abcdefghI 
1234 I 

Fiff. 4. 



FiE. 5. 
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cutting and sandpapering to a point ordinary erasers and nieces nf i , 

sharp pointed pencii may be used on fln'c f i i ^ 

mrinJdi m Tim film nfill i i - tearW or 

niJJin,. 1 he fiini mil stand erasing Avitli iiard and soft rubber (Pig, 5), 



Pig. 0. 



Fig. 7. 

Drawing With India Ink.—Uhe finest lines can be draivn on n 
with pen and India ink. I drew charts and graphs on it the 
fine drawing paper. Brilliant results may he achieved. Seratcbnig o» 
ink is easy. Ink smears on the glazed back may be wiped off with a ' 
(Fig. 6). 
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Shading of Areas.— For this work 1 have utilized a special cellophane 61ni 
. irilli various designs or patterns of dots and lines printed on it. It is called 
“Transograph Shading Film”— A. Standard nonadliesive, and E. Coiitak- 
■ adhesive back (see Fig. 7). Spaces and eolumns were shaded by pasting them 
I on the frosted film. 



Fig:. 9- 

Tli0 

“lliesive ^ useful in many wa.vs. When using the Coutak with the 

a<^k, one side of the film is covered with a white paper upon which one 
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can draw with pencil or inlc. After tlie required area is marked off, it is cut oat, j 

The protective white paper is then lifted off and the pattern is pasted directly on 
the frosted film. In order to produce varied shadings, tlie same ffhn is pasted on ' 
tlie first layer of film, with the design running in a different direction. Many i 

different types of shadings can thus he obtained. The handling is veiy simple j 

and clean, and the final effect on the screen is brilliant (Pigs. 8 and 9). | 

T}-aci7)[/s . — The frosted film is adaptable as a tracing paper in making a | 
tracing of any desired image. By placing it upon the picture and feing it vith j 

tScotch cellulose tape, one can trace any minute detail, either with carbon j 

pencil or India ink. Such tracings can be very useful to those who cannot do | 
freehand drawing. 



Fis. 10. 


Color Slides . — Many desired effects in flat color can be 


obtained by the® 

the frosted 


on 


be 


of colored cellophane. The ent-to-shape colored cellophane, pas e 
film, produces an effective color on the screen for jjj peimaneid 

pasted on the adhesive side of adherent cellophane, thus fixing i 
position. Colored cellophane is used for square and round ^^jj^pPaneiB 

Pei'mancncy . — Slides made of frosted film are supei’ior to t ordinar}' 
maintaining their shape and clarity over a long pei'iod of 
conditions they will not w'arp or wrinlde, and the type will no 
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SEBUM LIPASE, Diagnostic Significance of Determinations of, Johnson, T. A., and 

Bockus, H. L. Arch. Int. Jfed. 66: 62, 1940. 

This report comprises data on 616 independent determinations of serum lipase for 
371 patients, performed over a period of three j*ears. In the authors’ experience, values 
for serum lipase are significant when they exceed 1 c.c. of a twentieth-normal polution of 
sodium hydroxide. 

A large number of patients with functional and organic disorders, but with no clinical, 
surgical, or pathologic evidence of pancreatic disease were examined in order to determine 
the incidence of positive teats in nonpancreatic disorders. Uniformly normal lipase values 
were obtained in uncomplicated diabetes niellitu's, hyperthyroidism, syphilis, tuberculosis, hypo- 
thyroidism, venereal lymphogranuloma, nonpancreatic malignant disease, uncomplicated peptic 
ulcer, gastritis, gaatroduodenitis, functional colonopathics, nonobstructive organic diseases of 
the small and large intestines, and heart disease. The .«:ignificance of normal values for 
lipase in these conditions is emphasized in order to stres.s the specificity of the te.st as an 
indication of pancreatic disease. 

The study confirms the reports of others that diseases of the pancreas show the highest 
incidence of increased values for serum lipase. In 9 of 31 patients with acute pancreatitis 
and in 5 of 8 patients with proved cancer of the pancreas pathologic values for lipase were 
obtained. Further proof that disease of the pancreas is tlie usual cause of elevations in 
serum lipase is supplied by the data for a group of 60 persons with cholelithiasis. A positive 
test was obtained in only 1 of 31 patients without jaundice and without a previous history of 
iaundice, whereas in 31 per cent of the remaining 29 patients with cholelithiasis with jaundice 
or with a history of jaundice values above 1.0 c.c. were obtained. 

The study does not supply any support for the view that hepatocellular injury* causes an 
elevation of the serum lipase. Normal values were obtained in 15 persons with so-called 
catarrhal jaundice, 2 with toxic or infectious hepatitis, and 32 with hyperthyroidism. These 
fiadingg tend to throw some doubt on the theory* that hepatic dysfunction may disturb the 
level of the serum lipase. If the findings in cases of catarrhal jaundice are confirmed by 
others, the lipase test may prove to be of distinct value in certain cases of jaundice of 
obscure causation, for an elevated value for scrum lipase would tend to exclude the diagnosis 
of catarrhal jaundice. 

As might have been anticipated, the authors noted no relation between hyperbilirubinemia 
iin'l the values for scrum lipase. This statement is based on simultaneous determinations of 
^cruni lipase and bilirubin on the same blood samples from 44 jaundiced patients. The fact 
oiaj be considered additional evidence against the theory of a hepatic causation for hyper- 
lipascmia. 

In chronic hepatic disease associated with widespread destruction of the hepatic 
I'afonehyma, there wag a rather high incidence of liyperlipascmia. High values were obtained 
' of 24 patients with cirrhosis of the liver and in 2 with hepatic tumor. An examination 
®f the material (Table 4) doc.s not supply very* convincing evidence that the possibility of 
Poocreatie involvement was sati.sfactorily eiiminated. The pancreas was examined at autopsy 
in only one patient (9) and was reported to be normal. 

^our patients with intestinal obstruction had elevated values for serum lipase. The 
have found no reports of a similar observation in the literature. If the observation 
« confirmed by others the serum lioase test will have another clinical application of im- 
portance. 
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Tlie authors feel tliut this study justifies tlic conclusion that the scram lipase (leterraini- 
tion is of considerable clinical importance and that a wider application is warranted tlan 
it now enjoys. 


SEPTICEMIA, Staphylococcic, Sutherland, R. T. Arch. Int. Mctl. 66: 1, 1940. 

The treatment of staph 3 'lococcic septicemia .should not be considered hopeless, sinte 
bj' earl}’ active treatment the niortalitj' can be reduced. 

Patients having active or recent!}' healed carbuncles, furuncles, or blisters, with either 
prolonged, mounting, or septic temperatures for which no cau.se can he found; patients 
with symptoms and signs of a beginning o.steoniyelitis; and patients with staphylococci in 
the blood, should immediately have heroic treatment. 

At present there is no standard as to ■what constitutes such treatment. 

Experience suggests that in addition to supportive and surgical care, earh treatment 
witli large doses of antitoxin in a total do.sage, varying from .H00,000 to 1 , 000,000 or nwre 
units, together with some bactericidal clement sncli as immune blood, ghes cncoura„' ^ 
results. 


SCHICK REACTION, Effect of Human Senim on the Blood Antitoxin Titer and, Baren- 

berg, L. H., Greenstein, N. M., and Leighton, B. Am. J. Dis. Child. 60. 36, 1. 

Because of the fact that susceptibility of a person to ■ ^^5 

within twenty-four liours by means of the Schick test and blood titration, 'P 
singled out from otlier contagious diseases for special study to determine the me 
which the routine injection of human scrum prevents the development of eecon ari 
diseases in a hospital ward. ' , 

This investigation is based on observations of the effect of human titer oi 

reaction in 1-41 children with positive reactions to the Schick test and ^ tes! 
55 of this group. The children ranged in age from 0 months to 12 year.. 
was performed on every patient admitted to the hospital, and a ^ere 

several days after the serum injection. Subsequent retests, at mont i 
carried out on patients in whom a reversal of the reaction followed patient wilMa 

muscular injection of from 10 to 30 c.c. of human serum was ghen o e injection “ 
twenty-four hours after admission. Within twenty-four hours after ® tletc 

central pallor developed in the area of the Schick reaction, and inflanmmton' z""?- 

was a clear demarcation between tlie central pallor and the perip le gnonalf 

In patients to whom serum was not given, this phenomenon did piace. 

did not indicate that a subsequent reversal of the Schick reaction ^ diildren, 

Injection of human serum brought about a reversal of the Schic ^ per.dstcDt'f 

or 69.6 per cent. In 43 children, or 29.4 per cent, the Schick reac poivever, apr“z®®*'P 
positive despite the serum injection. The intensity of the Schick of 8 diiW'™ 

was reduced by means of the human serum. The modification o j.gceived fw® 
who received from 10 to 15 c.c. was similar to that of 24 chilt len 
c.c. of serum. 


Titration studies were done on 55 children. Of childre 

• -fico ITI Lltt 


in wliose Schick 


titer in M P« 


cent, 

1 titer ia 


the serum brought about a reversal there was a significant rise ^ slight rise in 
of 22 whose Schick reaction was persistently positive there was _ Pu rere 

. - 1 i — f 


/I the 

or ■wiiuse ocuick reiicuuu » _ serum titer miI i'll 

40 per cent. There ^vas a close correlation between ^ hservati *'" ^ ' 


of the positive Schick reaction. Analysis is preseiiicu negative 

the youngest age group, in whom 22 whose Sehick ^ifc of •E-'* 


,n between me 

i« presented of the after injeot' ” 

Z negator j^nt in 1' 


tne youngesi age gioup, la »iium ^ gf 44.4 per 

of serum liad a rise in titer of 166.6 per cent, as comp. average titer of 

children whose Sehick reaction was persistently higher ^ higher 

- - " -■ " ■ „.guia indicate that 


serum lu uit; ^ 

the serum given to the latter group. These observation 
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potency of the serum was icsponsible foi the re^rsal of the Schick reaction as well as for 
the rise in titer of the patients’ blood. In this study the repetition of the Schick test was not 
responsible for tlie rise in the blood titer or for the reveisal of the reaction, as the interval 
between the second test and the subsequent titration ranged between seven and thirty-three 
hours, a period in which the Schick material could not be a factor. 

Human serum protected more than half of the children for twenty and five-tenths weeks 
and the remainder for three and two-tenths weeks. The average period of piotcction was 
thirteen weeks in the cases of the youngest group of children, as compaied with twenty-two 
and twenty-six weeks in those of the two older groups. It was found that the youngest 
age group, in which the smallest percentage was piotocted, lost its immunity sooner. 


MONONUCLEOSIS, Infectious, The Histological Lesion in Lymph Nodes in. Gall, E. A., 

and Stout, H. A. Am. J. Path. 16: 95, 1940. 

A survey* of the literature reveals the fact that no consistent lesion has hitherto been 
described in the Ijunph nodes from patient.s with infeetiou> mononucleosis. The authois 
have studied lymph nodes removed from ten such patients at vaiious stages in the illness 
and have described a characteiistie morphologic pattern. This appears with such regularity 
in this disease and so rarely in other conditions that it is believed to have diagnostic im- 
portance. 

The basic lesion of infectious mononucleosis is apparently the result of the varied 
responses of several dift'erent elements composing the lymph node to a single, presumably 
irritative stimulus. The structure.s manifesting tins reaction may be enumerated as follows: 
(a) lymphoid follicles, (b) lymphoid cords, (c) lymph sinuses, (d) sustentntive elements 
aad blood vessels. 

The important crude dingno.stic feature which serves in the diileientiation from primary 
acoplastic disease of the lymph node is, the letcntion of gross architectural relationsliips. 
This is particularly the case with reference to the persistence of subcapsular and radial 
iimuscs, 


The basic process underlying the lymph node lesion in this disease is essentially the 
result of proliferative stimulation of the components of the node. 

la what appears to be the early stages of the lesion, the germinal centers of the lymph 
follicles become hyperplastic and show large secondary nodules. These consist of masses of 
apparently fused cells with abundant, poorly defined, basophilic cytoplasm and large vesicular 
r^udei (stem cells), and also of varied numbers of mononuclear elements with more sharply 
defined and demarcated eosinophilic cytoplasm and eccentrically placed lobulated or reniform 
rJuclei (probably' clasmatocytes). Mitotic figures arc numerous and there is evidence of 
1 'ogoeytic propensity' among ninny of the clasmatocytes. 


At the same time there are increased numbers of mitotic figures in the laiger cells of 
‘c t’.\trufollicular lymiphoid substance in both cortical and medullary regions. 

Curing the florid stage of the disease the appearance of the lymph node is quite un- 
“ u-il and piesumably specific. Tlie node is enlarged and shows greatly increased ecllularity in 
medullary, cortical, and sinus substance. The cords are swollen by a rich mixture of small 
lymphocytes, stem cells, and lymiphoblasts, infections mononucleosis cells, and large 
^ aopliiljg phagocytic elements. Follicles persist in some cells, but in others they' arc 
^rparent only as occasional, partially disrupted germinal center fragments, and reticulum 
5 e-xhibit a vestige of concentric perifollicular arrangement. There is marked sinus 
^ PfC'Sion and distortion, although identity' is preserved. The sinus lumina contain variable 
similar to those noted in the pulp. Cells of this type are also evident in small 
reti trabeculae and capsule of the node. There is an apparent increase in 

va.v' ^^•‘'hwork fibrils, vascular cluinnels are much more abundant than usual, and 
endothelium is hyperplastic. 
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BILIBUBIN, Comparison of Tests for, in Urine, Toord, A. G., and Baisinger, C, P, Am, 
J. Clin. Path. 10: 238, 1940. 


In doing tests for bilirubin in the urine, particular!}- to avoid niis.sing small quantUic,', 
.some method of concentratiOTi of the pigment should bo used, cither precipitation anil .adsorp- 
tion by barium chloride or adsorption by talc. The most commonly used tests on nccoicen- 
trated specimens are not sensitive and often are difficult to read. 

The diazo spot method of Godfricd is a highly satisfactory method, as are also tlie 
Harrison spot and the Naumunn methods. The latter is perhaps more time-consuming. Tlic 
red color developed in the diazo spot method is more easily read than the colors produced ty 
tlio other methods. 

Diazo Spot (Godfricd ). — Precipitate bilirubin with barium chloride, filter, .spread fiifei 
paper on dry filter paper, and add 1 drop of diazo reagent, 4 drops of 95 per cent .ilcohoi, 
and 1 drop of phosphate buffer. Red to pink color denotes a positive reaction. Test woils 
best with small amounts of bilirubin. If precipitate is deep yellow in color, .add more of 
reagents, or better, dilute urine and repeat. A quantitative technique by diazo method is 
given by this autlior. 

Harrison Spot (Godfricd ). — Add to 10 e.c. urine 3 c.c. of 10 per cent barium cliloriik 
solution, mix and filter. Spread filter paper on dry filter paper. Add 1 to 2 drops of FoucW s 
reagent (trichloracetic acid 25 Gm., water 100 c.c., 10 per cent ferric chloride 10 c.c.). 
to green color indicates a positive reaction. 

Naimann . — Filter througli paper in a Bucimer funnel of 3.5 cm. diameter 5 c.c. of 
per cent emulsion of talc in water. Suck nearly dry. Add 5 c.c, of urine an fuc 
dry. Add 1 drop of Fouchet’s reagent or 10 per cent nitric acid in middle o 
color is positive. 


BONE MAEEOW, Sternal, in Hyperthyroid and Myxedematous States, Jones, E. M. 

J. M. Sc. 200: 211, 1940. ^ 

Sternal marrow aspirated from 18 "normal” individuals contained an . 
per cent nucleated cells. ^ 

Sternal marrow from 12 individuals with hyperthyroidism contained an • 
per cent nucleated cells, about 2% (217 per cent) times the "normal” n 

Sternal marrow from 7 individuals with hj-pothyroidisra avenge- 

per cent nucleated cells, a little more than one-third (38 per cent) of t le n 

Five patients with hypothyroidism treated with desiccated the E'en®' 

subsequently studied, showed a marked rise in tlic percentage of nuclea e 
marrow. ^ geereaf® ’’’ 

A patient with thyrotoxicosis following thyroid Tliere^-* 

the percentage of nucleated cells in the marrow when the thyroid nas perfoa®^' 

less marked but definite decrease in. patients where subtotal thyroi e jiyeloiii 

The liyperplasia found in the marrow of the hyperthjroid ind 
character, and was not reflected in the peripheral blood. 

■ ents of Whi*® 

SULFANDCiAmDE, Effect of Sulfapyridine and, Upon the Blood Pig® 


Smith, P. K. Am. J. M. Sc. 200: 183, 1940. 


In white rats that liad received orally for one 
mg. per kilogram, small, but significant, amounts 
amounts of sulfhemoglobiii were found. By comparison 
a decrease in total hemoglobin of about 10 per cent. 


month daily doses of. larger 

of methemoglohm an pj, 

with a gi-oup of control® 


-- 

Under similar conditions a daily dose of sulfapyridine, of suhl’®®’’” 

in a similar amount of methemoglobin without an apprecia 0 
There was no significant reduction in total hemoglobin. 
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PERNICIOUS ANEMIA, The Erythrocyte Response to Treatment, Riddle, M. C. Am. J. 

il. Sc. 200: U6, 1940. 

From (lata in 523 patients with pernicious anemia satisfactorily tieated, the average 
iveeltly increase in the erythrocyte count at the end of two weeks of treatment was found 
to bear an inverse relationship to the erythrocyte count before treatment. 

This relationship is expressed in the equation I = 0.78 - 0.174 Eo, where I is the 
average weekly increase in the erythrocyte count after two weeks of treatment and Eo is the 
erythrocyte count before treatment, expressed as, millions of erythrocytes per cubic millimeter 
of blood. 

This equation is suggested as a standard for measuring the relative effectiveness of 
treatment in pernicious anemia. 

Observed values equal to or greater than those obtained from this equation indicate 
adequate treatment. Observed values les.s tlian tho«e calculated from the equation indicate 
inadequate treatment. 

The existence of various complicating factois such as concmient disease, transfusion, or 
hemorrhage in association with pernicious anemia, invalidate the use of this standard. 

HEMOLYTIC ANEMIA, Erythrocyte Morphology in Experimental as Induced by Specific 

Hemolysin, Tigertt, W. D., Duncan, C. N., and Hight, A. J. Am. J, Jf, Sc. 200: 

173, 1940. 

The administration of a specific hemolysin to the donor animal (dog) is followed by a 
fall in the erythrocyte and hemoglobin levels, proportional to the amount of hemolysin 
administered and to the titer of the hemolysin. 

In the process of cell destruction due to hemolysin (in contrast to the mechanism of 
hjTotonic hemolysis), the erythrocytes approach a spherical form by a diminution in diameter 
associated wdtli little or no increase in corpuscular volume. 

This approach to sphericity is paralleled by proportionately decreased resistance to 
h)’potonic hemolysis. 

The length of life in the blood stream of the erythrocytes altered by the hemolysin is 
inversely proportional to the amount and titer of the hemolysin administered, and survival 
periods up to one month have been observed. 

CEREBROSPINAL FLUID, Calcium and Phosphorus in, in Diabetes Insipidus. Blotner, 

H. Am. J. M. Se. 200: 235, 1940. 

The concentrations of the calcium, phosphorus, chlorides, and protein were studied 
in the spinal fluid and blood serum in 10 patients witli diabetes insipidus. 

The average concentration of the spinal fluid calcium was slightly greater than that 
of the Ca++ content of the serum (1.51 vs- 1.27 mM per litei) in these patients. A series of 
control patients showed no such difference between their serum Ca++ concentrations and cerebro* 
Bpinal fluid calcium (1.27 vs. 1.24 mM per liter). 

Analyses for inorganic phosphate, chloride, and protein showed no significant changes. 
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Although terse, the book is authoritative, having been 'written by two outstaadragBriH-’i 
physicians. It would appear that a text of thi.s nature would also serve admirably for rerieir 
for advanced medical examinations. The value set on this manual by the profession is st- 
tested to by the fact that it has been used successfully for over forty years and has pas.el 
through eleven editions. The latest issue is entirely up to date. 

In the last section, on clinical diagnosi.s, the common types of neurologic disease givi»» 
rise to vesical abnormalities arc discussed and typical examples are given. Many obssrae 
eases of urinary disturbance are dependent on abnormalities of the brain and cord. D'ls- 
seminated sclerosis ranks next to syphilis in this regard. A certain number of cases are Iw- 
tional. Cystometric methods are emphasized throughout the hook. A very good bibliography 
and index are included. 

This book must be read by all who are interested in the urinary bladder, and particularly 
by urologists and neurologists. 


Multiple Human Births" 

OEVENTEEN years ago Dr. Newman's book, the Physiology of rri-nujuir;, was renewed ra 
these pages. Tire pre.«ent volume brings his studies up to date in a popular pre.en 
It is the first of a series of semipopular books on subjects of science to be publis le 
sponsorship of the American Association for the Advancement of Science. 

Dr. Newman has been most successful in simplifying bis presentation for the 1 y ^ 
and in avoiding teclinical terminology. Thus, instead of referring to nionozyoO ' 
consistently calls them one-egg twins. ^ 

IVith two million twins, triplets, and quadruplets in the United 
ten million persons closely related to twins in one way or another. The vo ume 
fore, be of interc.st to many. jjjjjjj 

Sections which should bo of especial general interest include 
Imaging, the Dionne Quintuplets, Criminal Twins, and the Life Stories o 
have been reared apart, usually twins who have been left in 
chance meetings would bo very appropriate for a "Believe It or Lot co^ ^ 

The Association for tlie Advancement of Science is to he 
selected such a thoroughly interesting volume for the innugmation of t le 


The Englishman’s Foodt „ London, 

r\E. DRUMMOND, who is professor of biochemistry at Univer } eaten sin*® 

almost in novel form an analysis of the foods that the ^ Eng >s posse;;*' 

medieval times. The volume represents a tremendous amount of jn t'n^ 

a definite medical facet in that the authors analyze the probable food e « 


centuries, special emphasis being given to the vitamins. 

Dlustrativo of the material eov-ered. Part One deals u 


rith Medieval 

dcahwH' 


ciiaptcF; 


isitiofl 


w.i. lixuLcixai » x-i j. v fTlinir 

Production of Pood, Quality of Food, Meals of the People, an ,, 

Deficiency diseases are discussed. The last part, "The Twentieth Cen ponipo- 

dietary problems in the M'orld AVar. In an Appendix tlie authors 
and food value of some of the diets discussed in various parts of t le 

The volume has illustrations gathered from the old English lite interests^ ia 
It may’ bo recommended not only as a reference volume for all g®*'® 

history of foods and in nutrition in general but also as a volume o 

reading. Horadj 

d QuintuP'c^?’ Sji psS*'' 

‘Multiple Human Births. Twins, Triplets, Chicago. Clo - ' 

Hackett Newman, Ph.D., Sc.D., Professor of Zoology, U? ' ■, C- 

52.50. Doubleday, Doran & Company, Inc., New York, IJ-iu. irnclisb .'lU I'"''' ' 


mond. : 
Jonatli! 


A History of Five 

. University College. London, anti 

Square, London. 1939. ' 
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CLINICAL AND EXPERIMENTAL 


the influence of coronary sclerosis, chronic CONGESTIl^ 
heart failure, AND SIYOCARDLVL FIBROSIS 
ON CARDIAC HYPERTROPHY* 


M.\rk E. JIaun, M.D., Detroit, JIioh. 


although the nature o£ the process resulting in cardiac hj-pertrophy 
■A IS incompletely understood, the more accepted theory is tliat hypertrophy 
follows increased work. This view is most con\Tncingly supported by 
‘ meal and necropsy studies. Work hypertrophy, according to this view, is 
ar to the physiologic gro\rth of muscle. The investigators supporting this 
hj'pertrophied heart muscle probably received an ade- 
* a ood supply and was relatively free of an inflammatory' process during the 
TO^pment of the increased muscle weight. 

Km '’’’'^'Tity to explain the observed cardiac hypertrophy in some cases 
lint ^ clinical and post-mortem studies has resulted in the concept 

>rort;'^ '^Tpertrophy in many instances may not be due solely to increased 
Id hypotheses in addition to increased work have been proposed 

fere hypertrophy. Some investigators believe that in some cases 

s^PPlN or myocardial inflammation may result in cardiac hyper- 
, “injury theory” of Horvath* has been supported by both experi- 

“W and clinical studies. 

-mrlt suggested*' * that dilatation is the stimulus resulting in cardiac 

/^Lether the cause of the dilatation follows increased work, 
Saies ’ r Eyster*' = has made very significant experimental 

— _ KSardmg the relationship of dilatation to cardiac h.vpertrophy. He ob- 

lories of St. Joseph’s Hospital, St. Paul, ilinn., and the Department of 
University liedioal School. Detfolt. 
rnhllcalion. April 17, 1940. 
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served that dilatation alwaj’-s precedes hjnpertropliy in the experimental animal. 
He further pointed out that a relatively brief period of dilatation (three to six 
days) might result in a degree of hypertrophy equal to that seen xvith experi- 
mental aortic valve defects or stenosis. In further studies Eyster produced 
temporary cardiac dilatation by increasing the blood volume in rabbits that 
resulted in increased heart weights. Herrmann and Decherd® were unable to 
confirm the latter experiment in a recent study. 

Davis and Blumgart,^ in the study of a small number of cases, offer further 
evidence to support the ‘'in.iury” concept; they found that those patients pre- 
senting congestive failure had hearts rveighing more than those without failure. 
The hearts in their study xvith severe coronary sclerosis were heavier than those 
with only a mild degree of eoronarj' sclerosis. 

Cardiac hypertrophy has not been noted in experimental cardiac infarction 
in dogs (Sutton and Davis") nor has it been observed in serial roentgenologic 
examinations in individuals thought to have a normal-sized heart at the time 
they experienced a coronary thrombosis (Horine and Weiss®). Gross® failed to 
observe any con.stant relation between coronary sclerosis and myocardial fibrosis. 
Miller and Weiss*® believed that in ease of gradual occlusion adequate collateral 
circulation develops which may forestall hypertrophy. Clawson** has empha- 
sized that ischemia due to nanwing of the coronary orifices in sjTihiiitic 
aortitis failed to produce hypertrophy when unassociated with valvular in- 
sufficiency. He further points out that any hypertrophy observed in those hearts 
having coronary sclerosis is more likely to be due to an associated hypertension 
found in a large percentage of cases than to the coronary sclerosis alone. In a 
careful study of 420 post-mortem records, Bell and Claxvson*® found coronal} 
sclei’osis more frequent in hj’pertensive than in nonlijiiertensive individuals an 
believe there is little evidence to support the concept that hypertrophy is oim^ 
in an ischemic muscle. Bean*® noted hearts with infarcts were usually en aroC 
■when associated with hjqrertension. 

Assuming that ischemia due to coi’onary sclerosis, congestive 
myocardial damage might produce cardiac hypertrophjq it would seem pro < 
that Avith a severe degree of coronary sclerosis, congestive heart fai ni®) 
myocardial fibrosis, the heart would become unusually large; it 
relatively small wfith only a mild degree of sclerosis or failure. This stu } 
conducted to immstigate this point of view. 

MATERIAL 

The reports of 1,645 autopsies performed at Ancker Hospital ivere 
In this group 411 patients were found to have some degree of coronary 
The post-mortem examinations were done under the direction of Di. 

Noble or by myself. It is advantageous to secure the material foi a s^^ 
this type in which the descriptions of the arteries conform to a imi 
tern, so that the investigator might judge with some accuracy t e 
sclerosis indicated. In order to make an adequate study of post-moi 
one must be familiar with the terminology used by the observei m 
the autopsy. The exact inference of the terms -used to describe la 
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It should be remembered that in the routine post-mortem examinations one 
does not dissect the entire heart muscle or secure sections from sufficiently 
numerous areas to be entirely certain that fibrotie patches are not present. In 
most laboratories the pathologist examines the most superficial portion of the 
septum and several cut surfaces of the left ventricle. A careful study of the 
entire heart often reveals surprisingly numerous areas of fibrosis. 

Heart Failure . — The presence or absence of heart failure, as well as the 
degree of failure, was recorded. The more obvious signs of heart failure, such 
as edema, ascites, and hydrothorax, furnished a great deal of information, but 
of equal importance was careful gross and microscopic examination of the lungs 
and liver. Congestion of the lungs was noted to be somewhat proportional to the 
number of macrophages in the alveoli containing blood pigment. Similarly, 
the congestion about the central veins of the liver was' considered an adequate 
index of heart failure. A correlation of the microscopic findings in the lungs 
and liver with the gross observations at the post-mortem examination enables 
one to classify the case as to the absence or degree of heart failure. Conse- 
quently it was graded as absent, mild, or severe. 


OTHER CAUSES OF INCREASED HEART WU:iGHTS 

Coronary sclerosis was noted to be present in hypertrophied hearts whose in- 
creased weights ivere thought to be due to valve defects, adherent pericardium, 
hyqiertension, etc. In order to study the effect of coronary sclerosis alone on the 
heart weight, it ivas necessary to tabulate the average weight of hearts with 
coronary sclerosis alone in comparison to the average weight of hearts ■mtli 
coronaiy disease plus hypertension, adherent pericardium, or valve defects. 
Should coronary sclerosis alone fail to increase the weight of an observed group 
of hearts then one would likely^ consider its effect minimal in other hyper 
ti’ophied hearts in which coronary sclerosis coexists with hypertension, vaic 
defect, or adherent pericardium. 


ISCHEMIA 

The effect of ischemia on cardiac weight can be studied by examination of the 
data in Charts 1, 2, and 3. In order to study’' the theory that myocar 
injury” due to ischemia might result in dilatation and subsequent 
the eases were classified as to their various degrees of coronary sclerosis, 
from grades I to IV. It ivas assumed that the hearts with severe sclerosis wou^^ 
have vessels with very small lumina, and hence the muscle would ® ^ 
ischemic. The “damage” due to the ischemia or previous infarcts won 
sumably produce hypertrophy according to the concepts proposed by 
It would then be logical to expect the liearts with severe coronary sc eros 
wmigh more than those with minimal vessel changes. 

Chart 1 is a record of the entire group studied, representing j,i 

106 females with varying degrees of coronary sclerosis arbitrari y 
grades I to IV sclerosis, depending on the degree of narrowing o t ® 

In these 411 patients coronary sclerosis is associated "with all o er 
causes of hy^pertrophy. In the 52 most ischemic male hearts ^ sclerosis 
average weight is seen to be 365 6m. while the hearts with grade 
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weigh 408 Gm. Grade III cases, which should liavc less blood supply than 
those irith grade II sclerosis, have an average weight of 429 Gm. A total of 
119 male hearts with grade I sclerosis weigh 415 Gm. These hearts are heavier 
than the apparently more ischemic group with grade III sclerosis Examina- 
tion of the female patients tabulated in Chart 1 reveals those with grade IV 
coronary sclerosis have an average weight (367 Gm.) greater than those with 
grade I seleiusis (339 Gm.), but less than those with grade II and III sclerosis 
(386 and 382 Gni., respectively). 



In Chart 1 coronary sclerosis is present with hviicrtension, adherent peri- 
'Mdmm, valve defects, etc. 


It is apparent, however, that the weight of the 
^ not related to the degree of observed coronary sclerosis and probable 
aa present. From these data the evidence points to the fact that the 
dependent on factors other than coronary disease. The average 
o s of the hearts in various grades of sclerosis would seem to be a matter 
"'Aance selection. 

Several 


keart 

ischemi 

keart 


and r I'nYe noted that hearts with severe coronary sclerosis 

'I" th*^ kij-pertrophy usually have an associated hypertension. It is also strik- 
(Cha ^ ^*’nnp of hearts with coexisting hypertension and coronary disease 
leart^rn^ ™ average weight greater than that of an unselected grorrp of 
"ith c I), and that this weight is far in excess of that of a grorrp of hearts 
skoir sclerosis alone (Chart 3). The latter group in this study fail to 

■‘I f'’'<Ienee of an average increased weight due to coronary sclerosis alone, 
ke charts indicates that a heart with hj-pertension -nill likely 

^''^kh or withoirt coronary sclerosis, while those hearts with 
to sclerosis alone will likely be approximately normal in weight. In order 
P csize the causal relationship of coronary disease to hj-pertension 157 
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hearts are tabulated iu Chart 2. In tliis group there is some clinical or an- 
atomic evidence of hypertension in addition to the selerotie changes of the 
coronarj" vessels as observed in the post-mortem specimens. This study verifies 
Clawson 's“ opinion tliat there is a very close relationship lietween hypeitension 
and coronaiy sclerosis. 


HYPEETENSION AND COKONAEY SCLEKOSIS 

Chart 2 is a study of those cases in which the heart weights might he due 
to either hypertension or coronary sclerosis, or both. From a study of this groni) 
the hearts (male) with grade IV sclerosis have an average weight of 523 Gra., 
which is somewhat more than those with grades III and II sclerosis (469 and 
486 6m., respectivelj'). The avei’age weight of the 29 hearts vdth grade I 
coronary sclerosis and hypertension is 514 6m., which is much greater than the 
more ischemic hearts with grades II and III sclerosis. 

There are 46 females tabulated in this group. In this series, those hearts 
with grade II sclerosis weigh 451 6m., while those with grade IV sclerosis 
weigh 441 6m. Hearts with grade III have an average weight of 432 
6m. as compared to an average of 438 Gm. with grade I coronary dis- 
ease. This would also indicate that the heart weight is unrelated to the muscle 
ischemia or ‘ ‘ injury. ’ ’ It would be assumed that the heart weights are influenced 
in this group by the presence of hypertension, since all grades of eoronay 
sclerosis show a variable degree of hypertrophy. Ischemia apparently has litte 
influence on the weights of hearts in the presence of an existing hj^ertensjon. 

Coronary Sclerosis Alone . — survey of the 159 male hearts reveals the 
average weight to be less than 372 6m., which would not be considered a hjT®* 
trophied heart in comparison to average adult male hearts in the mateiia ex 
amined in this department. It is also striking that the average weight o >e 
hearts in this group is 50 to 75 Gm. less than those in Chart 2 that ^ 
sociated hypertension. The average weight of the hearts studied in 
is also considerably less than those in Chart 1 in which the heart weig i ^ o 
he due to coronary sclerosis plus hypertension, adherent pericardium 


or 


valve 
that hyper- 
vith both 


defects. A comparison of these charts confirms Clawson’s opinion 
tension is the likely cause of the increased heart weight in those cases m 
hypertension and coronary sclerosis. , 

A total of 208 hearts are tabulated in Chart 3 in which ^jiat 

is the only possible cause of the increased heart weight. Additional 
might produce hypertrophy were excluded after careful examination o 
records and post-mortem studies. In this group the effect of 
weight can he correctly analyzed, since no other factor that might pi o 

trophy is present. ^ the lu'ge^^ 

One would expect hearts with the move ischemic muscle ® ^ jaale 
if coronaiy sclerosis produced hj^iertrophy. The average weig i o 
hearts with grade sclerosis is 357 Gm., while the weight of t gclerosis 
hearts (grade III sclerosis) is 371 Gm. The 70 hearts with gra ^ 
have an average weight of 349 Gm., while those 
an average weight of 334 Gm. 


nearis . I ..g 

with grade II sclerosis h 
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The average weight of the female hearts tabulated in Chart 3 is not pro- 
portional to the degree of coronarj- sclerosis present, nor are the hearts larger 
than the normal hearts encountered in this department. The heaviest hearts 
are found to have an average weight of only 371 Gm. (grade III sclerosis). 
These data fail to confirm the theory that ischemia, or “cardiac injury,” pro- 
duces hypertrophy, since the hearts with mild coronaiy disease are approx- 
imately the weight of those with severe coronary sclerosis. 

Davis and Blumgart have presented evidence to show that chronic con- 
gestive heart failure may in itself produce hypertrophy. The view is divergent 
to the common concept that congestive failure is seen in a previously hy^per- 
frophied heart. 



tor weiglits in cases ot coronary sclerosis without hypertension. See Chart 1 

Chart 4.^The relation of ciironic congestive Iieart failure to heart weight 


CHRONIC CONGESTIVE P,VILURE 


Chart 4 is a record of 222 patients showing some degree of coronary 
srosis associated with some degree of chronic congestive heart failure in 
cases and no failure in others. Since in the preceding charts coronary 
S'ttosis was fomid to have little influence on the heart weight, congestive fail- 
tvould he the only factor influencing the weight in these cases. Hyper- 
®ion and the other usual causes of cardiac hypertrophy are not present in 
® 'uses studied in Chart 4. Should one assume that chronic congestive failure 
sees cardiac hypertrophy, then the hearts with severe failure should have 
^I'^ight greater than the weight of those with mild failure, while 
“f kea t f'V' group with no gross or microscopic evidence 

fPQ ^^^^^^tion of the data shows the average weight of all the hearts to he 
ia ft- usually considered in the hypertension group 

“f weights of the entire group approximate the weights 

coronary sclerosis alone (Chart 3). The patients with se- 
th ^^^lure weigh approximately the same as those with mild heart failure 
ftdjj no evidence of heart failure. There is little convincing evidence 

tropj^y ®tudy that chronic congestive failure might produce cardiac hyper- 



1246 


THE JOURNAL OP LABORATORY AND CLIXIC.VL SIEDICIXE 


MYOCARDIAL FIBROSIS 


From an anatomic viewpoint one might observe the influence of “myo- 
cardial injury ’ ’ by noting the effect of myocardial fibrosis on the heart iveiglits. 
Fiftj'-seven patients have been classified in Cliart 5 as to their degree of myo- 
cardial fibrosis and heart weights — all other possible causes of increased heart 
weight have been excluded after a careful study of the clinical records and 
examination of both the gross and microscopic specimens. It is surprising that 
male hearts with grade IV fibrosis weigh less than those with grade I. The hearts 
with grade III fibrosis also weigh less than those with grade II fibrosis. Con- 
sideration of the data in regard to tlie male specimens would indicate that in the 
presence of myocardial damage the average weight is about equal to that of a 
normal heart. In the same chart the average weight of the female specimens 
increased as the myocardial fibrosis became more severe. The material pre- 
sented adds no support to the theory tliat myocardial injury will produce cardiac 
hy-pertrophy. 



Chart 5. — Relation of myocardial fibrosis to hypertroplU • 


In this study only 25 persons were found to have thrombosed eoi on 
arteries. Since the majority of these were found to have gross oi 
evidence of hypertension, the number is too small to reach any cone usio 
regard to the relation of thrombi and cardiac hy^pertrophy. 

The data in this material were examined by statistical methods. - 
son of the average weights was shoum to be sufficiently' accurate m a 
tliis kind. 


DISCUSSION 

A total of 411 cases of coronary' sclerosis were studied. An atte^ 
made- to correlate the heart weight Avith the degree of coronai-y 
cardial damage,” and congesthm failure present. Practically a ^gj^ht 

found it difficult to explain satisfactorily tiie ohserA-ed increase 
in a small percentage of the specimens seen at post mortem. Foi ^ 
gi-oup, several investigators have suggested that an injured my oeai i 
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the stimnlus that results in subsequent hypertrophy. Air obvious cause of such 
injury ivould likely bo decreased blood supply due to coronary sclerosis. This 
tteoiy has received support by competent observers who have frequently noted 
seven coronary sclerosis as the only obvious explanation of the increased heart 
TOjht. In addition to the presence of disiurhed nutrition, Davis and Blum- 
gart' have presented some evidence to show that clironic congestive failure may 
bc associated witli liyportropliied hearts. 

In contrast to these views other workers have failed to observe any evidence 
of increased heart weiglit due to coronary disease that might produce ischemia 
or myocardial injury. Tlio usual belief is tliat adequate iilood supply is neces- 
sary for any muscle hypertrophy. These investigators also found a close correla- 
fion between cardiac hypertrophy and hypertension. 

To study the effect of ischemia on hypertrophy tlic hearts were separated 
into various grades of coronary sclerosis, and the average heart weight was de- 
teimincil in the various groups. No correlation was noted between the degree 
of sdcwvis present and the heart weiglit at post mortem. It was found that 
lypertension was the usual cause of the increased weight and that those pa- 
tieals with coronary sclerosis alone as the explanation of the heart weight could 
not be placed in the hjqicrtrophied group. 

Byster*' ’ presented e.vporiincntal hypertrophy in dogs h.v producing dilata- 
tion of the ventricle by means of an experimental valve defect or aortic stenosis. 
HsTerttophy followed the stvctching of the muscle fibers. The hypertrophy was 
considered a reaction to the "myocardial damage.” Similarly, others have 
nasoned that the increased diastolic volume in a failing heart may result in 
slretehing the muscle fibers and tliorchy result in hj-pertrophy. 

The effect of chronic congestive failure on heart weight was studied by 
comparing the average weight of the cases with no heart failure, mild failure, 
and severe failure. After eliminating all other factors, those patients ndthout 
carl failure were found to be equal in weight to those with severe failure. There 
^as little evidence that the presence of heart failure would intluonce the heart 

imght. 


lo approach the injury thesis from another viewpoint the weights 
° 0 hearts with various degrees of myocardial fihro.sis were compared. It 

rra? assumed that the amount of fihrosis present was some index of the myo- 
Ih '’'h'ry. If HjQ injury tliesis is correct, it is reasonable to assume that 
earfs with severe fihrosis would he larger than those with mild degree of 
"nTif" study there is no correlation between the degree of fihrosis 

t observed heart weight. 


CONCOUSIONS 

Vnj' “™cage weight of 411 hearts and the degree of coronary sclerosis 

compared. 

tt. I ' ’>0 correlation between the degree of coronary sclerosis and 

heart weight, 

Na was the usual explanation of the increased heart weight, 

^ relationship between, coronary sclerosis and hypertension was noted. 
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4. The hearts with no heart failure were found to weigh approximafelv 
the same as those with chronic congestive heart failure. 

5. No evidence was found to support tlie concept that myocardial fitrofis 
may produce cardiac hypertrophy. 
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DISSECTING ANEURYSM OF THE AORTA*" 

A SuMMARi OF Clinical Syndrome and Pathology Together AYith Report 
OF A Case Shoiving Unusual Pathologic Features 

Frederick Mh ATehaus, JI.D., and YUllis D. Y^right, M.D., Omaha, Keb. 

INURING the last decade many cases of dissecting aneurysm have been re- 
ported. Several comprehensive reviews^ i’' have appeared in the Htera- 
Pire describing the pathology^'’- w, ir clinical features.^- ^ YRth tin's 

interest in the subject the number of cases diagnosed ante mortem, and cor- 
roborated by autopsy, has greatly increased. 

These eases have been so well described and carefully studied pathologieaii.' 
and clinically that it seems superfluous to record another case, unless new fcR' 
tures have been observed. Our case herein described presents some nnnsna 
features. Deep longitudinal grooves of the ascending and the ti'ansvevse arei 
of the aoita, causing narrowing of the isthmus, are mentioned only in one 
other case, which was reported by Klotz and Simpson.® Our case contributes 
clinically to the evaluation of the eleetroeardiogram in dissecting aneurysm. 


*Prom Medical Department, University of Nebraska College of Medicine, Omaha. 
Kcceived for publication, April 18, 1940. 
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REPORT OF CASE 

Sisiorif. — W. Me., a negro porter, aged -19 years, was seized by a sudden severe pain 
oa November 2, 1937, at 7 P.M., while standing on a depot platfoim waiting for passengers 
to board a train. At this stop no passengers left or entered the train, so that he had no 
baggage to carry. The only exertion immediately prior to the onset of the pain consisted 
of cariring a small stool such as is usually placed at the foot of passenger car stcjis. 

Pain . — The onset was ven* sudden .'ind extremely severe, lie was prostrated and “broke 
out in a cold sweat.’* Ho was put to bed in a berth. 

At the onset the pain radiated to his neck and jaws, then seemed to penetrate to his 
back in the lower thoracic region, then radiated downward to the lumbar region and the 
backs of his thighs as far as hia knees. In about an hour the pain localized in his upper 
abdomen. At 11 P.st. he was mot at the train by one of us (IV. D. M’.) and immediately 
sent to a hospital. The pain at this time was localized in the epigastrium and the lower 
sternal region, radiating to the intcrscapular region and along botli costal margins, being 
more marked toward the right side. The pain persisted at this site until death occurred, 
tffenty-one hours after the onset. The severity remained intense in sjiite of the liberal use 
of morphine. 




; — c. c c c e'e 
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‘-Hectrocaraiogram 


showing inverted Tj and Tj and depressed S-T segment and absent 
Q in Load IV. 


t>>“ pulse rate was sixty per minute, the blood pressure was 
'plpslric ' diastolic. He liad not vomited, but was moderately distended. Tlio 

was marked tenderness with some muscle spasticity of 
aest abdominal quadrant, stimulating upper abdominal disease. 

® pain remained localized in tlie epigastrium, still very severe, 

^PPtaiiDg to showed a robust, obese negro, weighing about 200 pounds, 

'^^einoderat j and in agony. His face was suffused and veins of hig neck 

^gbt aud ^ ^ There was only a slight respiratory diflBculty. The pupils reacted 

1 size. The lungs showed no change of density or rules anteriorly 

On account of his critical condition it was not deemed advisable to turn him. 
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lieart sliowecl the apex in the anterior axillary line in the fifth interspace. There was 
an extension of dullness to the left in the third interspace. The rhythm ivas tegular The 
puse rate was 100 per imnute. There was a definite protodiastolic gallop rhjHi and a 
di.vstohc mnrnnir at the aortic area and along left sternal border. The cpiLtrium and the 

„ht nppei Abdomiiial quadrant were tender and moderately spastic. Tlie blood pressure 
was systolic 140 and diastolic 100. pressure 

IJiinalysis: Tiie urine was acid and had a specific gravity of 1.037. It showed albumin 
” ’ w T ^^'"“scopic examination revealed numerous pus cdl.e. 

Tim hemoglobin was 15.6 Gm., erythrocytes were 4,700,000 and leueocyfea 9,000. 

T le differential count siiowed segmented cells 51 per cent, staff ceils 14 per cent, lymphocytes 
.-0 per cent, and monocytes 5 per cent. The icteric index was G. The sedimentation rate 
■ .So mm. in one liour. The blood Wassermann reaction was negative. 

An electrocardiogram (Pig. 1 ) taken at 8:30 A.ji. on November 3, 1937, showed evi- 
V *^^1 thrombosis. The clinical picture, wiiile atypical, indicated a circulatory 

SOT er. ogether these seemed to justify' the diagno.sis of coronary occlusion. The patient's 
con ition remained unchanged until 4 p.m. (twenty'-one hours after on.set) wlien he suddenlv 
died while taking a drink of water. 

The following findings ivero available from the company' 's records of periodic examiua- 
ticns made by Dr. L. Chaffin of Los Angeles. 

showed ^a’trace^o^/albumffi*^ pressure 122/S5, tVassermann 4+. Urine 


Feb. 15,^1924:^ yVeigUt 201Vk pounds. Blood pressure 130/SO. 

1 arc i 15, 1925: 'Weiglit 206i/^ pounds. Blood pressure 135/78. Faint trace of albu- 
min was present in urine. 

Jan, 12, 1932: Weiglit 220 pounds. Blood pressure 230/140. Urine negative. 

an, 15, 1933: Weigbt 213 pounds. Blood pressure 226/124. Urine negative, heft 
side of lieart enlarged. 

Jan. 9, 1934: Weight 215 pounds. Blood pressure 210/124. Urine negative. Teeth 
carious. Left side of heart enlarged. No murmurs. Varicose ulcer on left leg. 

ug. 22, 1933 to Feb. 2, 1934; Disabled on account of varicose ulcer on left leg. 

an. 28, 1933: Weight 215 pounds. Blood pressure 200/120. Varicose ulcer healed, 
urine negative. 

210 pounds. Blood pressure 200/130. Urine; specific gravity 
I.lLO, albumin 2-f, sugar negative. Varicose veins on left leg. 

Antopsi / — Tlie autopsy performed by Dr. A, S. Bubnita showed the following sig- 
ni leant findings. Tiie pericardial sac was widely distended, containing about 1,000 o.c. of 
c ot e lood. After removing this, a large aubpeneardial liomatoma enveloped the origin o! 
the aorta, the pulmonary artery, and the right auricle. The aorta showed irregular triangu- 
lar rupture (Fig, 2) 1.5 cm, in length, about 2.3 cm. above the aortic valve ring. This 
was located on the right lateral surface, slightly anteriorly, and extended through the infima 
an a out four-fifths of the media. From the site of this rupture the blood had buirowei 
toward the heart, involving almost all the circumference of the aorta, and thence exteade 
Bubpencardially over the surface of right auricle as described. The site of rupture through 
the visceral pericardium could not be demonstrated. The intramural hematoma extended 
distally from the site of the rupture along the ascending, the transverse, and the descending 
arch of the aorta, terminating at the level of the fourth thoracic vertebra- The e-xtent oI 
the eireumference dissected varied from about one-half at the site of the rupture to one- 
fourth at its termination. Tlie aorta minimal arteriosclerotic changes. The ascen 

arch shows small slightly elevated y-ellowish plaques, the largest being not over 3 mm- < 
There was no gross evidence of mesaortites. At the site of rupture tlie aortic wall 
no further defects. The torn edge showed a normal thickness of media and a mmini- 
intimal thickening. At the juncture of the ascending and the transverse arch of the aorta 
there were four or five peculiar longitudinal grooves (Fig. 3), measuring 1.5 cm. in diamo CD 
these reduced the size of the lumen of the aorta considerably. Beyond this the arch wi cs 
to what appeared to be a normal diameter. The size of the intimal arteriosclerotic plafiu^^ 
increased in size (0.5 cm.), and were more numerous in the lower thoracic and the 
aorta. However, throughout the entire length of the aorta there were no .atheromatous u 
or calcified plaques. 
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The left ventricle of the heart was moderately hypertrophictl. The right side of the 
heart vras dilated. There was no thickening, retraction, or sclerosis of any of the heart 
Takes. In view of the fact that syphilis has been considered ns an etiologic factor in rup- 
ture of the aorta, it is particularly noteworthy that in this case the aortic ring was not 
witlened, the aortic cu-^ps ncre soft, thin, and free from fibrotic changes or retractions. 



I'le. 2. — Photograph showing site of aortic rupture and folds in aorta. 


to their t presented no narrowing of orifices. The branches were opened 

there it There was no thrombus or narrowing of the lumen. In a few places 

8tous ^ lotimal thickening appearing as subintimal yellow plaques, but no athcrom- 
’^rger calcification were present. There was a moderate tortuosity of the 

^srhed coronary arteries on the surface of the myocardium. Lungs showed 

'“I few small cysts. The other organs .showed no signifl. 

Professor of Pnihology at University of Nehraska, reported the 
'■'^olrod examination of the aortic wall: Sections were cut hotli through the 

ao ^ ''■hat appeared to be an intact portion of the vessel. The latter section 

Ending change, whereas the former revealed a zone of necrosis of the media, ex- 

pJt ‘distance as a narrow band, but widening centrally, and disrupted in the 
nca extent that the vasa vasorum could be distinguished, these were intact, 

ifoper. Proximity to the diseased area. None could be found in the necrotic portions 
cinorrhage was noted in the gap where disruption of the w’all occurred. 
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PATHOLOGY OF DISSECTING ANEURYSMS OF AORTA 

Recent authors® generally do not consider syphilis as an etiologic factor. 
Klotz and Simpson® logically state that a granulomatous inflammatory process 
like syphilis would tend to weld the lamellae more closely together, so that “the 
wall would split less easily into its anatomic layers.” Onr patient showed a 
negative Wassermann at the time of this attack, the aortic wall showed no gross 
or microscopic evidence of sypliilis, and the aortic cusps w^ere entirely normal. 
In spite of the fact that this patient had a I’eeord of a four-plus "Wassermann 
reaction of the blood in 1923, there was no evidence of a S3"philitic process in 
the aorta at the time of autopsy. 



Fig. 3. — ^Drawing sliowing: I, Kupture of aortic ■wall; II, Q.jflce of RC coto - 

rowed the lumen of the aorta . ; III, orifice of right coronary artery; ana iv, 
nary arten^. 


Changes in the media mentioned by Gsell,'® described by Eid eini 
idiopathic cjsiic medial necrosis, and elaborated by Moritz,^' are aceep 
the characteristic lesion. This is described as “small areas of 
peculiar hyalinized vacuoles in the media,” showing “no 
reparative process.” These form “peculiar cystic spaces 
fibers.” The vasa vasorum may rupture into these spaces, forming a 
which splits the layers of the media. These may rupture the 
gj.jjy.io prohahlj’- primaiy rupture through the intima usually 

Tears nearly always occur in the ascending arch of the aorta. JJisscc 
occurs between middle and outer thh'ds of the wall, and invo ves on ^ 
one-lialf of the circumference of the aorta. This dissection may a 

tlie heart, entering the pericardial sac and surrounding part o t le ‘ 
hematoma ; it may interfere with the coronary circulation, an na ^gurse, 
by rupture into the pericardial sac.® Onr case is an examp e o 
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^vhich explains some of the symptoms and the clcctrocardiograpliic findings. 
Others* have described rupture into the mcdiastiiuim, pleural cavity, or abdomen. 
This channel may re-enter the aorta forming a “double barreled” aorta. 

The dissection produces decided effects on the vessels originating directly 
from the aorta* and may result in (a) severance as in the case of the inter- 
costal arteries, (b) partial or rarely complete obstruction by the hematoma, (c) 
extension of the dissection along the larger hranehes such as the renal vessels, 
or (d) disruption of the periarterial syinpalhctic plexus resulting in a spon- 
taneous periarterial syraiiathcctomy.^ These -would xiroduce bizarre vascular 
and neurologic symptoms and signs, such as changes in tlic pulse, paresthesia, 
h 3 -peresthcsia, anesthesia, or iiaralysis. Death occurs hy rupture of the sac of 
the hematoma into a cavity, and very rarely hy cardiac failure. 

Tahi.e i 


FEMunns 


niSSKCl’lNO ANHUaYSM OP AOItTA 


COKONAUY THUOMDOSIS 


Onset 

Paitt 

(a) Character 
(h) Radiation 

(c) Duration 
Syncope 
Shock 

Fcrer 

Ifacocytosis 

Pulses 

Itypcrtonsion 


Pericarditis 

P^a'totic murmur 
pmaturia 
A raj* 

Bffiroeatcliogram 

^'curologic 


(1) Sutldcu 

(1) Siiihlcn 

(2) tVith oxertinn 

(2) Usually at rest 

Extroniclv severe, tcnnng 

Severe 

Widespread, chest, alxlomcn back thighs; 

Client, neck, arms usually 

arms rarolv 


Minutes to dava 

Hours to days 

Frequent 

Bare 

Frequent with normal, or elevate*! hlood 

Frequent with low blood pres- 

pressure i 

sure 

Moderate 

Low 

JCodcratc 

Low 

Often unequal, mav bo decreased or iu- 

U.*‘UallY equal 

creased 

Usually present or hi.storv of such; luav 

With attack usually low, may 

vary in two arms 

or may not be history of 

None 

such; same both arms 
Pericardial friction rub present 

Important sign 

at times 

Not related to condition 

^lay be present 

None 

Ueformity of aorta, rapidly increasing 

Probable changes of heart size 

in size 

ami shape 

If negative, important finding^ 

Usually presents typical elec- 

Bizarre, parcstliG.sia, anesthesia, hvpercs- 

trocardiograin 

Usually abs?cnt; when present 

thosia, paralysis from circulatory in- 

due to emboli 

ference 


Extremely high if cardiac taniponage 

High with congestive failure 


o^f peculiar longitudinal grooves (Fig. 3) involving the distal 

'’’erc^ proximal part of the transverse arch of the aorta 

reduced the size (1.5 cm.) of the lumen con- 
*he firs/’ f^^oreby may have caused an increase of pressure with systole in 
honed • ascending aorta. These grooves liave hitherto been men- 

oilier case, wliich was reported by Ivlotz and Simpson.*’ Tlie 


'^’as not thickened between these grooves. They give the impression 
''ofe th ^ decrease of substance in the aortic wall, as if the grooves 

^hcroseo^ intimal surface of subjacent longitudinal vacuoles, 

'"{■dial ^^^^’^ination of the wall of the aorta hy Eggers showed the typical 
^'aiiges described by Erdheim.« 
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CLINICAL MANIFESTATIONS 

The symptoms and signs of a dissecting aneiirj^sm have been clarified by ' 
extensive and thorough study of the pathology, so that a clinical syndrome can ; 
be synthetized. 

1. The onset is usually sudden and violent.® 

2. The pain is extremely severe and agonizing,® described as having a tear- 
ing quality, accompanied by a sense of annihilation. A few persons are re- ' 
ported who suffered no pain during the illness."' ” 

3. The duration of the pain is from minutes to days. 

4. The radiation of the pain is widespread and bizarre. It usually begins in 
the anterior part of the thorax, spreading to the neck, to the back in the thoracic, 
the lumbar, or the sacral regions, to the thighs or to the upper part of the 
abdomen. Radiation of pain to the arms rarely occurs, but when present, it b 
felt on the outer surface of the arms.'' 

5. Syncope^ and shock occur in nearly all cases. Shock in this condition, 

is frequently not accompanied by the usual drop in the blood pressure. Nausea 
and vomiting are common. _ 

6. Fever and leucocytosis of a moderately high degree are present in most ^ 
cases. 

7. Circulatory phenomena.' 

(a) The periphei’al pulses may be altered. The dissection of the layers 
of the aorta and resultant hematoma may partially obstruct tic v 
branches leaving the aorta, resulting in a diminution of pulse tension ^ 
and volume in this vessel. The degree varies from a slight decrease - 
to almost complete obliteration. In the case of an extremity this ^ > 
in varying degrees of numbness, coldness, and wcalcness. The pu sa i® 
may, however, be increased, if the dissection extends onto the 

ing vessel, thereby producing a spontaneous periarterial^ sjmipa .i 
tomy.'T This mechanism may have an influence in maintaining 
mal pressure in the presence of systemic signs of shock. In t le ca 
the renal vessels and kidneys, this circulatoiy disturbance may ® 
hematuria.®' ^ 

(b) Hypertension is usually present, although a number of ;; 

recorded with the presence and the history of a norma oo 
sure.®’ ®® There may be an inequality of pressure in the arms. ,, 

(c) A diastolic aortic murmur'"® has frequently been repoite ■ 

burger and Ferris record the development of such a '<i; 

their observation of a case of dissecting aneurysm. ^ This mu 
distinctly evident in our patient. Such a finding is not acco 

by the peripheral signs of aortic regurgitation. _ pj.,,. A 

(d) A hematoma in the mediastinum or blood in the pericai <• 

duce signs of cardiac tamponage, with widely distende 

and a very high venous pressure, as was present m o of 

autopsy this was accounted for by the presence of a arge 

blood in the pericardial sac. _ qiipracardi®® 

(e) Roentgenologic signs'® consist of a defoi’mity of m ,, 

shadow, or of the aorta, which may rapidly increase m si- 
shadow pulsates, it is a particularly reliable sign. 
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(f) The electrocardiogram'^ is frequently not modified, but cardad dissec- 
tion of the aneurysm may disturb tlic coronary circulation sufficiently 
to produce an electrocardiogram, indicating a coronary obstruction.*^ 
This was exemplified in our case (Fig. 19). 

NEUROI.OOIC SIGNS 

Hemiplegia may be caused by dissection extending cephalad along the 
left carotid artery, thereby obstructing this vessel. 

Bizarre neurologic symptoms, such as paresthesia, anesthesia, hyper- 
esthesia, or even paralysis, may result from circulatory interference to the ex- 
tremities or other parts. As previously mentioned, tlic intercostal vessels may 
he torn from the aorta. Even larger vessels may be torn from their site of 
origin or the dissection extending along their walls with hematoma formation 
may more or less ohslriiet their lumina. Increased heat of an extremity may 
he produced by spontaneous periarterial sympathectomy as already mentioned. 


DUTERCNTIAI. DIAGNOSIS 

The onset and course of a dissecting aneurysm of llie aorta and coronary 
thrombosis present many common features. An attempt at differentiation is 
shoTO in Table I, 

SUMMARY 

1- A case of dissecting aneurysm of the aorta, showing peculiar longitudinal 
grooves of the isthmus, is presented. 

2. A synthesis of a clinical syndi'ome is attem])tcd from the pathology, symp- 
toms, and signs. 
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sulfapyeidine overdosage— antidotal actior of 

HYPNOTICS IN ANIMALS^ 


With a Note on Suleathiazole 


Richard Kohn Richards, IM.D., North Chicago, III. 


shleapyridike 

nPHE fiist reports on the toxicity of snlfapyridine in experimental animals 

by ^\ien^ seem to indicate a lower toxicity of this drug as compared iviih 
sulfanilamide. However, subsequent studies, particularly by Hai-sliall, Bratton, 
and Litchfield,^ have shoivu that the incomplete absorption due to the low solu- 
bility of snlfapyridine is responsible for the alleged lower toxicity. If this factor 
is taken into consideration, sulfapyi-idine is actually somewhat more toxic than 
sulfanilamide. jHarshall and Long^ have described the acute toxic effects follow- 
ing the intravenous injection of sodium sulfapju'idine in rabbits and dogs. 
Their results have been entirety confirmed in experiments conducted in our 
laboratory. 

The well-Iaiown serious complications which may follow sulfapyridinc 
treatment, as hemolytic anemia, agranulocjdosis, jaundice, etc., call for par- 
ticular care in the use of this drug, but fortunately are rare. Vertigo, nausea, 
and vomiting are less dangerous, but are still very annoying side actions of th® 
sulfapj’ridine treatment and occur much more freqrrently. In tlie following, 
an attempt was made to approach experimentally the possibility of alleviat- 
ing these symptoms. 

Experiments in Eahbits. — In order to secirre clear-crrt results with respect 
to toxic effects and their possible management, we have used in all experiments 
the intravenous injection of a 20 per cent sodium sulfap 3 ’ridine solution. Sucii 
a solution has a pH of 10 or 11 and a high titrable alkalinity. One and one- 
half to two minutes were alwav's consumed in administering the total dose. 
and female rabbits, weighing approximatety 3 to 5 pounds, were used. Vliiic 
500 mg. per kilogram regularlj*' produced commlsions, 800 mg. per kilogiuin 
were fatal in 70 per cent of the animals. A total of 1,000 mg. per Irilogi'U'u 
always caused death from secondary depression or pulmonary edema after con 
vulsions. A total of 1,200 mg. per kilogram killed the animals within a feu- 
minutes following violent tonic or clonic convulsions. Thus, the pictru'c of t 
acute poisoning presented itself as an initial marked stimulation, quicklv fo- 
lowed by depression of the central nervous sj-stem. The convulsions were o 
spontaneous type, and could not be provoked as a reflex to stimulation; m mb 
respect they resembled picrotoxin con-vulsions. This observation suggested t m 
they might be combated by means of hj^pnoties. 

•From the Abbott Laboratories. North Chicago. 
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Urctlianc was used in the first experiments. Tlic minimum lij-pnotic dose 
tor rabbits is 500 in", per kilogram of thi.s (Irng intravenously. The JI.L.D. 
lies between 1,700 and 1,800 mg. ])er kilogram. The urethane was injected 
intravciionsly as a 25 per cent .solution mixed with 1,000 mg. per kilogram of 
siilfapyridine. This amount of sulfapyridiiie alone would kill 100 per cent of 
the animals. The results obtained with varying amounts of urethane combined 
with this dose of sulfapyridine can be seen in Fig. 1 in the form of a dose mox’- 
lality curve representing data on 35 animals. The mortality is zero with the 
use of 150 mg. per kilogram of urethane, an amount which, by itself, has no 
noticeable influence on a normal rabbit. In combination with sulfapyridine 



fee si' twitching or occasional convulsions, but all six animals on this 
'‘''teas®"'-'* fepresents the optimal antidotal effect, since the mortality 

Ike proT r'**' larger or smaller nrcthane dose. With smaller doses, 

•le com'*] ‘"'gainst the convulsions is insufficient ; with larger doses, 

''wtiialbT''^ disappear but a general depression quickly develops which leads 
^ fespiratory paralysis. This death from depression occurs with 
'"'t a W’hich are innocuous to the normal animal, and seem to repre- 

PV li'a depressant urethane effect and the second, depressant 

M^sulfapyridine action. 

’•"thane™''** *"'**dote 1,200 mg. per kilogram of sulfapyridine with a single 

’^’•••“S hnsuccessful. Repeated urethane injections, when made 

life state of the sulfapviddine poisoning, occasionally saved 

the animals. 
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rt IS Avellknown that barbitcu-ates are particularly effective in sin))>res.siiP 
eonvulsion,s. The antidotal effect of sodium pcntobarbitar(nonilHitai CS 
apyridme convulsions ^vas, therefore, studied in a similar way. In rabbii 
mg^ per aJogram intravenously is the minimum hypnotic dose for nembutal 
and 45 mg. per kilogram the L.D. 50. Mixtures of different amounts of this 

iiHrn ^ T of sulfapyridine were injected 

utiaienously. The results on 48 animals are given in Pig. 2. In general, tlic 

effect IS sunilar to that of urethane, but a definite antidotal action is present 
even against the extremely high dose of 1,200 mg. per kilogram of .snlfa- 



WEM.e>UTAU, MG-./h^G. 

«. I?7traveiious injection of sulfapyridine and pentobarbital socUum in rabbits. 

— 1.200 nig. per' kilogriim of sulfapyridine. 

' ~ _ 1.000 mg. per kilogram of sulfapyridine. . . 


pyiidiiie. These curves also show an oiitimiim antidotal effect at the i’**’ 
hsTinotic dose level of 10 mg. per kilogram. Smaller doses are unable to pff 
vent convulsions, and larger ones, which are tolerated by normal animuis, lca< 
to lespiratory paralysis. Finally, we conducted experiments using ou!> 
mg. per kilogram of sulfapyridine in order to see lioiv high the dose of nerubiitd 
could be raised ivitliout producing cunmlativc depression. The maximimi 
of nembutal ■^vhich could be tolerated under these circumstances was 10 ni^ 
per kilogram ; therefore, -with ilioderately high doses of sulfapyridine 
ieity of nemliutal is not significantly enhanced. 

The effect of large doses (1 to 3 Gm. per kilogram) of socliimi hiawbh 
given orally on the convulsive action of 1,000 or 1,200 mg. ]ier kilogram ot sii^ 
fapyridine injected one-half hour later was also studied. Ileal !i could be 
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vented only rarely, though the fatal outcome Avas soinewliat delayed. Iiitva- 
Tcnons injection of magnesium sulfate (25 to 150 mg. per kilogram) or pre- 
medication with 35 mg. per kilogram of morphine subcutaneously were ineffective. 

Experiments on Dogs , — ^AVhile rabbits lend themselves only to the study of 
the more violent reactions, dog.s show symptoms of sulfapyridinc intoxication 
more like those seen in man. After the injection of 400 mg. per kilogram, un- 
steadiness of gait, signs of subjective discomfort, and repeated vomiting, fre- 
quently accompanied by virination and defecation were the rule. Twitching 
and, occasionally, convulsions developed. Convulsions were alwa.vs ])resent with 
500 mg. per kilogram. Of 9 animals 2 died folloAving this dose. Attempts to 
prevent the vomiting by tlic injection of 3 to- 5 mg. of atropine .sulfate fifteen 
minntes before the sulfapyridinc proved to he entirely ineffective. Nembutal 
rras added to the sodium sulfnpyi‘idine in varying amounts. Tlic results arc 
summarized in Table T. Ordinarily 15 ing. per kilogram is tlie minimum 
hypnotic dose, while 50 mg. per kilogram is the JI.L.D. 50 of this barbiturate. 


Tablc I 

PODrUM SULFAPYRIDINR AND SODtUM PENTOll-VRmTAL (NEMnUTAl.) INTR WENOV’SLY IN DOOS 


CmiNT 

KO. 

SODIUM 

SULTA- 

PTRIDINE 

UO./KG. 

SODIUM 

PENTO- 

BARBITAL 

(NEM- 

BUTAL) 

mq./ko. 

NO. OF 
DOCS 

NO. 

SURVIVED 

! 

REMARKS 

1 

400 


2 

2 

Un«5tefuliness of gait, vomiting, 
ilofccRting, convulsions- 


•100 . 1 

5 

2 

2 

Atactic, vomiting, no convulsions 
Shgiitly atfictic, tlien relaxed. Two 
slept 

Atfictic, rostlc.«i>, later quiet 


400 ■ 

10 


3 

i 

0 

400 

• 15 

1 

1 

400 

;i0 ’ ' 

(> 

o 

Sleep 


400 

33 

o 

2 

Sleep 


400 • 

• 40 

4 

O 

One died of pulmonary edema, one 
of respiratory paialysis 

9 

400 ■ 

50 

3* 

2 

One died of re-spiratory paralysis 

500 

- 

9 

7 

Symptoms as under (1) but more 
severe 


500 

10 

1 

1 

Atactic, vomiting 



20 

1 

1 

Light sleep 


to 15^ ^ ^ prevent convulsions but not vomiting, wliile 10 

the tr"' suppress not only the convulsions but also vomiting and 

'nto" subjective discomfort. The dogs quieted down or even went 

sbee^ sleep. The-seiisitivity to nembutal appears to bo sliglitly increased, 
ciarc^ kilogram of nembutal wliieh is usually well tolerated 

^C‘'*ths in conjunction with sulfapyridinc. The increase of tlie sul- 
necessitates a somewhat larger dose of 
pi'cvcnt toxic symptoms. Dogs in Avhich convulsions had developed 
t’OJi of ^ of sulfa])yridinc could he caused to sleep l)y the injec- 

^ amount of the barliiturate. These animals recovered promptly. 

I>ISCIJS.S10N OF RESULTS 

curves of sulfapyridine in combination with either urethane 
^ rabliits seem to support the assumption that sulfapyridine has a 




1260 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


biphasie action upon the central nervous system. If a hypnotic is given in a 
dose high enough to prevent convulsions, the animal can survive this first stage 
of the sulfapyridine effect. It seems, however, that the convulsive and the de- 
pressant actions overlap to some extent, since a relatively small increase in the 
dose of the hypnotic rapidly brings about a summation of the depressant com- 
ponent. It is of particular interest to note that with nembutal, and especially 
urethane, subhypnotic doses are the safest and most effective. 

If it is true that secondary death in depression is due to a combined action 
of the barhiturate and sulfapyridine, it should be possible to prevent these hy the 
use of an analeptic. We have tried to prove the correctness of this assumption 
experimentally. It is known that the intravenous injection of pierotoxin is fol- 
lowed by its tj^iical stimulating effect only after a latent period of a few min- 
utes. jilaking use of this property, we have injected rabbits intravenously with 
1,200 mg. per kilogram of sulfapyridine and added doses of nembutal sufficiently 
large to cause deaths when so combined with sulfapyridine. Pierotoxin in doses 
of 1 to 1.5 mg. was added to this mixtui'e. None of four animals receiving 
mixture of 1,200 mg. per kilogram of sulfapyridine, 30 mg. per kilogram of 
nembutal and 1.5 mg. per kilogimm of pierotoxin died. But, as can be seen 
from Fig. 2, all animals died if no pierotoxin is added to such a mixture. 
Similarly, 2 of 3 animals surrived when the sulfapyridine was mixed with 2a 
mg. per kilogram of nembutal and 1 mg. per Idlogram of pierotoxin. None o 
these animals showed eonvuilsions and all recovered promptly from what ap- 
peared to be a pure nembutal sleep. This experiment seems to give furt er 


support to the theory of a biphasie action of sulfapyridine. • . 

AdrianP has recently published experiments in which he tested the ' ' 
of the different anesthetics on rats which were pretreated with veiy high oslS 
of sulfanilamide for three days. He found that while volatile and gaseous 
anesthetics, as well as avertin, were tolerated as well as they are by noima am 
mals, the barbituates became anesthetic in subanesthetic doses and ot ia 
anesthetic doses. We repeated these experiments in rabbits and obtaine simi 
results, provided very high doses of sulfanilamide were used (1,500 m„. 
kilogram daily for three days). However, with moderately large doses o 
fapyridine (700 mg. per kilogram) in rabbits only a veiy slight • 


.... ........... . - expcri* 

of nembutal toxicitv occurred, and this was also true for dogs, u - 

’ we studicn 


ments are, of course, only partly comparable with Adriani’s, ^ince ® ^ 


only the acute effects of single doses. In this connection, it is inteicstWr 


note that W. L. hi. Kuig® has been unable to find undesirable depression 


ordinary' sedative doses of barbiturates in pneumonia patients 


fapyridine or sulfanilamide. We believe that the experimental lesii ts 
in this publication justify the trial of sedatives in small doses in 
ivith sulfapyridine to alleviate irritating side effects of this drag upon 


tral nervous system. 


SUXIM.VKY 

1. Heath from intravenous lethal doses of sodium sulfapyridine 
and dogs occui's during or after violent tonic or clonic convulsions, 

2. Small doses of hy'pnotics, such as urethane or nembuta , can 
convulsions and save life. 
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3. Subliypnotic doses of tlio urctlmnc or nembutal arc most effective; larger 
(loses may cause death by adding to the secondary depressant action of sul- 
fapyridine. Picrotoxin can overcome the effect of this summation. 

4. Ilestlc.ssness, nausea, and vomiting following large doses of sodium sul- 
fapjTidinc in dogs can be completely eliminated by subhypnotic doses of 
nembutal. 

5. The possibility of applying these observations to the alleviation of irri- 
tating side actions of sulfapyridinc in man is discussed. 
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Addekdum.^ — A fter this paper was completed, corresponding work was done with sodium 
ft was found that the lethal dose for dogs by intravenous injection lies between 
and 1,000 log, per kilogram. Thus it is less toxic than sodium sulfapyridine. We noticed, 
absence of convulsions with doses below 800 nig. per kilogram, while sulfapyridine 
pr Qcea them with 300 mg. per kilogram. However, vomiting was observed with doses as low as 
^ aig- per kilogram and in this respect it is more toxic than sodium sulfapyridine in dogs. On 
mlf" repoTts indicate a lower incidence ol nausea and vemiting with 

a aiole. Encouraged by our results with nembutal in combating vomiting in dogs fol- 
^**8 sulfapyridine injection, wo used this barbiturate also in combination with sodium 
. * following the same technique as described above. Our optimal results were 
aiued if 20 mg. per kilogram of nembutal wore injected intravenously simultaneously with 
^ ®8' per kilogram of sodium sulfathiazole. Three animals were used and all slept. No 
levels of 200 to 500 mg. per kilogram of sodium sulfathiazole 
slwut I'ilogram of nembutal wc succeeded in sup[)rcssing tlic vomitmg in 

pr «« Ihe cases and decreasing its frequency in the other half without undue do- 

^ ^^'‘P'^'^tion, Tims, principally, nembutal appears to e.xert tlie same effect in coni' 

witli sodium sulfathiazole as reported above with sodium sulfapj ridme. 


EECURRENCE IN PNEUMONIA 


A Case Report 


James M. Ruegsegger, IM.D., and Sarah Louise Cockrell, M.D. 

Cincinnati, Ohio 


R 


ECOVERY from pneiimococeie pneiunonia is usually associated inth the 
appearance of specific antibodies in the patient’s blood stream. The im- 
munity thus produced is not predictable either in duration or in amount, as 
adjudged by the conventional units ; and despite this temporary immunitj re- 
current attacks are more frequent in this than in any other acute infectious 
disease. It has even been suggested that one attack of pneumonia piedisposes 
another. The high historical incidence of previous attacks (20 per cent in our 
experience) tends to support this theoiy. However, if predisposition bears the 
same relation to tjqie specificity as does immimity, a study of the tjTies o 
pneumococci found in recurrent attacks of pneumonia lends the theory no sup 
port. In the four-year period 1935-1939, only four patients have been a mi e 
to the Cincinnati General Hospital with recurrent attacks of pneumonia w 
to an homologous tjqpe of pneumococcus.^ Of these pneumonias, two were uc 
tjTpe I pneumococcus, one to type II, and one to type VIII. 

The influence of the carrier state on recurrences is not knovTi but 
further consideration. Finland and Winlder^ collected a series of 57 cases 
which they concluded that one attack of pneumonia did not confer 
increased resistance against subsequent infections, even though of 
types. (However, second infections rarely occurred within less t lan 
They also found that the duration and mode of termination, the ^ 
the lesions and pneumococcic types were very similar in initial an r ^ 
pneumonias, and that bacteriemia occurred almost as frequently m 
tions as in first. The later infections were found to differ onty m 
namely, that bilateral involvement was twice as frequent, and bronc op 
was encountered chiefly Avith the recurrences. These authors agree 
acquisition of circulating type-specific antibodies and tissue re 

one attack of pneumonia was only a temporary state and di no 


current pneumonia 


In experimental pneumonia of dogs, Coggeshall and Miiel 

that one infection confers increased resistance to a^ second, a resis 
lasts a varjnng niunber of months. This property is demons la e^^ ‘ gumoni: 
that lethal dosages of organisms were used in producing a reeu 
at the site of the previous infection. With second infec ions, 

•From the Department of Internal Medicine, Cincinnati General Ho5p 
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made five days attcr the toi’minatioii of flic disease. If delayed, however, until 
two weeks after recovery, the do" died. After five or six attacks of pneumonia, 
the injection could he delayed three or four months with impunity. Lethal 
dosages injected fifteen to twenty-five days after the last infection into a previ- 
ously uninvolved lobe resulted in death. Even with the greater dosages of 
organism.?, the recurrent infections were milder, and the febrile course was 
hriefer (two to three days). Baeteriemia dropped from 5-1 per cent in primary 
pnemnonias to 5.6 per cent in recurrences. 


In attempting to define the exact mechanism of this increased resistance, 
Coggcshall and Eobertson found the leucocytic response prompt and adequate 
in both primary and recurrent infections. Excess of circulating antipneumo- 
(ocric immune bodies varied greatly, some dogs apparently having none, though 
they recovered from their disease with rapidity. 

The only marked difference that these authors found in primary and recur- 
rent pneumonias was in the microscopic appearance of the lesions. Recurrent 
itsioiui in previously involved areas were invaded early by large numbers 
«f macrophages, such as were found ordinarily in areas of resolution, and the 
pneumococci were found in either greatly diminished numbers or not at all. 
barge concentrations of interalveolar macrophages were to bo found for 
t'e days following recovery; then they gradually diminished until, on the 
Micenth day, they were no longer noticeable. Recurrent infections in previously 
uninvolved areas resembled primary infections produced with nonfatal doses 
wganisras, the macrocytic response occurring later than in the above. 

Briefly, then, Finland and AVinkler from their cases found no evidence of 
increased local or type-specific resistance. Coggcshall and Robertson, on the 
0 er hand, found a characteristic transitory change in the fixed tissue cells 
^nnsistuig of early localization of septal and perivascular cells and the rapid 
i^nppearance of injected organisms. For the period of its stay, this change gave 
Increased resistance against a second infection. 


^ view of the preceding facts, it is interesting to speculate on the relation- 
oE the several illnesses related in the following case report of a patient with 
eiu tj'pe VIII pneumonia associated with meningitis. 


CASE REPORT 

JqIj, I'^^^l^y'six-year-old colored woman, entered the Cincinnati General Hospital 

hliorator ^ roastoldectomy was performed as an emergency operation. The 

T^ratio \ w nonhemolytic gram-positive coccus cultured from tlie swab taken at 

T] ' rdentifieation was not attempted. 

'brt a't", patient was admitted to the Surgical Ward of the same liospital, 

StiMloo™ dene July 15, 1937, to relieve a rectal stricture secondary to lympiio- 

^ostoperatively, the patient developed a pneumonia in the right lower 
'liologj.. ! “ white blood cell count of 23,000. No attempt was made to learn the 

a ''“‘“'“t was symptomatic. A month later (on August 23) x-ray examination 
9 cm., which was interpreted as fluid in the lower 
chest. On direct examination of the aspirated pus, pneumo- 
lioa; Ujg ^^entified. The sputum also showed pneumococcus VIII on direct examina- 
° culture at this time, however, was negative. X-ray examination four weeks 
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later (September 21) showed a small amount of fluid still present, there being a definite fluil 
level. Two attempts at thoracentesis were unsuccessful. An x-ray examination of the 
chest taken just before dismissal on October 19, two and a half months after the original 
pneumonia, showed only evidence of thickened pleura. The right dome of the diaiiliragra 
was flattened and was adherent to the right lateral chest wall. 

On February 13, 1939, the patient went to bed uith influenza-like S 3 -mptoms. Her 
husband stated that she had fever at this time and during the next few weeks she had seven 
or eight chills, several of them occurring during the week previous to admission. Headache 
(from which she had suffered since the mastoidectomy) became more severe, and was frontal 
in character. There was no vomiting and no earache. One week before entry (March 11), 
she developed a cough productive of a thin white sputum. By March IG the severity of the 
cough had lessened. Her husband noticed that her hand sfraj’ed to the right side of head 
and neck, but she denied earache, merely stating that she had difiiculty moving her head. 
Thirtj’-six hours before entrance to the hospital she stopped talking; her neck became 
stiff at that time and her ej'es turned to the left. 

Physical Examination . — On admission March 18, 1939, examination showed a criticalh 
ill, comatose, middle-aged negress in the opisthotonos position. Respirations were rapid 
and labored. Pulse rate was 160, of poor quality, but regular. Head and ej'es were directed 
to left. The right corneal reflex was diminished, the left was absent; pupils were fi.xed to 
light. There was no facial asymmetrj'. The ears showed no evidence of recent infection. 
The neck was rigid. The heart was apparently normal. Chest findings were not remarkable 
except for dullness in the right lower axilla. The colostomy in the left lower quadrant seemed 
to be working well. 

The tone of the right arm was questionably greater than that of the left. Focal 
occurred in the right arm and leg, occasionally spreading to the left. Reflexes 
in the arms, and were normal in the legs. Plantar responses were absent. Bnidzins a s an 
Kernig’s signs were present. 

Accessor}' examinations showed a leucoeytosis of 21,350, with a definite shift to 
Lumbar tap yielded cloudy fluid under an initial pressure of 110 mm.; of the lo,0 
blood cells, 98 per cent were polymorphonuclear leucocytes. Pneumococci type 1 HI were 
on direct examination of the spinal fluid. A blood culture showed countless 
pneumococcus VIII per cubic centimeter. A culture taken from the throat a -O 
pneumococcus IHII in moderate numbers. . 

History Course . — During the succeeding thirty-four hours the patient 
Gm. of sodium sulfapyridine intravenously and fluids subcutaneously without an} 
change in the course of the illness. Despite levels of sulfapyridine of li-i ^ stream, 

blood and 14.8 mg. per cent in the cerebrospinal fluid, and a sterilization of the 

• = id valves; acute 

Autopsy revealed acute endocarditis, involving the mitral and . elephantiasis 

purulent leptomeningitis; old organized lobar pneumonia of the right upper o , 
of labia majora; moderate rectal stricture; double-barreled colostomy; evi 
mastoidectomy; old right obliterative pleuritis; and toxic changes of the vi..c jolie 

Pneumococci VIII were identified from the spinal fluid and from diowed 

lung tissue on direct examination. Blood culture taken twelve hours ™ p^geervation ia 
growth. Blood broth culture of the tricuspid vegetation after two ^as calturc4 

10 per cent formalin yielded pneumococcus VIII. Only the tricuspid vege a 
the mitral vegetation being saved for histologic inspection. 


COJIMENT 


Careful bacteriologic study was not made of the original _ 


isolated 

^ ”'.°““‘“erniits the 

from the mastoid. However, since the description of the 
consideration of a pneumococcus, it might be noted hei e t la 
Y HTT is not infrequently found in the ear and paranasal sinuses. 


BUEfiSEOOER-COCKIiEU. ; KECUKREXCE IN I'NEUMONIA 


1265 


Three years later the patient liad a clinically at>^)ical pneumonia due to 
pneumococcus VIII ; this was complicated by empyema. Eighteen months later 
sic was readmitted with a pneumococcus VIII infection of the lung, endo- 
cardium, and meninges. It i.s interesting to note that this second pulmonary 
intcction did not involve the previously involved lobes, raising the speculation 
that there may have been a residual tissue immunity within the lung‘ from the 
first infection, despite the apparent breakdown in general immunity. Unfor- 
tunately, no bactcriologie or immunologic .studies were made during intervals 
of apparently good health. But in view of the fact that pneumococcus VIII 
«as found in the patient’s sputum and plcuiml fluid at a time when she had no 
clinical evidence of pulmonary disease, it seems a not unfair assumption that she 
remained a carrier after she had recovered from the acute pneumococcal pneu- 
monia. The implication must be tliat .she erected sufficient immunity defenses 
to recover from the pneumonia and to hold the organism in abeyance even 
Ihongh it was still present in tire rc.spiratory tract and pleural cavity. 

Finland and Tilghman,” studying pneumococeic infections in families and 
other closely-knit groups, found that liealthy carriers of disease-producing pneu- 
mococci may develop type-specific antibodies. Tliis raises tlio question whether 
the carrier state may lie desirable in convalescent pneumonias ; or whether the 
vcpc.itcd or continuous antigenic effect of the saprophytic organisms depresses 
the formation of antiljodies, a condition frequently scon in hyperimmunized 
horses. This supposition scarcely seems plausible in view of the infrequency of 
homologous reeurrences and the relatively high incidence of carriers among 
tonvalesccnts for vaiying periods following the acute infection. 

Despite our incomplete knowledge concerning tlic pathogenesis of pnoumo- 
ooccal pneumonia and immunity to it, the carrier state appears to constitute a 
Wentiisl danger not only to others, but also to carriers, and as sneli sliouid be a 
I’omt of attack in pneumonia programs. 


SU50IAKY 

A case of reenrrent pneumonia due to tlie homologous typo of pneumo- 
weiis IS reporlcd, svith the implication tliat it probably represents a self- 
mfoction. 


Hamburc 
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FURTHEE OBSERVATIONS ON THR05IB0CYT0PEN* 


Frank Otenasek, IM.D., and Ferdinand C. Lee, Baltimore, JId. 


F ROJI the spleens of three successive persons with idiopathic thromhoej'topenic 
purpura a substance was extracted which reduced the number of platelets 
in the circulating blood of rabbits. This substance was called thromboejlopcn, 
and was described in detail in 1938.^ In the subsequent ten months, only one 
other patient suffering with the disease has come to operation in the hospital. 
The extract from the spleen of this patient not only corroborated and snb- 
stantiated the observations made Avith the former preparations, but it al.so 
opened up neiv paths of inA'estigation. In addition, four more control spleens 
have also been extracted and tested. 


MATERIAL, AND SIETHOD 

Case. — A. W., a white married womaH, aged 24 years, was admitted to the Johns Hop- 
kins Hospital on. September 17, 1938, complaining of excessive bleeding. Her family historj 
revealed a maternal aunt who had "purpura,” but was successfully treated with snake venom. 
Her past history is of little interest. Her menstrual periods were always regular, occurring 
every twenty-six days, and lasting seven days, with variable flow. About five years before 
admission she began to notice hemorrhages around her gums and became aware of the 
that she bruised easily. A year and a half later she was delivered spontaneously of a u 
term normal child. The exact amount of blood loss at that time is unknown, but the patien 
was transfused with 500 c.c. of blood and remained well for six montlis, after which time 
bleeding recurred. Three years ago moccasin venom was started (dosage unknown) a ^ 
continued for six months, with some alleviation of symptoms. Two months after cc— a 
of treatment the hemorrhages recurred. One year ago venom therapy was begun once m 
and was continued for two months without benefiting the condition. In view of the 
able response, the patient was given a 500 c.c. blood transfusion. In December, ^ 

x-ray therapy over the spleen was instituted, 1,750 r. in air being ^ven anteriorly, an 
posteriorly, over the splenic region. Following this treatment she was considerably imp 
until July, 1938, when weakness returned and petechial hemorrhages once more appea 
the two months prior to her admission she was given three 500 c.c. blood transfusiom 
as liver extract. Since the onset of her illness she has had many fainting ^ 

were usuaUy followed by an exacerbation of her purpura. The platelet count on 
1938, was 170,000, and on August 30, it was 180,000. Physical examination of 
was essentially negative. There were no evidences of hemorrhage in the skin or gu^^ 
spleen was not palpable. Blood studies made on September 19 revealed (injcirs' 

hemoglobin 93 per cent, red blood cells 4.73 million, and platelets 80,000. The c {ourniqcd 

normal, the bleeding time was eleven minutes. The clot was nonretractile. g^ptember 

test was negative, as was also the routine Wassermann on the blood serum. ,, 

on e' 


20, splenectomy was performed by Dr. AVarfield M. Firor. The operati 

operative procedure satisfactorily. There was no excess of bleeding ^ perio*! 

afterward. The platelet count three hours after operation was 100,000. ]c?.s thaa 

of her stay in the hospital it remained around 150,000. The Ijloeding m-cH. 


four and one-half minutes. The patient was discharged on October .1, synnptoii 

— t !tv 
•From the Surgical Hunterian Laboratory of the Johns Hopkins Hn vers 
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ITie spleen weiglicd 05 Gin. rinrl looketl gro«*»ly normal. Micro^-'opn-allv tlmrc were 
csar large Jfalpigln'an cor|iu«cIc:? witli genntnal conten*. Final patliologic <li:igno8i*»: spleen 
‘iowing nonspecific cliatige.s (tliromBocytopenic ptirpwra). 

The preparation of the spleen Ifopan on the «laj' of operation, when the organ was ground 
cp si'i placed in twice its volume of reagent acetone. One month later, on October 25, one- 
tilf of the extract was removed and filtered, and evaporation of the acetone was carried out 
fcr redaced presfure under a Belt jar. This step in the preparation of the extract differed 
fn33 the previously published method in which distillation of the acetone was carried out 
vider reduced pressure with the application of some heat. It uas thought that even a small 
i~A!Uit of heat might affect the potency of the preparation, and in fact a more potent product 
i'i result when heating was omitted. 

^Yten evaporation was complete, the u.«ual dark brown, gummy residue wo.<« left. TJii.'» 
vaj RSf-ecded in 100 c.e. of distilled water. The dilution of this extract was, therefore, 
tvicc that obtained from previous spleens, since formerly the same amount of distilled water 
ns added to the acetone-extracted material from an entire spleen. 

The extract was injected in amounts varying from O.S to 10 c.e, into 10 rabbits, all of 
viith died in periods ranging from one hour to twenty-four hours after the injection. In 
tie admals whicli survived more than four hours, after injection, it was noted that the platp- 
tOQiit fell significantly. The direct nietiwl of counting platelet-, with the fluid of Bee.s 
U'l Echer was used, and every count wa.s controlled by the indirect bloo<l smear procedure. 

The remainder of the extract was now run through a Feitz filter and further injection's 
vere made, Sub'sequently all extract.*! were 8eitz filtered before injection. 


RESULTS 

Experiment 1. male rabbit (R-13), weighing 2.4 kg., wa* injccteil intravenously vrith 
^ w. of the extract from patient A. W. on Decemlier 28, 193S. The blood platelets fell 
ClOfiOO to 283,000 in six hours, and hovered in the neighborhood of 230,000 during the 
eighteen hours. Another 1 c.c. of the extract was injected on December 29, the 
I'-stelets varying from 213,000 to 280,000 during the next twenty-four hours. On December 
the platelets began to fall to lower level.** without further injection, and reached the low 
t'jC-t of 94,000 approximately fiftv-four hours after the first injection. By the morning of 
^ following day the platelets had risen precipitously, reaching a high count of 0,029,000. 
--y huge, abnormal appearing platelets were seen. Smears showed enormous numbers of 
{-‘tkb at this time. During the period of study the rod blood cells did not vary significantly 
rwi the Eonaal, Leucocytosis was practically constant, the white blood cell count being in 
teighborhood of 20,000, with an excess of adult polymorphonuclear forms. On January 1 
died. Autopsy revealed no hemorrhages. There was patchy consolidation of both 
^?ection.s of the femur bone marrow revealed hyperplasia of the myeloid elements. No 
could be found in the megakaryocytes. 

^"fnent 2. On January 25, 1939, 1 c.c. of the same extract was injected into 
^•^fcerttale rabbit (R-17), weighing 2.2 kg. A control specimen of bone marrow had been 
animal by biopsy nineteen days previously. Table I shows behavior of 
injection. The white blood cells had risen from an original count of 4,950 to 
U second day, and gradually fell to a normal level three days later. The 

ffb. ^ Count did not vary significantly from an original count of 4.(8 million. On 
^ 1939, the animal died. Autopsy revealed patchy consolidation of lungs. Sec- 

j ^Pieen revealed small foci of myeloid tissue with disproportionately great num- 
nij^^^^^Sakaryoeytes, and these cells appeared in the liver as well (Fig. 1). There was no 
^ Pi^telet formation in the lungs. The femur bone marrow showed no detectable 
^ties either in the number or in the morphology of megakarj'ocytes. 

February 23, 1939, a male rabbit (E-lo), weighing 1.8 kg., was 
n. ^ extract. ' A bone marrow biopsy had been made six weeks previously. 

characteristically (Table I) from the preinjection level of 628,000 to a 
* '^>y00 three day.s later. Eight days after the original injection the platelets had risen 



1268 the journal op laboratory and clinical jiedicine 

only to 217,000, and tlie animal was sacrificed. No noteworthy changes ivere humi m th 
.nogahay-ocytcs of the femur marrow, but the spleen again .showed , 

liver a fmv. The lungs and other organs were norn.al. gnKarwMfe., 

lisni J ■ r evaporation of acetone and suspension of the rcsidL in 

^eeks. It had, however, been kept in the refrigerator at a temperature of ahout 10» F 


Table I 

s-29 “r^c's'si “■srf.omi '* 



. . 4. On March 20, a male rabbit (R-19), weighing 2.1 kg., was given two 

je ions of 0.5 c.c. each of this second preparation of extract from A. W., without a f'g- 
ni cant change from the preinjection level of 020,000 platelets. The following day another 
. C.C. was given, and tlie platelets reached a low of 453,000 three hours after the injection, 
or le next three days tlie platelets varied between 252,000 and 550,000, when another 1 c.c. 
Afo ""TT- "'T ® “ieeted. They fell again to 232,000 and remained at 200,000 to 414,000 until 
1 r 1 when the platelet count reached a high of 720,000. Two cubic centimeters of the 
extract were then injected, and the platelets rose to 1,024,000 and then to 3,629,000 two and 
SIX ours, respectively, after injection. Alostly large, abnormal platelets were seen. By t'‘® 
platelets bad fallen precipitously to 332,000, then rose rapidly and steadily 
to /,S0o,000 at 4:00 p.it. and to 9,450,000 at 11:30 P.xi. Smears made at this time showed 
great masses of platelets such as those illustrated by Bunting.n The white blood cell count at 
t us time was _0,000 and the red blood cell count was 5.02 million. There was nothing an , 
usual about the smear except for the platelets. On the following day (March 29) the I'ln'e- ■. 
lets, which were 848,000 in the morning, had reached 3,065,000 sixteen liours later. A max- ,, 
imum leucocyde count of 32,150 was found at this time. 

For the next two days the platelets varied between 204,000 and 821,000, and the annual , ^ 
was killed. Post-mortem histologic sections of organs revealed no detectable abnormnl'*''®' ,j 
Dilferential counts were -attempted on megakaryocytes of femur marrow, hut no significant v 
change was noted when compared with control sections. ’■/. 

- Experiment 5. Another male rabbit (■R-27), weighing 2.4 kg., was treated exactly a.« .• 
was rabbit B-19 and reacted in the same way. Control biopsies of spleen and bone m.arrow 
had been, taken, three weeks before injections wore begun^ but no anatomic abnornia h* 
could be. made out in the post-mortem sections. 'i 

.. Experiment -6. To eliminate the possibility that, the many small bleedings' neec.-.-ary f ^ 
counting platelets w'crewespon.sible for the changes in tlie blood picture of all the animob o-' 
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for tlic presence of inefjiiknryocyto*? in the spleen nnil liver of two of tlie earlier nninmis, a 
control rabbit R-2(5 was bled in anmimts vuryinp from 0.2 to 1,0 e.c. thico times daily for ten 
days (Table I). Tlie platelets varied from 002,000 to 475,000, while the other formed ele- 
ments of the blood did not vary significantly. Tlie nniinnl was saciificed on the tenth dav. 
Histologic sections of femur marrow and spleen nisule post mortem did not diJTer from biopsy 
specimens taken from the same animal three weeks before the bleedings were begun. 

Animals used for all subsequent experiments underwent biopsies of spleen and femur 
bone marrow at least three weeks before any injections were made. 



ir,([ '• On April 3^ 1939, a male rabbit (R-29), weighing 1.7 kg., was injected 

second half of the extract (Table I). The platelets fell from a control 
j!,] ^ 78,000 in fifteen hours, and for the next five days varied from 70,000 to 

3her j'^****°’^*' ^*^rther injection. Then they slowly began to rise until on April 9, six days 
t le injection, the count had risen to a normal of 625,000, and the animal was killed, 
ij , ^ Spleen show’ed occasional megakaryocytes, but no abnormalities could be 

^ 5 in other organs. 

niii'e rabbit (K-30), ivcigbing 1.8 kg., nas injected with 2.0 e.c. 
“« Ihe'T ™ normal of 545,000 to a low of 101,000 

This f On the following day they rose from 1.00 million to 2.86 million. 

On It ''silt hours after the count of 2 8 million, the platelets iiad fallen to 172,000. 

billed 13) they rose from 133,000 to 57G,000, and the animal was 

0 signifinnnt post-mortem histologic findings were observed. 

^ female rabbit (R-Sl), weighing 3.3 kg., was now used. It seemed 
were injected on April 25 without 


that the 

effect, 


extract was losing potency. 


another 2 c.c. were given sixteen hours later. The platelets then fell to 107,000. 
‘‘re around 200,000 for two days, when 2.0 c.c. were again injected without further 
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effect. Subsoquently 2.0 c.c. and tlicn 4.0 c.c. were injeefed separately in tlie ne.xt four dnyj, 
but the platelets continued to remain around 200,000. Tlic animal was then sacrificed. Sec- 
tions revealed no abnormalities. 

E.vperiment 10. In those animals studied during May, 1939, as much as 10 c.c. of llie 
extract given over a two-day period in doses of S e.c. succeeded in bringing platelets down 
only to 191,000. It became even more evident that the extract was losing strength. 

Experiment 11. On May 29 a male rabbit (E-IG), weighing 2.0 kg., was injected witli 
S c.c. of the extract. Platelets fell only to 421,000 fifteen hours after injection. The last 20 
c.c. of the extract were then injected. The following day the platelets were counted at 
419,000 and slowly rose to 592,000. The animal survived and subsequent counts were noriml. 


CONTROL EXPERUMENTS 

Spleens removed at operation from four patients suffering with conditions 
other than thromboejdopenic purpura ivere extracted and studied. Three of 
these were spleens removed for Banti ’s syndrome, while one was a normal spleen 
removed because of rupture as a result of trauma. The extracts were prepared 
in the manner described, but on injection into rabbits of amounts up to 40 c.c, 
no significant alterations in the blood platelet level were produced. 


COMMENT AND DISCUSSION 


The preparation of thromboeytopen, as described in this report, present.s 
two significant differences from tliat previously mentioned.^ In the fii’st place, 
removal of the acetone from the extract wms accomplished by distillation undei 
reduced pressure ivith the application of a small amount of heat. Tliis metho , 
however, presented two difficulties. First, as more and more acetone i™® 
tilled off, the residue became thicker and thicker, and it was only by great e oi 
and careful regulation of applied beat that the material ivas prevented loni 
bubbling up through the distillation system. There was no doubt that some o 
the extracted material remained in the system. Second, it wns 
whether or not thromboeytopen was heat stable, and hence some of its 
in the early extracts might have been lost by heating. With the 
of removal of acetone by evaporation under reduced pressure m a 
it was possible to obtain a residue rich in thromboeytopen to which no le. 
iiad been applied. 

The second difference in preparation was in use of the Seitz filtei- 
though ordinary sterile precautions were taken, and although the ex la 
always kept in the refrigerator, bacterial and other contamination 
occurred sooner or later. It wms as an added precaution, then, that ci 
tion was carried out before injections. This procedure ruled out t le P 


effect of specific® as well as nonspecific organisms. 


ioiisly 


The action of the present extract differed somewhat from that 
reported. For the most part, the production of thromhopenia follox\c 
tem established in the earlj^ experiments of Troland and Lee, hut i 
prolonged, lasting in the case of rabbit R-17 seven days after the 
1 c.c. FiirtJiermorc, tlie effect of the extract was variable in that in 
a secondaiy tliromboeytosis was encountered. Wliether tliis leaction i 
pensatory to the primary diminution in the platelet level, or v le ici^ 
cated some stimulatory effect of the extract on the thromhopoietic s}s 
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not be ascertained. Elevation of the blood platelet count above the normal has 
been observed experimentally under many dilTevcnl conditions. Bedson* noted 
prolonged thrombocytosis following splenectomy in rabbits. In the same species 
thrombocjtosis has been observed following injections of bacillus thrombo- 
cjtogcnes,* following experimental productions of subcutaneous abscesses,® and 
after the administration of certain drugs such as pyrodine,®' ' trypan blue,' 
phcnylhydrazinc,® turpentine and saponin.^ Inhalations of carbon monoxide 
and carbon dioxide by rabbits also resulted in temporary increase in the number 
of platelets.®’ *“ The effect of ultraviolet rays in raising the platelet count has 
been demonstrated by Steiner and Gunn®' and by Toyoda.®' Bedson* and 
Koster” described thrombocj'tosis after “blockade” of the reticulo-endotheliiil 
system with India ink. Clinically, thrombocytosis has been observed frequently 
following splenectomy, and platelet counts as high as 5 or 6 million have been 
reported.”' 


In none of the reports in the literature has thrombocytosis approached a 
platelet level of 9,450,000, as observed in rabbit R-19. In this rabbit, and in 
the other animals displaying unusually high platelet counts, abnormally large 
and irregularly sized platelets were frequently seen in the counting chamber 
and in smears. This plienomenon has been previously described by BedsoiB® 
and others. 

No light lias as yet boon thrown on the precise manner in which thrombo- 
Ttopen exerts its influence on the experimental animal. In two of the earlier 
animals, R-H and E-15, in wbieli the platelet counts were maintained at low 
evels for seven and eight days, respectively, post-mortem .sections of the spleen 
* owed megakaryeoj-tes in groat abundance. That they may oeeur normally 
'a small numbers in adult rabbits is pointed out by Pianese.” Definitely in- 
oteaed numbers were noticed by Bunting,*® and by Pirket and Campos,*® fol- 
owmg intravenous injection of saponin in rabbits. Puglicse®” noted the same 
sibT™™*''' hedgehogs following repeated bleedings. To rule out the pos- 
that the presence of megakaryocytes in the spleens of rabbits E-17 and 
was due to the repeated small bleedings necessary for blood studies, another 
■na, rabbit E-2S, was subjected to venepuncture and removal of blood in like 
anj" ' ^ of ten days. This animal received no thromhocytopen, 

not T'* spleen and bone marrow removed at autopsy could 

one ** from control sections obtained from biopsy specimens 

jj ®™th before the experiment began. Platelets in this animal were counted 
fonn^t times a day during the ten-day olxscrvation period. They were 
^ to vary from 475,000 to 692,000. 

fenorf 'i effect of thromhocytopen in some of the experiments being 

fytes 4' the possibility that the extract might affect the megakaryo- 

'^'opath^''*^'^' condition of the bone marrow and megakaryocytes in 
'hillicka'' '*'™"''’°‘*ytopenic purpura has never been adequately settled. 

•‘'Itsehuller,®' and Papp and Antognini®® noted moiphologic 
Willin'* ™egolcaryocyto.s of hone marrow in several cases of purpura, 

f'fpura toegakaryocytes during different phases of thromhooytopenie 

plaljl , f ™ *'oted no variations in megakaryocj'tes, and saw no sign of 
siation in severe forms of the disease. In 6 cases of thrombocytopenic 
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THE EFFECT OP GOLD SODIUM THIOJMALATE ADMINISTRATION 
ON THE BACTERIOSTATIC PROPERTIES OP THE SERUM 
IN PATIENTS WITH RHEUSIATOID ARTHRITIS* 


Edwakd P. Hartung, M.D., and Joyce Cotter, B.A. 
New York, N. Y. 


C linical reports on the use of gold salts administered parenterally foi 
the treatment of rheumatoid arthritis are becoming more inimerous, aed 
the reported therapeutic results are more favorable. Hartfall, Garland, and 
Goldie' summarized the largest series (900 eases of all types of arthritis) 
in 1937. They obtained cures or stinking improvement in SO per cent o 
their oases of rheumatoid arthritis. The German, French, and English literature 
is now fairly voluminous, and, on the ivhole, favorably inclined tmuarc t iis 
method of treatment, especially when confined to its use in rheumatoid ai t in is. 

In the United States the reports on the use of gold salts in 
not as numerous. They include those Sashin and Spanbock,- Oren, u 
and Snyder, Traeger, and Kelly.® Our oum experience .with the use ot 
salts is somewhat comparable to the favorable reports in the liteiature, 
have observed that gold salt therapy gives a higher percentage 
than any form of therapy yet used by us in the treatment of i leuaia 
arthritis. Our own results approximate those of Hartfall and associa 
the extent that 60 per cent have shown marked improvement. e 
present report the percentage of cures, because it is our opinion 
with arthritis should be followed for a minimum of ),j)ve 

are reported as cured, and none of our patients treated with go c sa 
lieen under our observation that long. . p,. 

In the past, and at present, a variety of gold compounds, m 
oil solution, have been used by investigators. Our ovm clinica^ siih- 

are limited to the use of aqueous gold sodium thiomalatc, admnns c 
cutaneously. In the usual case of rheumatoid arthritis, accor m^ ^ 
schedule %ve have gradually developed, this is injected once a " 

25, and occasionally 50 mg. doses, until a total of 1 Gm. has been 
an interval of twelve weeks, the entire course is repeated. fj-cquent 

deemed nece-ssaiy to give a third course. Toxic reactions aie treated, 

hlinor difficulties are encountered in at lea.st one-half of the pa le 
and serious reactions in fully 15 per cent. 


OBJECTIVE 

Our objective in the investigation reported here was to studj 
static properties of the serum before and after the parcnteia a 

•From the Arthritis Clinic and Department of Bacteriology, Ne" Y' 
Medic-al School and Hospital, Columhla Hnlversitj-, New AorK. 


Bcccivcd for publication, April 22, 1940. 
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of fold salt ill vavyiiifi amounts. Wc were also intcrc.stcd in observing the 
tffort of gnUl salt administratiim on the afiglutinin titers. Sueh studies 
iiii?lil throw .some liulit on the seroloprie and phanuaeologic action of gold salt, 
and suggest a hsTiothctical explanation of its apparent effectiveness in the 
treatment of rheumatoid arthritis. This and other studies now under way 
might also lead to a better understanding of the all too frequent toxic effects 
and point the way to methods of avoiding them. 

IIATIIRIALS 

In planning a study of the baetcriostatie properties of serum before and 
after gold salt administration, an organism had to he arbitrarily selected against 
ivhioli to study these effects. It is generally believed that rheumatoid arthritis 
is a disease of infectional origin. However, the causative agent has never been 
conelusively demonstrated. The hemolytic streptococcus has been suggested, 
lilt on no firmer grounds than that a greater percentage of sera from patients 
irith rheumatoid arthritis .show agglutinins in high titers for hemolytic strep- 
tococci than do sera from patients with osteoarthritis, or from normal subjects.'' 
la our studies we used a beta hemolytic strcptoeoecus (strain Greene) isolated 
from an acute mastoid infection. AVc do not in any sense imply that this 
Mganism is related to the etiology of rheumatoid arthritis. Other common 
lahoiatorj- microorganisms were used in various parts of the investigation. 
Ihese will be detailed in the appropriate place. 

The gold salt used uniformly throughout these experiments was an 
cincous solution of gold sodium thiomalatc administered as already outlined. 

1 contains 50 ]ier cent metallic gold. In addition, we were interested in observ- 
"1? the bacteriostatic effects following the administration of colloidal gold, a 
per cent metallic gold in colloidal suspension, and bismuth subsalicylate, 
M per cent in oil. 

The persons on whom wo investigated these effects were all patients with 
spiral rheumatoid arthritis. All of them exhibited the usual clinical and 
findings, together with various degrees of elevation, in tlie sedimentation 
Most of them were ambulator}-. 

technique for determining racteriostasis 

®'’'"l^™-hour culture of hemolytic streptococorus, strain Greene (a beta 
I'oMa grown in 1 per cent dextrose meat infusion broth was diluted 

rilid t fire-hundrcdtli cubic centimeter (0.05 c.o. ) of this dilution was 
finced f" ^ to tested. This amount of culture usually pro- 

37“ n r™ ^ colonies. The inoculated serum was then incubated at 

for forty-eight hours. 

^ 0 growth in the inoculated serum was estimated as follows : 
wisli' ,*^'l'^.®™'’'™dredth cubic centimeter (0.05 c.c.) of the inoculated serum 
g ' ® blood (1 C.C.), agar (10 c.c.). 

drediij dilution of the inoculated serum was made. One five-hun- 

aesi- oontimeter (0.05 c.c.) of this dilution was likewise plated in blood 

3S nliriT./N ' 
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After twenty-four liours’ incubation the colony growth on the plates ra 
counted and the groivth was estiniated in colonies ])er cubic ccDtiuicter of 
original culture. This was done in the ease of tlie undiluted serum bv imiKi- 

plying the niimfaer of colonies on the plate by 20, and in the case of the' diluted 
serum, by 20,000. 

All dilutions were made with stock 1 per cent dextrose meat infusion brotli, 
dilutions with normal saline being avoided because of the knmni bacteriostatic 

effect of saline on the growth of streptococci in vitro. All tests were done in 
duplicate. 

Table I 


JNORxrAii Controls 

Sercjjc Agoldtinin TiTEits AND Bactekiostasis Aoainst Heaioeytic Stkeptococcds, 

Strain Greene 


case no. 


agglutinin titer 


1 

Ifegative 

2 

Negative 

S 

Negative 

4 

2+ (1:80) 

5 

Negative 

0 

4+ (1:2,560) 


1+ (1:5,120) 

7 

Negative 

S 

Negative 

9 ; 

Negative 

10 1 

Negatii-e 

n 

Negative 

12 

Negative 

13 

Negative 

14 

Negative 

15 

Negative 

IG 

Negative 

17 

2+ (1:80) 

18 

Negative 

19 

Negative 

20 

Negative 


BACTEKIOSTASIS COL./C.C. 


cc 1:1,000 dilution 
oc 1:1,000 dilution 

18,200,000 
32,000,000 

14, 400,000 


cc 1:1,000 
cc 1 .-1,000 

4,260,000 
1:1,000 

44.800.000 
cc 1:1,000 
cc 1:1,000 
cc 1:1,000 
oc 1:1,000 
oc 1:1,000 
0 = 1 : 1, 000 
oc 1:1,000 
a 1:1,000 
82,000,000 

14.160.000 


dilution 

dilution 

dilution 

dilution 

dilution 

dilution 

dilution 

dilution 

dilution 

dilution 

dilution 


RESULTS 

ExiHrimmt 7.— Normal controls. The sera of 20 laboratory workers, ah 
in good health, were studied for their bacteriostatic effect on hemolytic .shcP 
tocoecns (strain Greene), and their agglutinin titers against this organism 
determined. Baeteriostasis ivas negligible (Table I) except in. occasional m 
stances (Cases Nos. 3, 4, 5, 8, 10, 19, and 20). Some of these parents ha 
recentlj^ received, or were receiving, vaccines or bacteriophage against eo 
The agglutinin titei-s likewise were found to he about as has been nsim 
observed in normal controls wixen a beta-hemoljdic streptococcus was nsc 
the antigen. 

Experiment 2 . — The .bacteriostatic effect on hemolytic streptococcus, 
Greene, of senim taken before and after the administration of gold 
thiomalate. The baeteriostasis ivas studied in patients with rheumatoid art 
before the gold sodium thiomalate was given, and after variing 
been administei-ed parenterally, in dhided doses, according to the 
suggested above for tlie routine treatment of these patients. It wos « 
(Table II) that the initial baeteriostasis w-as about as in the norma coa 
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Afli'i' viU'yiiiK liliioioilH of Kold will woro iidiiiiiiislcix'd llicro woh ;i iniirked 
iiiiTinsc ill llin liiicloi'iiisliisis in rvcnv iiisliiiico, oven iil'lcr iis iilDr ns (ii) ini’. 
Illlil ilOCII I'ivTIl. 

Taiii.i: II 


iniii'iiiiwTAiii; Hii'Mi'T 01 ' Kiiuiin 'I'akiis liiii'iiiii; ASH Armi ,Ai)Siisihti:atioh or Ooi.d 
HoHIOM 'I'llIOMAl.ATr 


I’AKl, NO. j 

(Kll.l) HAt.T (HVI:N' I 
NKroui: iNiriAi, | 
TN«r 

INIIIAI. j 

ItAC'VlWdHTAKIfi 1 

O'oh./r,t\) 

h'OTAJ, 001,1) NAl/l 1 
fltVlN 1 

(MO.) 

FINAI, 

UAcTl.UUlKTArtlM 
n'OI. ./c.f.) 

1 

0 

or 1 : illliilKili 

170 

OOO 

L* 

(1 

700,000 

ir.o 

1 1ll) 

■i 1 

0 

cr. 1 : 1,000 diliif tiiti 

•Jin 

•Jio 


II i 

a- 1 :1,noo diliinmi 

jno 1 

JOJ 

7 

(1 

cc 1 : 1,000 (Hliition 

‘JUl 

180 


{) 

oc 1:1,000 ililtilioii 

(id 1 

i:i,()oo 

!! 

0 1 

or 1:1,000 (Ulntinii 

run 

11)0 


(1 1 

o: 1 : 1,000 ditolMHi 

jiri 

1 1150 

]i 

(} 1 

:ioo,ooo 

inn 

1 70 

111 

0 1 

cr 1 : 1,000 ililiUimi 

Jill 

ion 


1 " 

o: 1 : 1,(11111 illlaiiiiii 

;{or» 

1 1 IS 


(1 1 

o: 1 : 1,000 (IHntioti 

•no 1 

178 


1 fl 

cc 1 : 1,000 diltilinii 

! ii;i:' ! 

j ino 


Taiii.i: III 

IIU'IIIIIIIHTATIII I':i'f|,|"|' n|,, Hllliuil TAUIIS AT VAIIIOIIH iNI'llItVAl.H 1)111110(1 Till: Oolli.m: OK 


(lol.ll HoiiHIM 'rillOMAl.ATi: Ahhinihtiiation 


- ^ 
No, 

(IfIMi RAI.T otVKN 1 

miTiAi. 

1 ’oTAi, (jon* KAr/r 

FINAI. 

laa'mo; isitiai. 

llAfTNUnmTAHIH 

mviiN 

llAf’TMIllOHTAKOi 

• — 1 

TIW (Mfl.') 1 

((■(il,./(:,o.) 

(MO.) 

n'OI, /C.C.) 


ir» 1 

or 1 : 1,000 ilillMioli 

280 

00 


J5() 

Unwitinfuclory 

!)l)0 

15 


nr, 1 

<r. ] :l,000 ililiilioti 

117 

112 


270 1 

1120 

■12.0 

1 70 


10 ' 

UnimH«rii«lor\' 

210 

2.00 

'' 1 

200 1 

no 

200 

1 .00 


2<in 

HO 

021 

00 


•"'lie III ri'iKii'iN tlio Iwclorio.sliilic jii-opoTlic.s of llic .scTiim in intoi'inodiido 
LTi*' '’f N'lll- I" snl'ji'cls, wIicTu icold suit 

ii'cii idvcii licfoi'i! llio iniliid Icsls wore dmic, tin: initiid Imclcriosliisis wiis 
''"''"'"I (i'X('nj)l in Uiisivs !! nnd H, wlici'c only IT) nnd Hfi nif?. Imd been 
I'l III! l"''' "’"'T b'old Hill's l''i<l Is’i'n iidininislcTed snbseiiuent 
bnliiil (leloi'ininidioii, II will bo obsoTvod tliiil the biietoTiosliisis induced 
,’^'*"l>'lil}' pToiioi'liniwd to llio nnioiinl. of Kold snlt Riven. In Ronev.il, Ibc 
jj, “'ss IsK'lei'ioniii^lf, Hi'cn in tlieso (‘xiioTinicnI.s wins obsccved iiCter 1I7 to 
lini/'o inoTOiise even iiftci' nnniy 

'"S'liinlH of Rold bad boon iKlminialoi'ed. 

Ililfi ‘I- — Wo woi'o inloTo.slod in obscrviiiR Ibo effeel of Robl sodium 

Ww,. " " ""I "fffilntinin U1ot.s of llie .senini iiRain.sl bomolylie strep- 

laryii”! ‘l''‘Tno). Iniliid dot oiTiiiniil ions woto done nnd roiieated iifler 

'? ''""'""Is of Rold salt bad boon Rivnn. In Roneval, no consistent elmiiRC.s 

"''''•‘■'’"'1 (Table IV). 
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Table IV 

Sebum Agglutinin Detebminations Befobe and After the Administration of Gold Somuh 

Thiomalate 


CASE 

NO. 

GOLD SALT GIVEN 
BEFORE INITIAL 
TEST (MG.) 

INITIAL 

AGGLUTININ 

TITER 

TOTAL GOLD 

SALT GWEN 
(MG.) 


1 

0 

4+ (1:40) 

175 

3+ (1:20) 

2 

0 

4+ (1:160) 

1+ (1:2,560) 

155 

Negative 

3 

15 

4+ (1:160) 

1+ (1:2,560) 

286 

■ 3+ (1:320) 

4 

0 

Negative 

210 

Negative 

5 

250 

Negative 

900 

Negative 

6 

0 

Negative 

200 

Negative 

7 

0 

3+ (1:80) 

1+ (1:160) 

210 

4+ (1:2,500) 

S 

85 

Negative 

147 

Negative 

9 

275 

4+ (1:320) 

1+ (1:1,280) 

425 

2+ (1:100) 

10 

0 

Negative 

60 

Negative 

11 

0 

Negative 

310 

Negative 

12 

0 

Negative 

245 

Negative 

13 

15 

Negative 

215 

Negative 

14 

0 

Negative 

160 

Negative 

15 

0 

Negative 

Negative 

210 

Negative 

16 

0 

305 

Negative 

17 

205 

Negative 

Negative 

250 

Negative 

IS 

0 

415 

Negative 

19 

0 

Negative 

335 

Negative 

20 

260 

4+ (1:20) 

1+ (1:80) 

921 

Negative 


Table V 

Effect op Continuing Administration or Gold Sodium Thiomalate on the 


Bacteriostatic Power of the Serum 


CASE NO. 

GOLD SALT 
(MG.) 

bacteriostasis 

fCOL./C.C.) 

2 

0 

50 

115 

155 

700,000* 

1,600,000 

5,000 

160 — 

3 

15 

119 

286 

a 1 -1,000 tlilutiuii 
10,150 

60 

4 

0 

60 

210 

a 1 : 1,000 dilution 
21,000 

210 

11 

0 

85 

310 

STTTNOOMdution 

10,000 

160 

IS 

0 

115 

415 

oc 1 :1>00U 011111 '^'^“ 
17,800 

178 — 


•Vaccines previously administered. 


Experiment 4 . — The effect of the continuing administiatiim o ^ j^jec- 
011 the bacteriostatic power of the serum. The subjects receiie 
tions of gold sodium thiomalate, and the bacteriostasis was e eiim 
varying amounts had been given. From a review of Table ^ |otal 
that the bacteriostasis in each ease increased in rough propoition 







H-UrrCNG-COTTER : GOLD SODIUM THIOMAL.VTE IX RHEUMATOID ARTHRITIS 1279 


amount of gold salt given. In Case 2, for reasons not obvious, tbe original 
bacteriostasis vras greater than usual in the controls; and after 50 mg. of gold 
salt, it was less than at the initial detomiination. After 115 mg., however, 
marked bacteriostasis was found, and after 155 mg. the bacteriostasis was still 
more pronounced. 

Table VI 


CHAKGES IK THE BACTEnrOSTATlC POWEK OF TUE SeHUSI AFTER STOmKG 

ADiriKismvTioK of Gold Sodium Tiiiomaijvte 


CASE KO. 

B.ATE 

AMOUXT OF GOT.D 

SALT CIVEK (MO.) 

BACTERIOSTASIS 

(COL./C.C.) 

6 

8/24/39 

9/21/39 

10/31/39 

Inj 

2/13/40 

0 

125 

200 ! 
cctions of goM salts stopp 

1 0 1 

cc 1 :l,n00 dilution 
2,024 

202 

led 

1 60.000.000 

11 

1 

9/19/39 

10/21/39 

Inj 

. 4/ 4/40 

1 0 1 

1 310 ' 

ections of gold salts stopj 


20 i 

6/28/39 

11/20/39 

Inj 

2/15/40 1 

260 

921 1 

ections of gold salts stonr 

i 1 

1 110 

1 55 

•ed 

1 142,000.000 


£’ipfrimc?if 5. — Changes in the bacteriostatic power of the serum after 
stopping the administration of gold sodium thiomalatc. In this experiment, 
^patients with rheumatoid arthritis I’cccivcd 200, 310, and 921 mg., respectively, 
of the gold salt in dinded Avcckly doses over varjnng lengths of time. Harked 
acteriostasiis resulted. In each case the administration was then stopped for 
■aiportant clinical reasons. After varying intervals of time had elapsed, the 
acteriostasis was again determined and was found to have returned to the 
usually found in normal controls. In other words, after the gold salt 
^<1 been withheld from these patients for from three to six months, the 
Previously observed bacteriostatic power of their serum was found to be absent 
(Table VI). 


Table VIT 

Effect of Colloidjvl Gold Apmikistr.\tiok ok the Bactekiost.\tic 
Power of the Sekusi 


CASE 
^'0. 

102 
103 
lOi 
•'tslutinln 


COLLOID.VL GOLD 
GITEK BEFORE 
INITIAL TEST 

IKITIAL 

BACTEFvIOSTASiS 

(COL./C.C.) 

TOT.VL COLLOIDAL 
GOLD CIVEK 
(C.C.) 

FINAL 

BACTERIOSTASIS 

0 

Qc 1:1,000 dilutloa 

6.0 

CC 1:1,000 dilution 

0 

cc 1:1,000 dilution 

14.S 

cc 1:1,000 dilution 

0 

cc 1:1,000 dilution 

11.5 

cc 1:1,000 dilution 

0 

3,000,000 

3.6 

cc 1 :1,000 dilution 


titers show no change throughout. 


'tatic (^—Effect of colloidal gold administration on tlie bacterio- 

tlie serum. IVe were curious to see wlietlicr preparations of 
tioj J woidd induce bacteriostasis, as was observed after tlie admiuistra- 
'“"oidal"'' thiomalate. In 4 patients a preparation of 1 per cent 

sold was administered parentcrally in divided weekly doses. In 
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Case 102 a total of 14.8 e.c. was <^iven Tln-« inff 
of gold sodium tliiomalate in terns of metallio to 280 ro«, 

it i* OW..S a.„ „„ 1 "t ’ „ ” ;r'“- ■ 

case under observation. Houced in this case or m an.v otlier 

tioii of Laoth TObsaUoj-tatrw no!!t”''t admiiiislra. a 

bismuth had been administered 

method, but not in nmaZT bacteriostasis was produced h.v this tt 

of gold salt (Table VIII) foUoiviiig the administration - 


rABLE VIII 

Effect op Admimstration on the Bacteriostatic 

JrOAVEK or THE SeruJC 


CASE No_ 

~2dr 
202 
203 
20i 
205 
2QQ 
207 
20S 


BISJIUTH GIVEN 

before initial 
test 
1“ 

0 
0 
0 
0 
0 
0 
0 


initial 
BACTERIOSTASIS 

^iH^OOOlilhltiwr! 

oc 1:1,000 dilution) 
cc 1:1,000 dilution) 
cc 1:1,000 dilution) 
ce 1:1,000 dilution 
<x 1:1,000 dilution) 
cc 1:1,000 dilution 
o: 1:1,000 dilution) 


TOTAL BISJIDTH 
GIVEN (C.C.) 


9.0 

15.0. 

17.5 

11.5 

14.0 

13.5 

8.5 

11.0 


nSAR 

BACTERIO.ST.ISIS 

(COL./C.C.) 


93,750 
oc 3:1,000 dilution 
'25,600,000 
cc 1:1,000 dilution 

140.000. 000 

30.000. 000 

cc 1:1,000 dilution 

3.000. 000 


Table IX 

Epeect of Gold Sodium TaioitALATE on the Gkobth of Hemoiatic 
STREPTOCOCCUS, Strain Greene 


dilutions of 
cold salt 

(MG./C.C.) 

DEI'ELOPJtENT OP 
PRECIPITATE AFTER 
ADDITION OF CULTURE 

GROWTH OP HEMOLA’TIC STREPTOCOCCUS, STRAI.V 
GEEEA-E, AFTER 48 HOURS’ INCGBATIO.V 
(COL./C.C.) 

1.0 

0.1 1 
0.01 

0.001 

0.0001 

0.00001 

0.000001 

0.0000001 

0 

1 plus 

0 

0 

0 

0 

0 

0 

0 

Sterile 

Sterile 

Sterile 

Sterile 

Sterile 

Sterile 

300,000 
oc 1 : 1,000 
cc 1:1,000 

Sterile 

Sterile 

Sterile 

Sterile 

1 Sterile 

Sterile 

5,720 

a: 1:1,000 
oc 1 :1,000 


thiomalatp of imrying dilutions of gold sodimt 

dilutinuo ni ^ 1 giowth of hemolytic streptococcus, strain Greene. Taryin? 
were nrenar fbiomalate in 1 per cent dextrose beef infusion broth 

lee n-nU +1 1 contained 10 mg. of gold sodium thiomalate in 

poeh (lilnU contained lesser amounts, as recorded in Table IX. To 

nf bpnicKu^”^ ^dded 0.05 e.c. of 1 .-5,000 dilution of an eigbteen-bour cidtnrc 

the nr, ® ^°Pfococeiis (strain Grceiie). After fortv-eigbt boars’ incubntian 

tlie amount of growth was determined. • 

ino-e ®^P6iirnent ivas repeated many times ivitii rather comsisfent find- 
f, . iwo typical results are reported in Table IX, In general, it was observed 
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fcliortly after this, Wliite“ rpTim-iori -li 

o,', 

tuberculosis. Somewhat later Mavpru> cj • treatment «{ 

others reported on this fo rl'p ^ Feldfc,^ Mo!lgaard,'= and 

in Qemany and Catit'' in *” l'*” 

soli salts to the treatment of rhenZt applied the esc .( 

.seociation of rhenmatoid arthritis and 

salts sdmSSera^pLntayv '»<*;«»« of gold 

Wj- by eaertine Td ~tf J, “'J- “ "« 

inWhilion of th^™rtr„1, r ?f ®““- ’■“"■''’‘T, IM i« ril™ 

eariy Psperiments b7tt adffilofofT " ““ 

the favorable results wp?-p nrtf n human or animal blood, it was felt that 
stimulation of some unexnlEmpl^ ^ hacteriostatic effect, but to the 
abfy the retieulo endpft" r i ^ mechanism in the patient, most prob- 
in vitro 1 ss o?baTt; ?? "T"' observations also showed the 

Such inactivation mu of the gold to an insoluble and inert fom. 

terally ^vben the salts are injected paren- 

stimulating anv ^SVie produced bacteriostasis by 

tions show^lrnfftf V mechanisms of the body. Our obsem- 

used by us arp n r titers, at least for the particular streptococci 

white and differeiitinrbr*^?^^^^ effected, and the results of at least a tbousauc 
not suggest SS thl I 've performed, but have not reported here, d( 

in the eosinonbilpci Pattern is altered, except for an occasional incrcasf 

stasis is not maint’ • entire course of gold therapy. Also the bacterio- 

tive mechanisTTK! ) expected from a stimulation of the protec- 

mj . ’ iost after the cessation of gold salt administration. 

that gold these experiments, therefore, supports the theory 

mis the causath-e agent of the rhen- 

meelmnism ‘^""^^tive agent is infectional. Such a 

and allied onmr, the case after the administration of sulfanihamidc 

the bacterial m- would take place, by coagulation of 

of baeteriol m interfering ivfth the processes of oxidation and reduction 

purely hvnnti °i actual dissolution of the organism, is, of course, 

"-t, it is equally hypothetical at pre.senf 
amide and most other forms of chemother'apy- 
mental mode of action of gold salts has been suggested. In experi- 

effects to <1 + considered by^ some investigators that gold oives its 

and pflPT.i action on the capillary endothelium. Hyperemia, hemorrhage, 

was frmn 1 + demonstrated about the tuberculous lesions. Also gold 

WliPtiio,. ■ u ^ more toxic for tubei’culous animals than for the controls- 
determined^^ ^ mnomena take place in rheumatoid arthritis has not been 

U of the mode of action of gold salts is important, since 

» 1 cariyp with it ^ loiowledge of the land of patients in which geld b 
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liWy to succeed, a rational system of dosage, an explanation of the failures, 
and an indication of the lines which miglit profitably bo followed in the develop- 
ment of new compounds. It is well known in ehemotherapy that the slightest 
modification of a niolcculo carries with it profound changes in curative or 
toxic properties. This has been especially demonstrated in the past in tlic 
development of the pcntavalent arsenic series. 

Also the intermediate and final fate of gold salts injected parenterally 
must I)C thoroughly investigated. However, until an adequate method for the 
(piantitativc determination of gold salts and their derivatives in the blood, 
organs, and excreta, is at hand, knowledge concerning their absorption, distribu- 
tion, and excretion will bo lacking, and a rational system for administration 
cannot be developed. This latter knowledge is of special importance, in view 
of the to.xic effects so commonly sequential to gold therapy. 

CONCLUSIONS 

1. Suhoutaneous injections of gold sodium thiomalate administered to 
ihcumatoid arthritis patients in divided doses totaling as little as 60 mg. and 
lip to 921 mg. were followed by a marked increase in the bacteriostatic power 
ot the serum against Iiemolytic streptococcus, strain Greene. 

2. The observed bacteriostatic effects were in rough proportion to the 
total amount of gold sodium thiomalate given ; the maximum effect being at- 
tained after from 147 to 155 mg. had been administered. Tlie baeteriostasis 
lihappearcd after stopping the administration for three to six months. 

3. Parenteral injections of gold sodium thiomalate did not significantly 
increase or decrease tiic agglutinin titers for hemolytic streptococcus, strain 
Otccne. 

I. Colloidal gold in amounts administered by us did not produce significant 
Meteriostasis. Bismuth subsalicylate was liardly more effective. 

3. Gold sodium tluomalatc was found to be bacteriocidal in vitro against 
‘feptocoecus hemolytic strain Greene, in dilutions through 0.000001 per cent, 
®d bacteriostatic in higlier dilutions. Other common lalioratory organisms 
"wc similarly, though not as markedly, affected. The in vitro baeteriostasis was 
j'l'Shly proportional to the concentration of gold salt. The addition of whole 
’’'I «tent of 50 per cent of the final dilutions in these in vitro studies 

lost completely destroyed the bacteriostatic effect. 
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treatment of pneumonia in RATS^' 


, _ J TUD\ OF THE THERAPEUTIC BfRICIENCY OP SULFAPYJilDJNE 

^BIT . ERUai, and Cojibinations of the T\yo, in Aktificiaija' 
nduced Type I Pneuaiococcus Infection of Albino Rats 


Sauvsl H. Spitz, 31D., Elmer H. Loughlin, M.D., and 
Richard H. Bennett. M.D., Brooklyn, N. Y. 


(j ooper^ ill 1937 treated type I pneiimococeal inlectioBS in rats 

’^1 1 su fanilamide and rabbit antipneumococcus seram, alone and in 

] tt concluded, from their experiments, that sulfanilamide ivss 

et an seiuni and that combined therapy was more eifectwe than cither 
therapy alone. 


_ ^ Gunn- similarlj’- treated tj^ie I pneumococcal infections 

n la s wit sulfapyridine and rabbit serum. They concluded that, when 
ea men was begun within four hours after inoculation, the combined use of 
e man ® fnpi ridine was more effective than either alone. But, when infec- 
established, serum was more efficacious than sulfapyridine; while 
alone^ ®tage the combined use of these preparations offered no more than sevnm 

Botli gi oups of workoi's inoculated the animals intrabronchially with tvpn 
1 pneumococci suspended in gastric mucin. Neither, however, report on blood 
cultures prior to and during treatment of the animals, making it difficult, 
t leretore, to evaluate accurately the effectiveness of any therapy used, since 
t le pre sence of infeetion iiad not been definitely establisbed. 


of Intern.-Jl Jiediclne, Long- Island Colleso of Medicine. 
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The exiicrimenfs we report here were ilonc to determine the comparative 
tffectWencss of sulfapiTidino and type I rabbit antiimeumococcus scrum when 
used alone and in combination in the treatment of type I pnciimoeoceal infec- 
tion in rats. 


SERIES I - SURVIVAL PERIOD OP RATS flRST TREATED AT 6 HOURS -v_ 

ILA 2 3 4 5 6 7 a S 10 11 1? 13 U 



OH i&th day 


Pig. 1. 


described in a previous paper,* was done by 
culture into botli tlic pliarynx and nares. This ctti- 
toBs'i^ suspended in 15 c.c. of a pliysiologic solution of sodium chloride, 

'rithV washings of the peritoneal cavity of a white mouse infected 

toscil'^fl^ pneumococci (El strain), and contained, as a result of tlie peri- 
wSam “^niation, natural mucin in addition to the other components of an 
^niatory exudate. The procedure was entirely nontraumatizing, 
fonden accurate dosage, the siiltapyridinc was suspended in diluted 
^dmin'^f introduced through a stomacli tube. The scrum was 

ered by intraperitoneal injection. 

"’‘^'"'dng approxiinatcl.y 300 Gm. each, were thus in- 
Wtiv n I’aeamc infected, as manifested by the development of 

*1 slv hou°*''^ cultures. Cultures of the blood rvere made prior to treatment, 
fweiity.fonr hows after inocniation, and were repeated at 
“siietl until spontaneous death occurred or recovery 

''In stf *' *'>asc animals of the control and treated series which developed 
cam invasion were included in this report. 

"litb i),' **** wlueh became infected were separated into two scries, eaeli of 
"■a, was divided into four groups. 
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111 Series I, consisting of 22 rats, treatment was started six lioui's after 
inoculation, and blood for culture was taken just prior to beginning treatment. 
Included in. this series were; Group A, 6 untreated controls. Group B, 5 
animals which were treated with seven doses each of 150 mg. of sulfapjridinc 
at twenty-four-hour intervals. Group C, 5 animals which were treated with three 
doses each of 400 units of type I rabbit antipneumococeus serum at twenty-four- 
hour intervals. Group D, 6 animals which -were treated with three doses each 
of 200 units of type I antipneumococeus serum at tiventy-four-hour intervals 
and seven doses each of 75 mg. of sulfapyridine at twenty-four-hour intervals 
In Series II, consisting of 34 rats, treatment was started twenty-four iiours 
after inoculation. Blood cultures were made prior to institution of treatment; 
at six and twenty-four hours after inoculation. Included in this series were 
Group E, 8 untreated controls. Group E, 8 animals which were treated vdtl 
three doses each of 225 mg. of sulfapyridine, at intervals of twenty-four hours 
Group G, 9 animals whieli were treated with three doses each of 600 imits oi 
tj^pe I antipneumococeus serum at twenty-four-hour intervals. Group H, ' 
animals which were treated with tliree doses each of 300 units of type I anti 
pneumoeoeeus serum at twenty-four-hour intervals and seven doses each ol 
150 mg. of sulfapyridine at twenty-four-hour intervals. 


RESULTS 

Series I (Treatment begun at six hours). Group A: All 6 untreated con 
trols died, the mortality rate being 100 per cent. The average perio o 
survival was three days. Group B (Sulfapyridine) : Three of the 5 rats le 
the mortality rate being 60 per cent. The average period of survival of t os 
dying spontaneously was 7.6 days. Group C (Serum) : All five rats recovcTCi 
the mortality rate was zero per cent. Gronp D (Sulfapyridine and senim 
One of the 6 rats died on the seventh day ; the mortality rate was 16.6 pei ecu 

Series II (Treatment begun at twenty-four hours). Group E: Seven of O 
7 untreated controls died spontaneously, the mortality rate being 86 pe^ 
The average period of survival was three days. Group P (SulfaKYi i 
Five of the 8 rate died; the mortality rate was 62.5 per cent. T 
survival period of those dying spontaneously was 5.6 days. Group G ( 

Two of the 9 rats died, the mortality rate being 22,2 per cent, j 

period of survival of those dying spontaneousty was five days. ^ 
(Sulfapyridine and serum) : Two of the 9 rats died; the morta ity 
22.2 per cent. The av^erage survival period of those dying spontaneous . 


4,5 days. 


In the animals that recovered, the blood cultures, on the ayeracCi 


becam 


ill uic ciuimaiS) luau recjuvexeu, tiie uiuuu V of 

negative on the fourth day of sulfapyridine therapy, on the thir aj 
therapy, and on the fourth day of serum and sulfapyridine therapj . ^ 

Post-mortem Eesidts . — ^All rate vvhieli survived were killed at 
the fourteenth day and autopsied. The results of the past-mortem ex. 
confirmed the existence of previous infection. 

Of the 26 rats that died spontaneously, in both the control . g„ 
groups, it was found that 6 (Al, E2, E7, Pl, P4, and F5) had pneumon 



TREATMENT OF PNEUMONIA IN RATS 


SPITZ ET .\L. : 


SERIES H - SURVIVAL PERIOD OF RATS FIRST TREATED AT 24 HOURS 

« ^ A A 7 A Q in II 19 il 
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empyema; 5 (A2, A4, E3, E6, and H2) had pneumonia, empyema, and peri- 
carditis; 3 (A6, B2, and Dl) had pneumonia and pericarditis; 2 (El, F3) 
had pneumonia alone; 2 (El, G2) had pneumonia, pericarditis, and menin- 
gitis; 2 (A3, E4) had pneumonia, pericarditis, and peritonitis; 2 (Bl, FI) 
had bilateral empyema; 1 (A5) had pericarditis alone; 1 (B3) had menin- 
gitis alone; 1 (E5) had meningitis, empyema, and peritonitis; and 1 (HI) 
presented no lesions. 


SUMMARY AND CONCLUSIONS 


1. Type I pneumococcal infection, as manifested by positive blood cultures, 
was produced in 56 albino rats. Sulfapyridine alone, type I rabbit antipneu- 
moeoccus serum alone, or sulfapyridine and serum in combination, were admin- 
istered to 42 animals, treatment having been started at either six hours or twenty- 
four hours after inoculation. 

2. In the treatment of pneumonia in rats, type-specific serum appeared to 
be more efficacious than sulfapyridine alone ; whereas a combination of serum 
and sulfapyridine in approximately one-half the dosage of either used sepa- 
rately'’ gave no better results than serum without sulfapyridine. 


We wish to express our appreciation to Doctors Tasker Howard, J. mner, 

Wade W. Oliver, and jAmold Eggerth for their aid and criticism in the If tlio 

and to Misses Anne Smith and Dora Zuckerman for their aid m the prepare 
bacteriologic material used. 
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CHROMOPHOBE PITUITARY AUBN05LA, AVITH SIJIMONDS’ DISEASE* 


Case Report AVith Autopsy 


Thomas J. Moran, JI.D., Mayview, Pa., and George II. Fetterjian, jM.D. 
Pittsburgh, Pa. 


ANTERIOR pituitmy tumors causing a clinical and pathologic pattern re- 
^ sembling Simmonds’ disease (pituitary cachexia) are of sufficient rarity 
to justify the report of a single case. 

The present report deals "witli the post-mortem finding of a large cystic 
chromophobe adenoma of the anterior pituitary body in a middle-aged negress, 
and sen'es to explain a train of mental, visual, and cachectic disturbances noted 
clinically. 

The knowledge regarding Simmonds* disease lias increased considerably 
since Simmonds’^ first report in 1914. A helpful summary of the outstanding 
pathologic and clinical characteristics of the condition, as accepted today, was 
Siven in 1938 by Farquharson, Belt, and Duff® who also reported one of the 
largest personal series of cases. 

Excellent reviews of the literature were made by Caldcr in 1932® and 
ii'er in 1933.* Of the 70 cases from the world's literature collected by Calder 
and accepted by him as true examples of Simmonds' disease, only 9 were due to 
urnors or cysts. Several other writers have mentioned the rarity of cases of 
inimonds’ disease due to neoplasm, although Horrax,° in speaking of material 
encountered in a neurosurgical clinic, stated that “cases of tumor exhibiting 
^ of Simmonds’ disease . . . are not particularly infrequent." 

REPORT OF CASE 

yetira, a widoAved ncgrcss and a domestic by occupation, was 
193G Mental Department of the Pittsburgh City Home and Hospitals on July 9, 

intp ‘^'^niplaints at this time Averc sleepiness, nervousness, weakness, lack of energy and 
and inability to Avork. 

192'* widoAAcd, she liad had one pregnancy that resulted in miscarriage. In 

'"Srian^^ "l^rus and adnexa had been removed for fibromyomas, chronic salpingitis, and 
s. Her normal weight AA'as 118 pounds. 

to employed and in good licalth until the spring of 1934, when she began 

f'event^ normal sleepiness. Sometimes she would sleep continuously for as long as sixteen 
^ cn lours. She also noticed pain in her back, hips, and legs. 

’’"''""T'f **'' s'lO I'lxl several “spells,” in which evcrytliing “went hlack.” 

she stated that she lost consciousness, but had no convulsions and no 

J^'nwDtineace. 

Patholoey of the PiUsbureh City Home and Hospllals, May- 
“'st. Pj, “ John C. Oliver Memorial Research Foundation. St. Margaret Hospital, Pitts- 
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of £ KttsbMgh hospital with the ate 
firee. Blood pressure ira 
, an-i^Eahn tests were negatirc, Bte 

s. ~z.. lasting blood sugar was Si mg, pci 

^ — ^'.or. s£5 complained of seeing “bugs ca 
~ c-r —zi-ih. were apparently risnal IrailucinafioB-, 
er srnimcce,? a eiry physician in July, IMS, Tli« 
Tz^zsl he^itaL He noted “low Wood prc.^sure, 
. corcering on iselandiolia, and nmolliBgnffs la 






^rd. the patient was listless and quiet. Jk 
an 1 cepressed. She vras always sleepy. During r.» 
nenal times. She complained of numbness ami weakness 
neme. She stated that she had been eating only one 
mterir-i the visaal hallucinations but experienced them 
F-tcir. She vras coherent and relevant in her assirers. 
ehiicish. Her orientation was correct and her Beniort 


icr ra; 
of cmknotvr, t 




art eT'tept that one sister had died of a mental JisM.'C 


— ^The parfeat was a well-developed mulatto negress, weighwf 
Ida po^cts, i ae rpr^tr jaw was C'ieatclons: the lower teeth were carious. The pupils reacted 
s.uggishlw lO light, sae crest was clear. The blood pressure was 120/04. Poise rate wa.' 
Sf per n^ute. The temperaciare was PP.Cri F. The abdomen was soft, with wrinkling of tt( 
srtiii. There was au old ir . f dl i re abdominal scar. Reflexes were noted as norma! at tth 
ritae. Xo other sigaiScaitt findings were recorded. Blood Hinton, Kalm, and Wassermann 
tests were negative. Urinalysis was negative. 

Pro^resA The patient was brought before the committing staff on the tenth day ci 


liospitaljtation. She was not committed but was transferred to the Home Department, 


iriih ‘ 

a diagnosis of nientcl deifciencu and dental caries. 

la the Home Depamnent she attracted little notice. She lost weight gradually, failed 
ia strength, and had increased diflicaltp in swallowing. She was apathetic and mcrisl!! 
dnll. Her sight faded gradnaUv. She helped with the work around the ward until prevenN 
by lier inere,asing we.akness. She became bedridden and helpless in September, 3®^'- ““ 
October 10. 1P37, she had an epdeptiform convulsion. Hrom this point on she failed tapi , 
She wa.^ almost blind in Xorember. On Xorember 9, 1937, she passed into a scinicomato; 
state from which she never recovered. On December 2, 1937, she had three epilepMon 
seizures. On December 7, 1937, she died. 

Clinical Diagnosis. — Cachexia of unknown origin. 

Autops!/. — Autopsy was performed three hours after death, ^ ^ 

Tiie body was extremely emaciated, weighing only 75 pounds. The scalp 
normal amount, black, and kinky. The skin of face was loose and wrinkled, as w.as e 
of the abdomen. The breasts were flat and atropliic. The abdomen presente m 
white striae. There was an old healed 25 cm. niidline scar below the umbilicus. 
axillary hair were scanty. The escutcheon was feminine. There were alsc 

sure sores, including ones ia the scapular, trochanteric, and sacral regions. 
sores over either external malleolus. There was dependent edema of both lower a 
The pupils were round, regular, and equal, each measuring 0.4 cm. in “ 
upper jaw was edentulous ; the teeth remaining in the lower jaw were aWonxr 

jaw was prominent, long, and protruding. The chest was flat and .symmetrica . 

was soft and flat. _ • j mor bio-'-= 

Head. — On attempting to remove the brain, a large partially wsJ tc- 

(li.'ieiivercfl in the sella turcica, extending up into the base of the brum. 
moved without rupture of the cystic portions of the tumor. Tlic solid pw >o 
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asittal section of the cerebrum showing the solid portion of the tumor pressing against 
the fornix and corpus callosum. 
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had to be removed forcibly from the right side of the sella. At this point part of the mudiy, 
gelatinous tumor substance was left behind, where it had eroded through the pituitar)- capsule 
and adjacent dura, and grown around the right internal carotid artery in the cavernous 
sinus. The floor of the sella was thinned, but its continuity was unbroken. The sella iv.as 
2.25 cm. long, 2.50 cm. wide, and 2 cm. deep. Except for the sellar enlargement, the base of 
the skull was not remarkable. 


JSraju.— The brain weighed 1,400 Gm. and measured 17.75 by 14 by 9.5 cm. The tumor 
mass at the base of the brain was 10 cm. wide, 6 cm. long, and 0.5 cm. in depth (see Fig. 1). 
The tumor w'as composed of a solid sellar portion and two symmetrical cystic prolongation.!, 
one extending into either cerebral hemisphere. 

The solid sellar portion presented a flat, yellowish-gray, soft but firm, granular, and 
friable out surface. 


The cystic prolongations were remarkable in their symmetry, large size, and encroach- 
ment upon frontal and temporal lobes. Each of these two cystic units measured 5 by 4.(5 hj 
4.50 cm. Sagittal section of the cerebrum passed through the septum, dividing the two 
cj'sts so that neither was ruptured by the cut. The cyst walls were thin and fragile, with a 
dull bluish translucence. Each was filled with brown finely flocculent fluid. The extension of 
the cysts into brain substance w’as anterolateral in either case. On the left side the blui.h 
translucency of the cyst could be seen externally in the divulged lateral fissure in the Iron a 
lobe. 

No actual invasion of the brain tissue was observed, but there was compression atrophy 
of both frontal and temporal lobes, with flattening of the convolutions and near obh era lo 
of the sulci over the vertex. ^ 

The arterial and nervous elements at the base of the brain were 
basilar artery and the vertebral arteries were thin and attenuated. The divisions 
of the basilar artery gave off thin communicating branches to the internal caroti ar er ^ 
either side of the tumor. The anterior cerebral arteries could not be identifie . 
nerves were stretched, thinned, and flattened. The cystic prolongations reac e 
to the tip of either frontal lobe and extended back along the corpus callosum o le 
the mammillary bodies (Fig. 2). The solid portion of the tumor extended rom 
to the fornix where it had caused thinning of the fornix and corpus cal osum. 
tumor nearest the fornix was necrotic, being reddish-brown, mushy, and granu ar. 

Microscopic Description . — From formalin-fixed tissue paraffin sections we e^ 
stained with hematoxylin and eosin, phosphotungstic acid-hematoxylin, van Gieson 
tissue method, 'Wilder’s reticulum stain, and Spark’s differential stain for pitui a y 

The tumor was predominantly chromophobic. Small, slightly grouped 

cells were arranged usually- in compact solid sheets and cords (Fig. 3), fibrous con- 


around tiny blood vessels to form pseudorosettes (Fig. 4). A scanty, - „ The com- 

■ ■ VO types Fig. o)- 

moderate variation 
staining- 
of 


nective tissue stroma was present. 


The essential cells were of two 

moner type was large and v-esicular, with a heavy chromatin network and ^ 

in size and shape. The other type was smaller, with a compact, a mos^^^^ 

chromatin content. There were very occasional normal mitotic figures. jj^fyngstie aciih 
most cells was scanty, pale, slightly granular, and neutrophilic. In the p 10 in the 

hematoxylin stains numerous, fine, rodlike mitochondria were found dis Near 

periphery of the cytoplasm. In one small area a few large eosinophilic ce^ found in 

these eosinophilic remnants was a tiny microscopic colloid cyst, similar 0 


the normal pars intermedia. 

The cy-st walls were composed of fibrous tissue in w 
tumor cells, similar to those in solid portions of the growth, 
numerous red blood cells and an occasional tumor cell. 

Neel ;.- — Unfortunately the thyroid gland was not examined. 


i-hose meshes were 


of 


Smear of the cy- 


st fluid 


Thorax.— The left lung weighed 100 Gm., the right lung 270 Gm. 


Tlie Iienvt was 


very 


small, weighing only 135 Gm. 

Abdomen. — The liver weighed 750 Gm., the spleen 50 Gm 


Gm., the right kidney 110 Gm. The adrenals were 


Tim left kidney w 

small and generally atrophic. 


mighc-i 



:• 3.— Photomlcrograpli of tumor (X368) showing: typical arrangement of chromophobe celU ; 
a scanty fibrous tissue stroma Is seen (H. & E ). 



^^°tomlcro^aph o( tumor (X368) showing" pcrithelial rosettes (H. & E-)- 




"(F’’ 

V • 




> 4,* ® ♦ A' ■ *** ‘^ 


'it 




gsx:;^ 


f'p. ■ 


toinlcrograph of tumor (X73G) showing two tj-pcs of chromophobe nuclei (H. & E.). 
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Microscopic examination of thoracic and abdominal organs revealed nothing of interr.-t. 
Pathological Diagnoses . — Cystic chromophobe adenoma of pituitary body, Simmonds’ 
disease, emaciation, microsplanchnia. 


COMMENT 

Although certain phases of the clinical study in this case are incomplete, 
the entire picture conforms with that of Siminonds’ disease. 

Admittedly many of the clinical findings might be explained on the basis of 
an enlarging intracranial tumor in the region of the optic chiasm with pressure 
on neighboring structures. Nevertheless, the clinical presence of anore.xia, 
progressive emaciation, mental impairment, asthenia, and somnolence, combined 
with the post-mortem findings of pituitary destruction and microsplanchnia, 
justify, in our opinion, the inclusion of this case in the Simmonds’ group. 

The neurologic symptoms are interesting, and could be due either to 
“neighborhood signs” of a tumor or to anterior pituitary destruction. 

From a morphologic standpoint the tumor is benign. The fact that the 
tumor extended into the cavernous sinus is not in contradiction to this belief. 
There was compression of brain substance at other points hut never replace- 
ment. 

The finding of pituitary tumor and Simmonds’ disease in a patient in a 
mental and home department re-emphasizes the well-known fact that a laigopci- 
centage of organic pituitary disorders are to be found in such institutions. 


CONCLUSIONS 

1, A ease of Simmonds’ disease with pituitary tumor is repoited with 
autopsy findings. 

2. The tumor, a semicystic chromophobe adenoma, had resulted in com 
plete destruction of the pituitary body. 
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THE HISTOPATHOLOGIC CHANGES IN 5IYELINATED NERVE 
FIBERS OBSERVED BY THE POLARIZED LIGHT IMETHOD 
FOLLOWING ARTIFICIALLY INDUCED HYPERPYREXIA* 


11. ^1. 'Weaver, Detroit, Mich. 


INTRODUCTION* 

T’HE introduction of artificially induced hypei'pyrexia a.s a modern clinical 
^ practice has aroused in the minds of many investigators the desire to know 
the possible histopathologic effects of varjnng lengths of expo.sure to carefully 
controlled body temperatures. In cooperation with the Departments of Medicine, 
Pathology, and Anatomy of The Ohio State University, an extensive survey of the 
effects of hj’perp 3 Tcxia was undertaken. The scope of this communication will 
he limited to that portion of tlie work concerned with the possible histopathologic 
alterations of peripheral myelinated nerve fibers from animals subjected to 
artificially induced hj'perpj'rexia. 


MATERIALS ANT) METHODS 

Healthy, young adult rabbits of both sexes were chosen as experimental 
animals. 

^hptrpyrcxia-Producing Techniques.— H-wo distinctly different types of 
^erpyrexia-produeing machines were used in this investigation, \az., (1) the 
filtering hj’pertherm, and (2) a radiolherni. 

The Kettering hj*pertherm employed was the same machine that is used 
or the treatment of patients in the Outpatient Clinic of The Ohio State Univer- 
1 ospital. Elevation of the body* temperature occurs in this machine (1) 
^ finever the temperature of tlie enclosed air exceeds that of the body, and 
1 ) whenever the humidity of this same air becomes sufficiently great to prevent 
^J^aporation of sweat from the surface of the body. It should be emphasized here 
I is method of producing hyperpyrexia docs not depend primarily upon in- 
tarf P^o<iuction by the body, but instead it elevates the body tempera- 

^ > depressing the efficiency of the mechanisms for heat loss. 

employed was designed and built by Professors E. E. Dreese 
I'niv * ' * Department of Electrical Engineering of the Ohio State 

(jj ^ for use in the study of experimental animals. The machine consists 

located the electrode plates. Numerous 
preve^r\^^ cabinet provide adequate circulation, and fiber-board guards 
1 ^ ^ from being burned by the electrodes. The machine produces 

of 25 meters at 12,000,000 oscillations per second, and its radio 

B®Partment of Anatomy, Ohio State University School of Medicine. Columbus. 
Receiv*.,! , ^ Anatomy, Wayne University College of Medicine, Detroit 
for publication. April 24. 1940. 
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frequency can be varied from 0.02 to 0.5 amperes, or 1 to 4 tliermoampcics. 
Production of hyperpyrexia by this method, in contrast to hypertiierm.v, is due 
to lieat generated in the animal’s tissues by the passage of an electric current. 

Parallel periods of hyperp 3 mexia were induced by the h.vpertlierm and 
radiotherm techniques, respectively, and the tissue changes were compared. The 
investigation included the production of high temperatures for short lengths 
of time, as well as relativelj’’ low temperatures maintained over long intervals. 
Some of the animals were subjected to hyper pj-rexia until death resulted, where- 
as others were allowed to recover. In a few instances rabbits were subjected to 
intermittent periods of sublethal hj-perpyrexia over considerable intervals of 
time. 


During each extended period of hj’^perpj^rexia all animals were given ap- 
proximately 50 C.C. of 1 per cent glucose in normal saline bj' stomach catheter at 
three-hour intervals. The quantity of fluids administered and the frequcnc.v 
of the dose were varied to that necessary to maintain a constant bod.v weigiit. 

Rectal temperatures in degi'ees Fahrenheit were recorded from each animal 
at fifteen-minute intervals during all periods of experimentally induced hj^ci- 


pyrexia. 

All animals not subjected to lethal temperatures were canceled hj an 
emboli. Complete autopsies were performed iramediatelj' after death in all cases. 

Histopathologic Method . — Preliminaiy observations demonstrated the neces- 
sity of a sensitive technique for the study of the possible alterations 
peripheral mj^elinated nerve fibers of the animals used in this experiment. 
work of Baldi,^ Setterfield and Sutton^. ^ Sutton, Setterfield, and pauss," Setter- 
field and Baird,® Setterfield and "Weaver,® Toomej" and Weaver,*’ ® and eaver 
and Kitchin® has con^dneed me tliat the polarized light method is the mos 
sensitive and accurate technique available for studjdng degenerative phenoracn 
in periphei’al mjmlinated nerve fibers. ^ 

The nerves to be studied were removed from the animal at autopsj, 
out without stretching on a segment of a tongue depressor, and fixed foi 
four houi’s or longer in a solution of 10 per cent neutral formalin. a iw 
were then cut longitudinally on a freezing microtome at a thickn&« o 
microns. The sections were floated onto slides from water and moun c 
neutral glycerin. 

Examination of peripheral mjmlinated nerve fibers by the polaiizcd 
method reveals the presence of two optieallj' different materials, 
those exhibiting the phenomenon of birefringence, and (2) those charac er^^^ 
the state of isotropism. In rotating the stage of the microscope t 
degrees, the birefringent material can be seen to become alternate j 
dark four times in each revolution. The isotropic material, on the o 
remains dark at all points in the revolution of the stage. 

In genei’al, the appearance of peripheral mjmlinated nerv e fibers, a ^ 
polarized light, closety resembles that revealed by the classic tec special 
axis cj'linder, neurokeratin framework, and mj'elin sheath requ 
description. 
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The axis cylinder (Figs. 1 and 2), as commonly referred to in the literature, 
is composed of two portions, i.e., (1) an inner cylindrical rod, the true axis 
cylinder; and (2) an outer enveloping sheath, the non-neurofibrillated portion 
of the axis cylinder. In polarized light the true axis cylinder is isotropic, deep 
black, homogeheous, and of uniform caliber throughout its length. The non- 
neurofibrillated portion of the axis cylinder, as seen in polarized light, is iso- 
tropic, but less intensely black than the true axis cylinder, and very slightly 



Clanieters, ^ drawing of normal nerve fiber as seen in polarized light. Approximately X3.000 


portion of the axis 

axis portion 


8. Cementing disk. 

9. Bracket of Nageotte. 

10. True axis cylinder. 

11. Ostium of Infundibulum 

12. Nucleus of Schwann cell. 

13. Incisure of Schmidt-Lantermann. 

14. Infundibular ring. 


ttcepf f ' have described the axis cylinder to be of constant caliber, 

"Mchth'” at the level of the cementing disk, above and below 

He pjp aa enlargement. By reference to Fig. 1 it can be seen tliat it is 
'datrnm portion of the axis cylinder only that is involved in this 
S'fflmt and in the constriction. 


NO. OF 

an- 

imals 

16 


the jouenae op eabokatoey and cunicae „eto 

F,oo„„,,^ O.S,.,A„0K.s AN. BE..™ 


FEVER 

MACHINE 


TREATitENT 


Control 


Hypei therm m>.0° F. until" 
death 


JiiCRoscopic appearance 


OF NERVE FIBERS 


Radiotherm Eithal tempera-" 
' ^ ture 

Lethal tempera- 

^re 

Radiotherm 709.0“ F. until “ 
death 


in t ns specie.s of animal are someirhat 
peculiar m that the non-neurofihriilafc! 

slight peripheral irregularity, and are 
cliaracterized by a more or Icja pro- 
nounced vacuolization just above and 
below the cementing disk, inioncver 
these terms arc employed in tlie descrip- 
tion of nerves from experimental animals, 
it is to be understood that they repre- 
sent changes over and above that seen in 
a normal fiber. 

I Normal 


” mo^. until 
death. One an- 
imal canceled 
after 13 hours 


Bxtensive peripheral irregularity and 
marked vacuolization at the nodes of 
Ranvier of the non-neurofibrillatcd por- 
tion of the axis cjdinders, Numcrons 
peteebiae in the nerve trunk. In one an- 
imal degeneration was more marked in (iO 
per cent of the fibers. In the latter (Fig. 
4) the myelin sheath contained much iso- 
tropic material; approximately 25 per 
cent of tlie true axis cylinders were frog- 
mented; the non-neurofibrillated portions 
of the axis cylinders were badly swollen 
fragmented, and more markedly vacuo 
lated; the neurokcratin framework wai 
swollen and isotropic; nodes of Ranvici 
were liardl)- recognizable; and the slicatli 
of Schwann apparently contained more 
nuclei than normal. ______ 

'I’he nerve fibers showed some edema; tlie 
axis cylinders, both the true and non- 
neurofibrillated portion.^, .showed an ex- 
treme degree of vacuolization and frag- 
mentation in the majority of the fibers; 
the myelin sheath contained mmicrous 
globules of isotropic material; the nodes 
of Banvier were scarcely recognizable, 
but when seen were swollen and filmd 
with isotropic material; the jicurokcrntin 
framework was either isotropic or luddon 
in the adjacent degenerated debris; J 'C 
sheath of .Schwann was edematous (rig- 

^)- ^ 

All fibers .sliowed peripheral irregulariti o 

the non-neurofibrillatcd portion of 
axis cylinders. In half the animals > 
neurokeratin framework wa.*; fwollcn am 
isotropic, and there was edema of i 
non-nourofibrillatcd portion of the a- -' 
cylinders. One animal showed vacuo i - 
tion and fragmentation of the non-ncu 
fibrillated portion of the axis o.vhoi - 
and fragmentation of a large 
of the true axis cylinder.', 
considerable derangement of the ‘ ■ 
Ranvier. Two animals showed i-'O P 
material in the invelin slicath.'. 
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EXPERIilENTAL PnOCKDURE, OllSEftVATIONS, AND KeSULTS — CoNT’d 


CROUP 

KO. OF 

AN- 

IMALS 

FEVER 

llACirfNK 

TREATMENT 

Minio.srori(‘ ArrEAKANcE of nerve fibers 

G 

2 

Hypertherm 

10S.0“ F. until 
death 

The myelin slicaths contained f-ome isotropic 
material; the nourokeratin framework 
was swollen and isotropic; in about 50 
per cent of the libers the non-neuro- 
librillated portions of the axis cylinders 
showed peiijiheral irregularity and were 
markedly \acuolatod. and some showed 
(‘onsideiahle edema. 

H 

- 

Rudiotlierm 


Normal 

I 

2 

Hypertlierm 

107.0“ F. until 
death 

I'he non-neuiofilirilUited portion of the axis 
cylinder.^ shoued some edema, peripheral 
irregulanty, and marked vacuolization. 
In one animal the neurokeratin frame- 
work uas isotropic and swollen slightly, 
and one |>etechia wa.s observed. 

J 

1 

Hypertlicrm 

105,5“ P. for 4:Wi 
hours and can- 
celed 

'riio neurokeratin framework wa.s slightly 
swollen and 10 per cent of the fibers 
showed edema of the non-neurofibnllated 
portion of the a.vis cylinders. 

K 


Hadiotherm 

Intermittent pe- 
riods of 300.5“ 

1 r. Total of 18 
hours. Seven 
day.s recovery 

In one animal there was a slight swelling, 
peripheral irregularity, and vacuolization 
of the non-neurofibnllated portion of 15 
per cent of the axis cylinders. In the 
other animal these changes were more 
marked, especially at the nodes of Ran- 
vier. 3'cn per cent of the fiber.* in tin.* 
animal shoued fragmentation of the true 
axis cylinders and isotropic material in 
the myelin sheaths. 

1 

2 

1 

Hypertherm 

Intermittent pe- 
riods of 100.5“ 
F, Total of 18 
liours. Seven 
days recovery 

One animal showed slight vacuolization of 
the non-ncurofibrillated portion of the 
axis cylinders. In the other animal the 
fiber.* were normal, except for those in 
one small fasciculus which were charac- 
terized by a marked vacuolization of the 
non-neurofibrillated portion of the axis 
cylinders. 


2 

Hj-pertherra 

1 

Intermittent pe- 
riods of 108.0® 
F. Total of 50 
hours. Seven 
days recovery 

One animal showed peripheral irregularity 
of the non-neurofibrillated portion of the 
axi.s cylinders and marked vacuolization 
in 10 per cent of these structures. In 
the other animal the non-neurofibrillated 
portion of the axis cylinders was slightly 
^■acuolated, and the neurokeratin frame- 
work wa.s slightly swollen and isotropic. 


rtadiotherm 

108.0“ F. for 8 
liours. Thirty 

days recovery 

In one animal the nerves were normal. In 
the other animal the fibers showed a 
marked vacuolization of the entire length 
of about 10 per cent of the non-neuro- 
fibrillated portions of the axis cylinders, 
and some isotropic material in the myelin 

''IT' 

- — ___ 

. 


sheaths. 


^ypertherm 

108.0“ F. for 8 
hours. Thirty 

days recovery 

The myelin sheaths contained numerous 
globules of isotropic material; the neuro- 
keratin framework was swollen and iso- 
tropic; there was peripheral irregularity 
of the non-neurofibrillated portion of the 
axis cylinders in 50 per cent of the fiber.*, 
and marked vacuolization of the entire 
length of these structures in about 25 
per cent of the fibers. In one animal 
there was considerable derangement of 

’ ■ 






the nodes of Eanvier. 
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In a normal nerve fiber the nenrokeratin framework (Pig. 1) is verv diilieiiK 
to see because its index of refraction is only slightly different from that of the 
myelin sheath. Under an oil-immersion objective tlie nenrokeratin framework 
appears as a thin, isotropic, skeletal S 3 ''stein of anastomosing trabeculae, whicli 
bridge across the injmlin sheath from the non-neurofibrillated portion of the 
axis cylinder to the sheath of Schwann. This spongj^ nenrokeratin framework 
contains potential cavities of varying size — ^potential because tliey are frlled with 
true myelin. In certain edematous and degenerative changes of tire nerve fiber 
the neurokeratin trabeculae become larger and somewhat darker. 



Fiff. 2. — ^Babbit 100, Group A. XI, 575 diameters. 

The myelin “sheath” (Fig. 1) is, in polarized light, the only 
nerve fiber exhibiting the phenomenon of birefringence. Under high 
tion it becomes apparent that the myelin is not in the form of a shea i, 
stead is present as variously-shaped globules confined to the intemtiees 
neurokeratin frameivork. As degenerative changes in a nerve fiber piOoics , 
mj-elin progressive^ loses its birefringencj'' and becomes isotropic- 

DISCUSSION . 

An examination of the histopathologic changes noted in 
nerves of the animals presented in this study reveals the nceessitj o 
tion of their reversibility or irreversibilitj^ ,, n-a.s 

During earlier studies on poliomjmlitis (Toomej' and 'NYeavet 
pointed out that fragmentation of the true axis e 3 -linders was alwavs 
with some degime of muscular dj'sfunction. During acute stages 
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myelitis 'tlie number of true axis ej'^liuders showing fragmoiitatioa were iioicd. 
If animals under similar conditions were allowed sufficient time to recover ami 
their nerves again examined, the number of nerve fibers showing complete de- 
generation corresponded closety to the number of nerve fibers showing frag- 
mentation of the true axis cylinders during the acute stages of the disease. 
From this observation it was infewed that fragmentation of tlie true a.\'i.s 
cylinder is irreversible in character, though it must be kept in mmd that regen- 
eration of the fiber may occur if the cell body is not destroyed. 

Periphei'al irregularity, vacuolization, and fragmentation of the non-neiiro- 
fibrilJated portion of the axis cjdinder may be considered reversible in character, 
although these changes are indicative of injury to the nerve fiber. The intonsitv 
of the injury probably becomes progressively greater in the order that they liave 
been named. The truth of this statement is indicated by the fact that in acute 
.stages of poliomyelitis almost every nerve fiber is affected by these changes, If 
an animal showing these changes (for example, an animal suffering from acute 
poliom.yeIitis but shoudng little muscular dysfunction) is allowed sufficient time 
to recover and their nerves are again examined, essentially all the nerve iiheis 


will appear normal. 

It should be pointed oiit that some vacuolization, especially at the nodes of 
Ranvder, and some peripheral irregularity throughout its entire length, is chaiac- 
teristic of the noii-neurofihrillated portion of the axis cylinders of fibers bow ^ 
normal animal. Whenever these terms were employed in tiie description of t le 
nerves from tiie experimental animals employed in this investigation, it is to >c 
understood that they represent a change over and aliove that seen in a norma 
fiber. 

The presence of isotropic granules in the myelin sheaths is nndoubtedb au 
example of an irreversible tj’pe of degenerative change, although the present 
of these granules is not necessarily indicative of neurologic dysfunction, r ^ 
a series of isolated observations on the nerves of animals subjected 
Ijires of stress, during both acute and recovery stages, it is believed that 
isotropic granules are removed by the phagocytic activity of the ncnri c 
cells. _ .. 

Edema of the fiber as a whole, or of any of its parts, with the 
exception of the true axis ejdinder; irregularity and wariness of the 
swelling with increased isotropism of the neurokeratin framework, aie ® 
sidered to he reversible in character, and, when present alone, to he.m ica 
rather mild injiirj' to the nerve fiber. . ^ 

Although it was in most cases considerably' more difficult to 
constant temperature by radiothermy than by liyToerthermy, a cursory 
tion of the desei’iptions of the peripheral nerves reveals that degenerative 
were more marked in the series subjected to radiothenny. There diffu'" 
only hro possible explanations for this seeming dissimilarity; ( series siffi- 
ence in the mici'oscopic picture of the nerves of the animals in the two s 
jected to practically identical jieriods of average temperature 
cases at least, be explained by the fact that animals in the hy 

were allowed to move aljout freely, wliereas the production of he 

hyTierthermy necessitated restraining the animals so that their ma 
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retained outside the macliine. Examination of the gross necropsy findings in 
the animals in both the radiotliermy and hyperthermy groups revealed a marked 
derangement of the blood vascular system. Since the efficiency of peripheral 
circulation is influenced greatly by the tone and activity of limb muscles, it is 
only logical to assume that restraining the animal from moving would tend to 
depress the efficiency of the already nearly (or actually) inadequate circulatory 
system and, thereby, tend to hasten anoxia in the extremities. Since it is well 
knoTO that nervous tissue as a wliolc is particularly sensitive to this condition, 
it might be utilized as an explanation, in part at least, for the more pronounced 
picture of degeneration in the nerves of the hyperthermy animals. (2) The 
passage of short radio waves through the tissues of the animal may in some 
manner unknown to me serve to counteract the deleterious effects of hyper- 
pjTexia or of its sequelae. 

Experiments arc now in progress in which anoxia has been pi-oduccd with- 
out elevation of the body temperature. Compari.son of the ti.ssucs of these 
animals with those just dcscrilicd will, we trust, enable us to make a more 
definite statement as to the etiology of the histopathologic changes following 
artificially induced hyperpyrexia by the methods of radiotliermy and hyper- 
thermy. 

The description of the histopathologic changes noted in tlie peripheral nerves 
of the different groups of animals reported in this paper has been summarized, 
^’o further discussion is indicated. 

SUJIMARY AND CONCLUSIONS 

In cooperation with tlie Departments of Medicine, Pathology, and Anatomy 
of The Ohio State University, an extensive program was undertaken, the primary 
object of which was to determine the possible histopatliologic effects of artificially 
■nduced hyperpyrexia by the methods of liypcrthermy and rndiothermy. The 
present paper has been confined to the clianges observed in the peripheral 
•myelinated nerves of the animals used in this joint investigation. 

Using rabbits as the experimental animal, the investigation extended from 
e production of high temperatures for short lengths of time to relatively low' 
eruperatures over long intervals. Some of the animals W'erc subjected to hyper- 
pyrexia until death resulted, whereas others were allowed to recover. Finally, 
^ ew rabbits w'erc subjected to intermittent periods of hyperpvTCxia over con- 
intervals of time. 

1 1 examination of the peripheral nerves by the polarized light method 
5's reached following conclusions : 

• Ilegenerative changes W'cre more marked in tlie series subjected to 
hyperthermy than in the series subjected to comparable degrees 
'j ■“Ibermy. A possible reason for this was discussed, 
to h • from the normal in the nerves of rabbits subjected 

by hyperthermy or radiotliermy, wdien the duration of hyper- 
)j between thirty-three and seventy-five minutes, and the terminal 

P'ratures varied from 111.5° P., to 111.9° F. 

11)870 ^^’b'^Pyrexia by cither method, in which the temperature varied between 
and 109.1° P., and the duration of hyperpyrexia varied from four 
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hours and five minutes to seven hours and two minutes, resulted in marked 
degenerative changes of irreversible and reversible types in the peripheral 
nerves of rabbits. 


4. In rabbits subjected to hyperpyrexia by radiothermy or hjpertliermy 
until death, and in which the temperature did not exceed 108.3° F., the 
peripheral nerves were characterized by degenerative changes of the reversililc 
type and, furthermore, the intensity of these changes was directly proportional 
to the height of the temperature. It is quite possible that changes of this nature 
are responsible for the occasional cases of neuritis seen in patients following 
artificial fcA^er therapy. 

5. In rabbits subjected to intermittent periods of hyperpyrexia (approxi- 
mately one exposure of from three to six hours’ duration each week, and varying 
from 106.1° F. to 107.84° F.) — duration of hyperpyrexia extending from 
eighteen to fifty hours, with one week recovery time allowed between last ex- 
posure and time of cancellation, the peripheral nerves showed only mild in- 
tensities of the reversible types of degeneration. 

6. In rabbits subjected to hyperpyrexia by hyperthermy or radiothermy in 
which the temperature varied between 107.65° F. and 108.05° F. for eight 
hours, and in ivhich thirty da3’'S intervened between the time of exposure and 
the time of cancellation, the peripheral nerves showed less change in the radio- 
thermj’- group than in the hyperthermy group. In both groups, however, there 
xvas evidence of a rapid return to the normal. 


I •5\’ish to express my sincere appreciation to Dr. Linden this report: 

of anatomy, Ohio State University, for his critical reading of and help „ dentai 

to Dr. Juiien M. Goodman, then a medical student, and to Dr. Milton rrocc- 

student, for the many hours they so patiently and skillfully devoted to the expenme 
dure involved in this investigation ; to Dr. Charles A. Doan, professor of rnedicmc. u" 
University, for his help in arranging the details of the experimental procedure or u 
Lon. for furnishing the experimental rabbits, and for his generosity of DO' 

facilities and equipment of his department ; to Dr. Paul C. Kitchin, ,5 Jll!nhlr enuiprac''' 

tistrj', for his permission to use the polarized light microscope and the photoCTapnic ‘ 
of the College of Dentistry ; and to Mrs. Elizabeth Arrowsmith for her faithful exeem u 
drawing presented in this paper. 
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CLINICAL CHEMISTRY 


EFFECT ON THE NEWBORN OP VITAMIN K ADMINISTERED 
TO MOTHERS IN LABOR* 


J.W. Hull, Ph.D., A. H. Bill, M.D., and Helen Skowuonsica, M.S. 
Cleveland, Ohio 


IN AN effort to eliminate hcmori'hagic discauc of the newborn, we Iiave given 
^ synthetic vitamin K, in gelatin capsules containing 1 mg. of 2-metliyl-l,4- 
naphthoquinone in corn oil,t to a series of 100 women in labor. The prothrom- 
bin clotting time was then determined on the babies, starting the first or second 
day of life, and usually repeated every other day until at least four determina- 
tions had been made. In some few cases babies were taken on successive days, 
Vi’hcn checks seemed desirable, and others on occasion skipped two days. Each 
determination reported was the result of three or more successive readings. A 
similar study was made on a series of 100 controls. 

For such a study a mctliod economical in blood was necessary. An adapta- 
tion of the bedside method of Quick,' which gives a practical measure of the 
tendency to bleed, proved satisfactory. A total of 20 c.mm. of blood, drawn from 
^ beel puncture, was discharged directly from tlic pipette into a similar amount of 
thromboplastin on a depression slide, and the mixture was stirred with a needle. 
The needle was then drawn through the blood until a clot was demonstrated. 
The interval between the contact of the blood with the thromboplastin and the 
rst clot, read on a stop watch, is the prothrombin clotting time. Free flowing 
ood :vas necessary, the puncture being wiped clean each time before filling the 
P'PGtte. Squeezing or milking tended to alter the results, and repeated tests 
m the same puncture tended to give faster clotting times. Duplicates could 
^^3lly be obtained agreeing to within 0.5 second. AYhen they did not agree, 
Gfe \\as generally a recognizable reason, in which case the value obtained under 
e niorc satisfactory conditions was accepted, 
a d ^^^’^^^boplastin .was prepared from rabbit brain as described by Quick,- 

the dried product, well stoppered, was kept satisfactorily in the refrigerator, 
ound it advisable, however, to prepare fresh saline suspensions every third 
^ frequent use necessary, we found a tendency toward slower 

the d fourth day. The suspension was prepared by adding 0.3 Gm. of 

^ ^ ^^I’iited rabbit brain to 5 c.c. of normal saline containing 0.1 c.c. sodium 

incubating for fifteen minutes in a water 
}jj The stoppered suspension was then centrifuged very slowly for 

millcy liquid was decanted off for use. This was kept 
'^^oppered in the refrigerator when not in iise. 

of the Maternity Hospital and the Department of Obstetrics, School 
tThw' t Reserve University, Cleveland. 

ReceS, ® Microcaps were supplied by E. R. Squibb & Sons, New York, 
a for publication. January 10, 1941- 
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We did not find the device of using the clotting time of a normal adult as a 
standard satisfactory for determining the percentage of prothrombin in the 
sample under investigation.^ Repeated tests on nonnal adults, using the same 
procedure ivith finger blood substituted for the heel puncture, showed a consid- 
erable variation from time to time. In one person, H.S., tested on 14 different 
occasions, there ivas an extreme variation of from 14 seconds to 23.7 seconds. 
Another, J. M., varied from 15.5 seconds to 24.2 seconds, and a third, V. M., from 
16.8 seconds to 24.2 seconds. Furthermore, there is a difference between dif- 
ferent individuals taken at the same time under the same conditions. On March 
2, 1940, this amounted to almost four seconds between four normal adults; on 
November 26, 1940, to 1.6 seconds between two adults ; and on December 19, 1940, 
to almo.st one second between two others. For this reason, we consider it better 
to use the average time, 19.2 seconds, determined from 21 different individual 
adults, as shovui in Table I. We also feel it more accurate to report all findings 
directly in time, rather than converting them by formulas to percentages of 
prothrombin. 

Tabue t 


Determix.\.tion of Prothrombin Clotting Time on Normal Adults 
Modified Bedside Method 

(Time in seconds. Thromboplastin preparation one to four days old.) 


DETERMINATIONS JtADE 

PATIENT 

NO. TESTS 

3/ 2/40 to 9/ 6/40 

H. S. 

14 

3/ 2/40 to 12/19/40 

J. M. 

r 

3/ 2/40 to 4/23/40 

AL M. 

4 

3/ 2/40 

R. M. 

1 

5/ 1/40 to 5/ 2/40 

P. C, 

o 

8/ 6/40 

S. L. 

1 

8/ 0/40 

M. 6. 

1 

8/14/40 

M. K. 

1 

9/20/40 to 9/21/40 

D. D. 

o 

9/23/40 to 9/24/40 

E. S. 

2 

10/ r/40 

J. S. 

1 

10/14/40 

D. B. 

1 

10/30/40 

H. H. 

1 

10/31/40 

M. B. 

1 

11/ 5/40 

M. S. 

1 

11/20/40 

B. S. 

1 

11/26/40 

M. P. 

1 

11/26/40 

M. M. 

1 

11/29/40 

A. H. 

1 

12/19/40 

J. C. 

1 

12/19/40 

G. G. 

1 


Average time for all patients 


AVERAGE time 


19.3 

20.3 

19.8 

20.9 
21.1 

14.9 

15.2 

15.0 

19.4 

20.2 

19.4 

IS. C 
21.2 
2I.T 
19.2 

19.5 
19.4 

IT. 8 

21.0 
18.7 
19.0 
19.2 


A summary of our results is presented in Table II. It is evi cn 
series receiving the vitamin K shows a much more rapid clotting tmic 
controls. The averages for each of the ten days studied is fastei, t ic imn 
values are lower in every group, and even the minimum findings 
than those of the controls until tlie ninth and tenth days, by 
infants are supposed to have re-estahlished normal clotting times. - jjpa,-]y 
ing yet, however, is the fact that on the first and second days o jn ) 

third of all the controls done were higher than the maximum 
experimental series for those same days. On the third and ^ ns l'M^*'^ 
half of the controls were over the vitamin K series maximum, an eicn 


a 
in 

over 
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the sixtli day a third allowed a slower clotting time than the slowest treated 
patient. After the seventh day recoveiy is apparent, .since both serie.s approach 
the normal adult time. It is worthy of note that the maximum figures given in 
the table are not successive determinations on one or two babies, but in the ten 
days, are from 7 different persons. 

We tried to give the vitamin IC cap.sules with water during the first stage 
of labor from four to ten hours before delivery, and before any anesthesia. 
Naturally this was not always possible, and in 11 persons, where it was evident 
that the time would he longer, a second capsule was given. In 18 other women 
delivery followed in less than four lioui-s. Of these, 2 showed about the average 
clotting time, 9 were faster than the average, and 7 were slower; none of the 7, 
however, was as .slow as the average for the control scries. There were also 18 
patients who were not given a second capsule, although delivery came after ten 
hours. Of these, S were slower than the average for the treated series, 4 were 
fader, 5 were above average for the first day or two of life, then fell below the 
average, and one started slow then became better than average. One of these, 
below average throughout, by the fifth day had fallen below the untreated aver- 
age. Prom this we conclude that normally absorption of the drug is fairly rapid, 
four hours apparently being more than ample, but that the maximum effect 
begins to fade after about ten hours. The 5 babies that started faster than normal 
only to fall below later would indicate they had more of a supply of the vitamin 
in their systems at birth than untreated babies, but not enough to last until they 
bad established their own supply. 

One case in the treated scries stood out as a mai’kcd exception to all the rest. 
Ibis mother was given two capsules, the first eleven hours forty -five minutes and 
tbe second four hours before delivery. Delivery was by breech extraction, ivith 
a large but normal baby. The five prothrombin clotting time determinations are 
given in Table II, but because they arc so markedly different from the entire 
aeries they arc not included in the averages or maximum values. Even so this 
one exception does not approach the higher figures of the untreated cases, as 
there were 9 untreated babies higher on the second day, 2 on the third, and 2 
the sixth. tVe have no explanation for this peculiar case, but suppose it 
rmst have been due to failure of the mother to absorb the vitamin. No jaundice 
'res apparent in either mother or baby, and no determinations were made on 
the mother. 

No clinical signs of bleeding were observed in either series. A few jaun- 
‘“d babies wore noted, usually about the fourth or fifth day, but these in- 
^suahly had rapid prothrombin times, treated or untreated. None of the 
^ les were exposed to any strain on their systems, and it may well be that, 
suggested by Quick,' they were delicately balanced, and clinical bleeding 
® have followed any disturbing factor. 

y® IjUTO observed a few cases where infants with prolonged bleeding or 
in himes, or with clinical evidence of bleeding, have been treated directly, 
hach'*'^ ''“‘unues we have given 1 mg. doses, in oil, dropping the solution on the 
"'u tongue from a dropper or small syringe, without a needle. At first 
even" • ^ “ twenty-four hours was given ; later this was reduced to 1 mg. 

■ "Stit hours for twenty-four hours. In every instance the treatment has 
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Ijceii satistiictoiy, all clinical si^ns cleiiring up within twcnty-foiu- hours, and the 
protliromhin time rctui'ning to ahont the normal average. In one such case a 
prolliromhin time o£ over ten niinntcs fell to twentj'-five seconds within forty- 
eight hours after treatment started. 


SUMMARY AND CONCLUSIONS 


The average prothrombin clotting time of babies whose mothers were given 
sjTithctic vitamin K (2-mcthyl-l,4-naphtbo(iuinone) by moutli during labor was 
mack faster than the average of a similar untreated series, and close to the 
normal adult average. 

Prom 15 to 50 per cent of the control series determinations made during the 
first six days were higher than the highest value in the treated series for the 
corresponding day. 

One milligram of the vitamin in corn oil during the first stage of labor, four 
to ten hours before delivery, jiroved effective. 

Three milligrams in twenty-four hours at eight-hour intervals, given direct 
to the baby by mouth, has been .sufficient to control bleeding and reduce pro- 
longed prothrombin clotting times to normal. 

Administration of the syntliotic vitamin K to women in labor lias been 
adopted as a routine procedure at the JIaternity Ilosjiital and the Cleveland 
City Hospital. 


1. Qoick, 
3. Smith, 
i Owen, 
5- Quiet, 
Kato, 

'• Quick, 
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10. A biologic assay on a tlirec-day sample of urine of one of the myelog- 
enous leucemia patients clone through the courtesy of Dr. F. C, Koch in his 
laboratories showed: international units of androgen per day 15; estrogens as 
equivalent of thcelin per day 12 gamma. The value for androgen is very low for 
normal males. 

CONCLUSIONS 


1. Total lipoids in all cases were grcatl}' elevated, irrespective of the type 
of Icuccmia and the height of the blood count. 

2. Total and csterified cholesterol determinations were normal in all but 
one case. 

3. The inorganic calcium and phosphorus determinations were normal. Non- 
protein nitrogen determinations were normal. 

4. Four amino acid determinations were normal, and one was elevated. 

5. Fatty acids were elevated much above nornial. 

6. The difference between the total lipoids and the sum of the cholesterol, 
fatty acids, and phospholipid fractions was greater in all cases than the normally 
expected values for normal fats. 

h Lipoid phosphorus was elevated in only a thii'd of the cases and did not 
bear a constant relationship to the height of tlie white count and the nninber of 
blast cells present. 


determinations were all done by the Bloor method and were begun 
iilhW. I- Christensen^ and Van Slyke and Folch“ was published. This study of the 
rnftiffflLTj is being continued In our laboratories by both the moor method and the 

ouifleadons suggested by the authors mentioned. 
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DKTERillXATIOX OF BLOOD PYRUVATE ]X VITA^lIN B, 

I^EPICIENGY*' 


Phi Ktanc Li. M.D.. an'i> Katsimi Kato. M.D. 
CnicAoo. Ir.T.. 


U XnoriVnCDLY one ol' the most striking ckanges oeeurriug in the tissues 
ami lioily llnids in vitamin B, dotieieney is the abnormal accnmnlation of 
carinuiy! eomponnds, partienlarly pyrnivie acid, as the result of incomplete or 
distuO'od iiietabolisin of carbohydi'ate, as demonstrated by Thompson ami 
.teiinsom’ and by Johnsom !Meikle.iobn, Passmore, and Thompson.' Extenshe 
iii\ t'sl maUons by Peters and his associates have led also to the hypothesis that 
vitamin 1’., functions as a eoenzyme in the oxidative catabolism of glucose, 
pai tit-alarly in the decarboxylation of pyruvic acid.^ Fnrthcrmore, Platt ami 
l.u‘ !•( ported liuding definite increases of bisulfitc-binding substances, consist- 
ing cl\i( ii_v of pyruvic acid, in the body tUiids of pcr-sotis vith beriberi. From 
ihcsc and numerous other observations it is at once clear that the accumulation 
of t)ynivio avid in the tissues and body .tlnids may be regarded as a speci c 
“bioeiu inieal lesion” producecl by a lack of vitamin Bj, and Cowgill sngacs - 
Ibat (imantitative examination of blood for pyruvate might be made the asi. 
of a bioeliemienl method for detection of a state of vitamin defieieney ^ 
present swies of experiments were undertaken to test the validih of t 
gestion. and more speeifieally to find a simple and yet reliable niethm tor i 
diagnosis of subclinical and clinical deficiency states in both man an aniata. 


llXnKniMKXTAli I’KOCKIUTKES 

For this experiment 12 normal rats were used, fi males and 
each from a diiTerent litter. Tlie males averaged 240 Gm. in weigit, 
females UiO t!m. At the age of two months the animals were put on a -U 
vitamiu B,-free diet having the following composition: 


vSugur 

llovitaminizocl casein 
AutoclavoU liver 
Criseo 
Salt 

Cod-livor oil 


4.700 Gm. 
J,500 Gm. 
1,500 Gm. 

1.700 Gm. 
250 Gm. 
300 c.c. 


Each animal was kept in a separate wire cage with free access to a 

* » 1 . 1 - IIIS 


suppl.'’ 


distilled water contained in a clean inverted glass bottle. 
general condition was supplemented by a semiweekly recording jiefary 

During the three days prior to the beginning of so 

regime, the blood pyruvate was determined in every anima . animal, 

obtained was regarded as the normal basal level for that pai 


•Fx'oin the X>epartnient of Peciiatrics. Vniversity of Chicago. 
Roceived for publication. June 13, 1940. 
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During the entire period of experiment, extending over sixty days, the con- 
centration of blood pyruvic acid was determined at weekly intervals. At the 
peak of avitaminosis, as evidenced by a pronounced increase in blood pyruvate 
and by the appearance of paralytic symptoms, a single dose (30 international 
units) of crystalline thiamin liydrochloridc in aqueous solution was injected 
intraperitoiieally. The changes in the level of blood pyruvic acid were then 
followed at intervals of two, four, six, eight, and twenty-four hours following 
the injection. 

In order to ascertain the po.ssiblc effect of inanition on the concentration 
of blood pyruvate, another group of 6 healthy rats, 3 males and 3 females, was 
put on an absolute starvation regime, allowing only an adequate supply of 
distilled w’ater. The determinations of pyruvic acid in the blood of these 
animals were made at the end of twenty-four, forty-eight, and seventy-two 
hours. No further examinations were attempted inasmuch as after two days 
of starvation the values remained unaltered. 

The average normal values of blood pj’ruvato in rats were obtained from 
30 normal animals, equally distributed between the two sexes, and of different 
ages and litters. 

All blood samples for chemical analysis were obtained from a cut in the 
tip of the tail made 'with a sharp raxor blade. Since exercise, muscular effort, 
and emotional excitement arc known to infinenee the pyruvate picture, the 
animal was first wrapped in a piece of soft cloth and then placed in a small 
^ooden box. A small circular opening was provided at each end of the box, 
the one in the front for ventilation and the other in the back for permitting the 
jail to protrude. Tlie aninlal so placed in the box was allowed to rest for at 
east one hour before the blood was withdrawn. 


CHEMICAL METHODS 

From the time of the discovery of pyruvic acid by Berzelius® in 1835, no 
^ess than sixty different methods for its identification and estimation have 
Ppeared in the literature, according to the reviews published by "WendeB and 
y U- However, only a few of these arc applicable to clinical usage for blood 
ysis, and of these the following are noteworthy : 
ha i^isulfite-binding substance (B.B.S.) method of Clift and Cook® is 

rea^r property qf the carbonyl compounds to react to bisulfite. This 

hvX'T' ^ot specific for pyru\'ic acid, since methylglyoxal, acetalde- 

. ^.formaldehyde, and other ketonic acids also give the same positive reaction, 
to be ^ftroprussidc method of Simon and Piaux'° is generally believed 
for pyruvic acid, but the procedure is unsuitable for accurate 
in the opinion of 

act ’ • ^‘^initrophcnylliydrazine method of Case*" is based on tlie ebar- 
pota"**^ ^ ®f pyruvic acid to form hydrazone, and its solution in alcoholic 
^y^^oxide is determined colorimetrically against a standard. The 
ThoJ ’ ^^sod by Nenberg and Kobel,” and later modified by Peters and 
specific for pyruvic acid; but it necessitates the use of a large 
^-'ikes ’t length of time required to complete such an analysis 

^^PlojTnent inadvisable for clinical purposes, especially if one is 
S ^vith small subjects. 
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(4) The recently reported method of Ln,® essentially a rapid and miero- 
niodification of the Case-Neuberg technique, has by trial been found to be not 
only specific for pyruvic acid but admirably suited as- well for use in clinical 
laboratories, especially in infants’ and children’s hospitals. These advantages 
commend themselves to experimental work in which small animals (rats, rab- 
bits, and guinea pigs) are used. This method has been employed tiiroughout 
the present investigation, the principal steps of which follow : 

From a fresh cut on the tip of the rat’s tail approximately 0.2 c.c. of blood 
is olitained and quickly dropped into a centrifuge tube containing exactly 1 c.c. 
of a 10 per cent solution of trichloracetic acid which has been previously 
weighed and kept at a low temperature in a vessel packed with finely sbaved 
ice. After mixing the clotted blood thoroughly with the acid by means of a 
fine glass rod, the actual amount of blood is calculated by reweighing the test 
tube and comparing its present weight with that prior to introduction of tiic 
blood. 


Complete precipitation of blood proteins is allowed to take place at this 
low temperature for fifteen to twentj'^ minutes, and then the tube is centrifuged 
for five minutes at high speed (1,500 to 2,000 r.p.m.). The clear supernatant 
fluid containing pjanivic acid is carefully transferred to a clean test tube (tube 
1) by means of a long glass pipette. The precipitate is again treated with 1 c.c 
of a 5 per cent solution of trichloracetic acid and, after reagitation, is alloue 
to stand for five minutes at low temperature to remove the remaining portion 
of pyi’uvic acid. The supernatant fluid obtained after centrifugation is adde 
to the contents of tube 1. 


One cubic centimeter of a 0.1 per cent solution of 2, 4-diuitrophenylhydrazine 
solution in 2 N hydrochloric acid is next added to tube 1 and allowed to reac^ 
at room temperature for at least ten minutes, for the complete formation^o^ 
a hydrazone of pyruvic acid. The resulting hydrazone is then extra cte vi 
2 c.c. of ethyd acetate, by first aspirating the latter up into the pipette an 
expelling it into the layer of hydrazone at the bottom of the tube, 
ing the process several times a final homogeneous turbid mixture wi 
tained. After standing a few minutes the bottom layer is then pipette 
lube 2, the remaining acetate solution being kept in tube 1. 

Another 2 c.c. portion of ethyl acetate is then added to tube 2 
traction of hydrazone is repeated as before. The bottom layer, 
water-clear upon complete separation of the two layers, is discarde , a 
remaining acetate solution is carefully transferred to tube 1. 

The inner surface of tube 2 is rinsed with 2 c.c. of a 10 per cent ^ 
of sodium carbonate, and the contents of the tube are then poured m o^ 

By means of the same pipette the top layer of the acetate is thoroug 3 
with the bottom layer of sodium carbonate. When the two 
pletely separated, the bottom layer is transferred back to tube 2. 
procedure for extracting pyruvic acid with sodium carbonate so 
peated for the second and third times, the sodium carbonate layer 
time transferred to tube 2. The final acetate remaining in tube ^ 

and the three extractions of pyruvic acid in sodium carbonate m 
total 6 c.c. in volume. 
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The final removal of a trace of hydrazone of ketonic acids other than 
pyruvic acid is made by the addition of 1 c.c. of ethyl acetate to tube 2. AVhen 
the two layers are clearly separated, the yellow-colored bottom layer is care- 
fully transferred to tube 3. 

Four cubic centimeters of a normal sodium hydroxide solution are added 
to tube 3. The reddish color which then develops almost instantaneously will 
fluctuate somewhat if any impurities happen to be present in the mixture ; and 
if so, color due to substances other than pyruvic acid will disappear within 
ten minutes. 'While allowing these ten minutes to elapse, the photoelectric cell 
colorimeter (Evelyn) is in the meantime being warmed to its optimal working 
condition. The unknown solution is then transferred to a colorimeter cell and, 
using filter 520, a galvanometer reading is recorded. The amount of pyruvic 
acid is calculated from a standard curve previously prepared by calibration 
of pure solutions of pyruvic acid (redistilled three times) in triple distilled 
water, in accordance with the directions given by Lu.® 

RESULTS OF ANALYSES 

The data obtained from blood analyses by the micromethod of Lu, as out- 
lined and presented in Table I and Charts 1 and 2, comprise ; (1) normal 
pyruvic acid values in the blood of rats, (2) pyruvate picture in various stages 
of vitamin B, deficiency, (3) blood pyruvic acid determinations in starvation, 
and (4) effect of thiamin on blood pyruvate in vitamin Bi-deficient rats. 

As seen from Table 1, the average normal value for blood pyruvic acid in 
30 healthy rats, equally distributed between the two sexes, and ranging in age 
fiom two months to eight months, was 0.91 mg. per cent for the entire group, 
file maximum values were from 1.20 mg. per cent for females and 1.30 mg. 
Psr cent for males; the minimum figures varied from 0.50 mg. per cent for 
emales to 0.60 mg. per cent for males. The standard deviations, as ealoulated 

fram the equation, D.S. = V were ± 0.03 for females and + 0.05 

f»r males. 

The data presented in Chart 1 depict the fluctuations in concentrations of 
00 ^ pyTuvate in 12 experimental animals at various stages of vitamin B, 
f cieney. Th;, tasal values in these animals were obtained within the three 
^oys prior to initiation of vitamin deprivation. That pyruvic acid progres- 
of f/ in the blood in direct proportion to the increasing severity 

eighth is evident. So much so, in fact, that by the end of the 

sie observation, and coincident with the development of neurologic 

s“s, the increase amounted to almost 500 per cent of the basal value, 
avit^”^ '°™P*‘cating factor affecting the pyruvic acid level of the blood in 
is the influence of inanition, since in the majority of experi- 
1# 0 6 vitamin B,-deficient diet anorexia was usually pronounced, 

fema^l ti'e effect of starvation, 6 healthy rats (3 males and 3 

"■afer^* deprived of all food and given a generous supply of distilled 
four f “‘^*®’®'“etions of blood pyruvate were made at the end of twenty- 
and seventy-two hours following the institution of starvation 
From the data so obtained, and presented in Table I, it is clear that 
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inanition produces a moderate increase in blood pyruvic acid values. These 
finding.s confirm tlie observations recorded by Lipschitz, Potter, and Elvelijem,''' 
who found the liver’s aliility to remove added pyruvate to l)e seriously im- 
paired in fasting. 

Table I 


Concentration of Blood Pyruvate in Starvation 
(3 Males and 3 Females) 


HOURS OF .STARVATION 

BLOOD pyruvate (MG. %) 


24 

2.43 


4S 

3.15 


72 

2.70 



The remarkably rapid and decisive influence of a single intraperitoneal 
injection of thiamin hydrochloride, in the calculated minimal dose (30 inter- 
national units) for producing a state of saturation as recommended by Leong,'® 
is brought out in the data summarized in Chart 2. As revealed by these data, 
the action of thiamin in these animals is reflected within two hours after the 


injections, the blood pyruvate values dropping promptly to the extent of about 
50 per cent of the pveinjection level. At the end of four hours folloulng 
injections, general condition of the animals was markedly improved, yet in 
each animal at this stage the blood pyruvate values were definitely elevated. 
This phenomenon may be explained on the ground that thiamin produces 
greatly accelerated activity of the animal. Increased activity, in turn, requires 
a more adequate liberation of phosphorylated thiamin, or coearboxylase, by 
the cells in order to cope with the increased metabolism of the ketonic aci • 
B 3 ’' the eighth hour following injections the blood pj'ruvate usually had droppe 
nearly 65 per cent. One animal of this group, which failed to exhibit t m 
typical response to thiamin at this stage, died about ten hours later. Plaf 
reported a similar observation in some cases of liuman beriberi. At twenty 
four hours after injections the py'ruvie acid of the blood remained at prae 
tically the same low level as in the previous examination. The clinical impio)^ 
ment was also remarkalfle, the only residual signs of deficiency^ being eniaeia 
tiou and spasticity of limbs. 


DISCUSSION 

According to Barron,®' pyruvic acid is an extremelj'’ reactive substa 
having possibilities of undergoing at least fifteen different biochemica re^^^ 
tious, either with oi' without the catalytic action of thiamin and its 
phoric ester. Thus the reactions of this ketonic acid, as characterized 
tion, couple oxidation-reduction, amination and transamination, proaee 
out intervention of vitamin B^, whereas reactions such as oxidation, dismu 
and decarboxylation require its presence. Prom the work of 
Ly^man®® the following statements may be quoted: “Under qOu 

for oxidation, the pyruvic acid is directly oxidized to acetic add an ^ 
under optimal conditions for reduction it may be reduced to laetie aci 

lie split by dismntation into acetic acid and formic acid The 

the extent of these reactions wdll be determined by the value of t e 
of the equilibrium reactions talcing place under the conditions o 




o Male 


•0-. Vo‘S • 


° .O* S°*< 


o ■ o 
O 


Days of Experiment 

Chwt 1.“>-Scattergram showing increasing values of blooa pyruvate m direct proportion to 
progress of deficiency in rats. 



Hours after Injection 

Effect of intraperitoneal injection of thiamin hydrochloride on blood pyruvate level In 
vitamin Bj-deflclent rats. 
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ment.” These significant statements reveal the fundamental principle by 
ivhich vitamin therapy shonid be applied in clinical practice. 

■While as yet no single system of glycolytic cycle has been satisfactorily 
established by either in vivo or in vitro experiments, pyruvic acid is now gen- 
erally looked upon as a normal intermediary product of carbohydrate me- 
tabolism. It is formed by the splitting of the glucose molecule with the media- 
tion of diphosphopjH’idine nucleotide during the process of glycolysis as well 
as in alcoholic fermentation. The degradation of pyruvic acid so formed pro- 
ceeds by means of the catalytic action of thiamin in its phosjihorylated form, 
knorvn as cocarboxylase or diphosphothiamin. From recent investigations of 
Goodhart and Sinclair’'’ it appears clear that vitamin Bj circulates in plasma 
in the form of a free unphosphorylated thiamin which diffuses readily into the 
cells and passes out into the tissue fluid. Phosphorylation of the vitamin vith 
the formation of cocarboxylase occurs Avithin the cells. In the blood there is 
but little free Autamin or coearboxylase, most of it being combined probably 
Avith specific protein, according to the Avork of Sinclair."® Normal human blood 
contains an average of 7.0 micrograms per cent of carboxylase, mostly in combine 
form.®’ In the absence or in the definite diminution of this vitamin, therefore, 
the removal of pyruvic acid is greatly retarded. This retardation in the late o 
pyruvate disposal is responsible for its accumulation Avithin the tissues an 
body fluids; the resulting "pyruAUC acid acidosis,” Avhich is a speci c lo 
chemical lesion of aAdtaminosis Bi, is a measure of this deficiency. 

Thus for diagnosing a possible vitamin B^ deficiency state a direct 
tioii of either thiamin or coearboxylase is logically the accurate measuie. o ^ 
ever, oAving to the fact that the actual amount of thiamin or of 
present in the blood is small, and especially so in avitaminosis, the direc m 
urement is more difficult to perform than is the indirect estimation ma^^ 
determining the concentration of blood pyrnAuc acid. In fact, t le a 
tained from animal experimentation here presented conclusively 
pyx’uvic acid determination to be a simple and yet reliable measuie o ' 

Bi deficiency. By this means not only the accurate diagnosis o m 
type of deficiency is possible, but also the identification of the su c mm 
is easily demonstrable. The clinical application of this proceduie or 
nosis of vitamin Bj deficiency in human beings Avill be reported ni a su 
communication. 


SUMMARY AND CONCLUSIONS 

The accumulation of the bisulfite-binding substances, 
acid, in the body fluids of avitaminous animals appears to p ^c- 

role in the pathogenesis of symptom complex associated Avit i ai qj- 

ficiency. The present investigation Avas undertaken to ^gj.j^inatioD 

not estimation of pyruvic acid in the blood, rather than direc e ^ 
of thiamin or its coearboxylase, could be used as a suitab e me 
diagnosis of subclinical as Avell as clinical AUtamin Bj deficiency. gxpeu- 

The results of chemical analyses for pyruAuc acid in the h oo 
mental animals (rats) by the use of the specific mierometioc^ 
phenylhydrazone) as reported by Lu® indicate that by t e en 
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month of thiamin depletion the amount of blood pyruvate increased more than 
260 per cent (3.49 mg. per cent) over the normal basal level (0.96 mg. per cent). 
During the second month the increase was almost 500 per cent (5.62 mg. per 
cent). Shortly before death there was usually a remarkable accumulation of 
pjTuric acid in the blood of thiamin-deficient animals. The magnitude of blood 
pyruvate appears to correspond roughly with the severity of clinical manifesta- 
tions, since during the first month the only noticeable signs of avitaminosis 
me los.s in weight, wcaknc.ss, and anorexia; but during tlic second month 
'lefinite neurologic symptoms began to develo]). rjnjn injections of thiamin 
hydrochloride in these polyneuritic nniinnls a prompt fall in blood pyruvate oc- 
curred. If the injection of thiamin is not followed by lliis chaiactcristic drop in 
blood pynivatc, death within twenty-four hours may he expected 


Ri:i'F.unNcr>; 


I. Thompson, R. II. S., and .Tolinson, P. Blood Pvru\nlt* in Vitamin B, Deficiency', 
Biochem, J. 29: GS)4, 193.'i. 

h Johnson, R. E., Jleiklejohn, A. P., Passmore, K-, and Thompson, R. H. S : A Note on 
, ^ the Level of Carbonyl Compounds in Human Blood, Biochem. J. 29: 250G, 1935. 

. Peters, R. A.: The Biochemical Lesion in Vitamin B, Deficiency, Lancet 1: 1161, 193G. 

^ ^ V r Intermediate Carbohydrate Metabolism :n Vitamin B, 

®®“5^*^ucy in Man, Proe. Physiol. Soc., 3rd General Congress, Chinese Med. Ass., 
193o; Chemical and Clinical Tindings in Bcriben \Vith Special Reference to Vita- 
mm B, Deficiency, Quart. J. Sled. 29: 355, J9.TG. 

•Uirgill,G.R.! The Physiology of Vitamin B„ J. A. M. A. 110: 805, 1938. 

• Berzelius, J. J.; TJeber die Dcstillationsproducte der Traubens'ure, Ann. Phj’sik u. 
. Chem. 36; 1, 1835. ^ 

'■ B.; TIjo Determination of Pyruvic Acid and the Preparation of Lithium 

! T ?iol* 94: 714, 1932. 

n’ c on the Metabolism of Pyruvic Acid in Normal and Vitamin B, 
Delicieticy States. A Rapid, Specific and Sensitive Method for Estimation, Bio- 
^ chem. 5. 33: 249, 1939. ' ’ ^ 

Cook, R. p.; X Slethod of Determination of Some Biologically Im- 
?f i? . and Ketones, With Special Reference to Pyruvic Acid and 

I. Pimnn T J* 26: 1788, 1932. 

.1) L.j Sur la caract^risation ct dosage dc petite 

Q ac’' - . • • u:..! c. .trr 100.1 


flatt, B ■ 
Clin 


petitos quantitus 

. biol. 6: 477, 1924. 

Especially of Pyruvic Acid, in Relation to Some 


■' b. 


Casp'f-vr m, ' ' > Boy. Soc. Trop. Med. & Hyg. 31: 493, 1D38, 

-Veoher*^ p Betermination of Py’ruvic Acid, Biochem. J. 26; 753, 1932. 

ho' ^^obel, 31.; Die Bilduiig von Brenztraubensaure als Durchgangslied 
I der alkoholischen Zuckerspaltung. Hire Isorielung als Hauptprodukt der Garung, 

Pelerj r'T- 

in Ui R. H. S.: Pyruvic Acid as an Intermediary Metabolite 

birischit? Tissue of Avitaminous and Normal Pigeons, Biochem. J. 28: 916, 1934. 

in v;f • V. R., and Elvehjem, C. A.: The Metabolism of Pyruvic Acid 

Leonir p ^^^‘ciency and in Inanition, J. Biol. Chem. 123: 267, 1939. 

B ill v ” • B, in the Animal Organism; the Maximum Storage of Vitamin 

Barron E Species, Biochem. J. 33; 1394, 1939. 

tion ’a^‘ *b’hiamine and Sulfhydryl Reactions, Symposium on Tissue Respira- 
Barron e Expcr. Biol., New Orleans, May 15, 1940. 

Tissno ‘jA’ Lyman, C. M.: The Metabolism of Py’ruvic Acid by’ Animal 
Ooodhart Chem. 127: 143, 1939. 

thePu'S^n ®‘^cbair, H. M.; Deficiency of Vitamin B, in Man as Determined by 
Sinclair TT >r ^O'^^^boxj’lase, J. Biol. Chem. 132: 11, 1940. 

f’ooilhart P Q ' State of Vitamin B, in Blood, J. Soc. Chem. Ind. 57: 471, 1938. 
I'hate VsiV II. M.: Estimation of Cocarboxylase (Vitamin B„ Diphos- 

ster) in Blood, Biochem. J. 33: 1099, 1939. 


THE ABSORPTION OF NICOTINE FROM CIGARETTE SMOKE* 


I. TI. PiRRCK, Iowa City, Iowa 




H.THOUGH many papers reporting work on the composition of cigarette 
smo 'e ]la^ e been published, the question of the exact amount of nicotine 
a Dsor oe in the smoking of a cigarette lias, for the most part, escaped attention. 
0 maiin states, Between 15 and 90 per cent of the nicotine present in the 
0 lacco aie reco^el■ed from the smoke but a greater part of this is exhaled or 
expectoiated. Tliis statement apparently refers to pipe or cigar smoking, for 
in t le same paragraph the author says, “In cigarette smoking, where inhalation 
eommonlj practiced, the percentage absorlied would be relatively high.” To 
quote rom Asherson,* “the average cigarette contains 19 mg. of nicotine; in the 
portion actually smoked, about 14 mg., of this about 7 mg. entere the mouth.” 

e imanii found that about 5 mg. of nicotine was absorbed when the smoke from 
one cigarette ivas deeply inhaled. 


inee nicotine is extremely soluble in water and almost nonvolatile at hody 
empeiatuie, it would seem remarkable if it "would escape being retained in a 
1 eiy ligh degree ivheii brought in contact, as it is in the inhalation of cigarette 
smoke,^ with the very large surface of the respiratory tract. The purpose of this 
s ^ ^0 ascertain the amount of nicotine absorbed from cigarette smoke under 

con itions as nearly as possible like those present in ordinary smoking. 


EXPEKIMENTAL 

Three brands of cigarettes were used: No. 1, a popular, medium-priced 

merican cigarette, had a nicotine content of 2.27 per cent. No. 2, a so-called 

oJ’ptian cigarette, had a nicotine content of 1.16 per cent. No. 3, hand-roiled 

cigarettes made from a low-priced granulated tobacco, had a nicotine content of 

per cent. All nicotine contents are based on dry weight of tobacco. 

An absorption train ivas set up consisting of six ammonia-absorption tubes 

containmg tenth-normal sulfuric acid. The cigarette was placed in a glass holder 

on the intake end and smoked by applying suction by mouth at the other eiu 

so as to draw the smoke into the train. Suction was applied at intervals, .ap 

proximatiiig as closely as possible the frequency, duration, and depth of m 

spiration employed in natural smoking. Ten aspirations were employed, since 

observation of smokers indicated that most of them draw about ten times w n e 

smoking a cigarette. That the aspirations ivere quite uniform was shou n In 1 1 

fact that the nicotine in the smoke from 5, 10, and 15 inspirations proved to ' 

exactly in the ratio 1 :2 :3. The smoke thus inhaled is designated as le 

From the Hepartment of Pharmacology, College of Meclicine, State UniversHJ of 
Received for publication. June 13, 1940. 
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“main stream.” In some experiments the smoke escaping from flic Imrning tip 
TO draini off continuously through a second absorption train and is herein 
designated as the "side .stream.” 

For determining the nicotine in the exhaled smoke, the following pro- 
cedure was adopted: Air was drawn continuously through the train tiy a suc- 
tion pump, and the smoke from the cigarette, after being deeiily inhaled, was 
tiloira into the intake end. The exhaled smoke from ten deep inhalations was 
collected, the re.spiratory tract being ventilated after eacli exhalation by taking 
several deep breaths and exhaling into the train. In some experiments the 
smoke, instead of being deeply inhaled, was Only drawn into the mouth, held for 
a few seconds and expelled. The nicotine ahsorhed is the difference between that 
in the main stream and that in the c-xh.alcd smoke. 

Altogether, nicotine was determined in the cigarettes, the stubs, the main 
stream, the side stream, and the exhaled smoke. The cigarettes and stubs were 
extracted by the Kissling method, with final precipitation with silieotungstie 
acid. The .smoke solutions were evaporated to a small volume, made alkaline, 
and the nicotine was distilled in a current of steam ami precipitated with silico- 
tnngstic acid. Pyridine, in the amounts present in cigarette smoke, does not 
interfere, 

D.VTA 

There is some condensation of vaporized nieotine in the stub. The average 
nicotine content of tlie stulis of 50 cigarettes was 2.57 per cent, while that of the 
'isarettes was 2,27 per cent. 

The distrilmtion of nicotine between the stub, the main stream, the side 
and that destroyed is shown in Table I. 


Table I 

Avehages Froji 20 Cigarettes, Brand No. 1, 10 I.nualations 
Nicotine in Milligrams 


cic^ette 

IK STUB 

1 IN .SMOKE 


ilAIN STREAM 

SIDE STREAM 


— 

11.91 

3.88 

4.31 

3.83 


It '''■strihution is, of course, affected by tightness of rolling, moisture con- 
“ . and the manner in which the tobacco is cut, as well as by the duration and 

nf nnpiration. 

in ^nsults of the experiments on absorption by deep inhalation are shovni 


Table n 


Averages or 50 Cigarettes, 10 Deep Inhai>ations 


Vo. 


NICOTINE 

‘VICOTIKE 

IN 

CIGARETTE 

(MO.) 



IN 

[ AC.SORBED 

% 

STUB 

(.MG.) 

INHALED 

SAIOKE 
(MG.) 1 

EXHALED 

SMOKE 

(JIG.) 

MG. 

IN % OF 
NICOTINE 

INHALED 


llG 

_2.G3 

23.2 1 

11.C5 

25.1 

12.27 

6.16 

14.75 

3.74 

2.76 

2.60 

0.17 

0.15 

0.32 

3.56 

2.61 

2.28 

95.0 

9t.6 

87.8 
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When the smoke is not deeply inhaled, but only drawn into the montii and 
expelled after two seconds, the absorption is distinctly less, as shoira in Table HI. 

Table III 

Average.^ of 50 CiOARErrE.s, Hrako No. 1, Smoke Drawn Into Moetu Omvi and 
Expeeled After 2 Seconds. 10 Inhadat/oxs 


NICOTINE 


IN INHALED 
SMOKE 
(MG.) 

JN EXHALED 

1 SMOKE 

! (mg.) i 

1 absorbed 

IN MO. ! 

1 

IN % OF NICOTINE 
INHfvLEB 

3.74 

1 0.85 1 

2.89 ! 

77.3 


The absorption of total solids was determined in the same manner as was 
that of nicotine, except that the smoke ivas absorbed in tenth-normal hydrochloric 
acid, the solutions evaporated to dryness, and the residues weighed, The results 
appear in Table lY. 

Table IV 


Adsorption of Total Solids. Average of 20 Cigarettes, Brand No. 1 , 
10 Deep lNnM,ATioNS 


IN INHAliED 1 

IN EXHALED 

ab.sorbed 

(mg.) 1 

(MG.) 

1 IN MG. 1 

IN 7c 

26.4 

8,4 

1 18,0 ! 

1 

GS.S 


DISCUSSION 

These results show that of the nicotine present in the burned tobacco, about 
one-third is drawn into the mouth when a cigarette is smoked in the manner 
ployed in these experiments. This figure probably represents^ the maxmn 
amount, for the inspirations were as deep as possible to secure uniformitj . 

These experiments do not bear out the general impression that on j “ ^ 

fraction of the nicotine inhaled is absorbed. They show, on the 
over 90 per cent is ahsoi'hcd ivhen the smoke is deeply inhaled and no mu 
when it is only draivn into the mouth. , , 

The smoking of one package of 20 cigarettes of brand No- , 
conditions of these experiments, represents the absorption, wit i *■ 
tion, of 71.4 mg. of nicotine, or without the inhaling of the smo m 
lungs, of §7.8 mg. If a smoker consuming one package of cigaiet gj time 
continue the absorption of this amount of nicotine over* a long 
without deleterious effects, it indicates either the establishment o a ^ 
degree of tolerance to the effects of nicotine or that the toxicity 
in the human being is very much lower than that indicated by 
doses as determined on animals. . phese 

The high degree of absorption of total solids is also of pliciioh, 

solids contain, besides nicotine, resinous and tarry mnovnt- 

cresols, creosols, etc., ammonium salts, and other constituents m 
These undoubtedly contribute to the irritating effect of the smo vC. 

sumiARY . • 

When cigarette smoke is inhaled deeply, over 90 per cen 
the smoke is retained in the respiratory tract. 
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If the smoke is not inhaled, but is drawn only into the inontli and expelled, 
about 77 per cent is retained. 

The total solids of the smoko are retained to the extent of about 68 per cent. 
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THE APPEAEANCE OP BLOOD BROMIDE AFTER ORAL INGESTION* 


Frederick B. Plinn, New York, N. Y. 


T'HE enactment of the Pure Food and Drug Law has brought many problems 
not only to the Government Bureau in charge of tlic enforcement of the act, 
tat also to the inanufacturors of self-medication products. Outstanding among 
these problems are those concerned with recommended doses and proper warn- 
ings as to possible dangers whicli may arise from incorrect use of many of the 
self-medieation products on the market. Among the drugs wliich have received 
attention are the bromides, since tliey are contained in many preparations for 
tile relief of minor hcadacltes and pains. 

Ten to fifteen grains of bromide several times a day lias been considered a 
snfe therapeutic dose wlien taken under tlie supervision of a physician. In 
epileptic eases as miicli as 10 to 15 Gm. have been given over a period of years 
''ithont any untoward effects. Tlicso large doses arc not given at the beginning 
® the treatment but are attained by gradually increasing the daily dose. It is 
fenerally recognized that a rash may appear from the use of bromides in 
^ wgic persons, Tliis rash apparently has no relationship to the dosage taken 
disappears rapidly when the medication ceases. However, the rash, to- 
I E^ner with persistent drowsiness, has been suggested as an early warning that 
i should he stopped. 

j pr determine the effects of daily doses over a period of weeks that the 

i undertaken. It is stated in the literature that no harmful 

I ^Ppear in bromide treatment until the blood bromides reach 200 mg. per 
I Wo centimeters of blood. Because of this theory, we used the blood 

i the d ^ indication of the possible danger that might arise from taking 
i study we used sodium bromide entirely, although both the 

i \U potassium salts are frequently employed. AVe are reporting on 

I ® a later paper. 

%(]r adults, ranging from ages 21 to 61, volunteered for our 

^ assure that they would remain faithful to the study which lasted 

i Institute of Public Health. Columbia Universitj’, New York, 

fo'- publication. July 31. 1940. 
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five months, they each received a nominal monthly fee and at the end of the 
s iicly took an oath before a notary that they had carried out ah 

t e olunteeis. The group contained several alcoholics. We felt that it ira.sa 
representative cross section of the population. It consisted of college students 
hoiisewives, laboratory assistants, laboratory ivorkers, clerks, artists, artist 
models, ivatchmen and janitors, and doctors. 


Each individual received a careful physical examination at the beginning 
ot the study, and at the end of the second and fourth months by a competent 
medical man who had no contact with them at any other time. Special atten- 
lon nas paid to the following factors: nervous reactions; reaction time to 
It signas; electrocardiogram; oxygen capacity; carbon dioxide capacity; 
lemog onn; bromides in blood at the end of two, four, and five months, re- 
spectively , urine bromides ; and eliaiiges in the white and red blood cell counts. 
The blood gases and hemoglobin were determined by the Van Slyke method. 
Foi the^ determination of bromides we adapted the method of Katzenelbogen 
an TO dsniith,^ based on the reaction of brorni gold chloride mtli bromide, the 
cpiantity being estimated colorinietrically. Certain modifications were made in 
t le quantities of reagents used. Four cubic centimeters of blood were added to 
7 e.e. of 0.75 per cent sodium chloride solution and 3.4 c.c. of 20 per cent tricMor- 
aeetie acid and allowed to stand for one-half hour. The solution was then 
teie . One cubic centimeter of a 0.5 per cent acid brorni gold chloride solution 
was added to 5 c.c. of the filtrate and mixed wmU. The color was read in the 
zieiss Pulfrieh Photometer with a gi-een Zeiss filter S53. The quantity of bromide 
present in 100 c.c. of lilood ivas read from a curve derived from known blood 
iroinide solutions. Prom time to time we checked the results by the Brodie and 
iiedman- method. The gold bromide method ivas puiposely used because 
piactieally aU the results reported in the medical literature are obtained by the 
V uth method. It is conceded that this Wnth method is not a scientific method 
and does not give absolute results, but it is a good clinical method within 
certain ranges. 


We divided the group into two sections one consisting of 55 persons taking 
a total of 30 grains of bromides three times daily, the other consisting of 15 per- 
sons taking 15 grains three times daily. The bromides were taken each day, 
seven days a iveek for four months, and then stopped. Tlie persons were exam- 
ined at the end of the fifth month to see whether there ivas any difference m 
their physical condition and how much bromide still remained in the blood. 

Since we could not detect any significant changes in the subjects, ue arc 
tabulating in Table I only our axmrage findings. 

A glance at Table I shows that there ivere no changes in the blood gaaes 
or blood cell counts. The same can be said for pulse rate and blood pressure- 
The^ electrocardiograms were negative throughout the study. The reaction tirac 
to light stimulation did not slioxv any increase. In the case of the students u" 
were able to obtain a record of theii' standing before the test began and at 
end. These records showed that there was lio lessening of their intelieet!|‘^ 
capacity; to the contrary there ivas a slight improvement. It is hard 
such a comparison, for the courses vai^^ in different terms and one term s wo < 
may" be easier than another. -I 
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Table II 


Groub Taking 30 Grains of Sowuii Bromide Daily 
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10 to 20 Gm. There may be some explanation for tlie variation by rate of ab- 
sorption from the gastrointestinal traet. In order to determine whether the time 
at which bromide was taken previous to the drawing of the blood was a factor, 
careful notation was made when the last dose was taken before the blood was 
drawn. The blood was taken, as a rule, between 9 ;30 a.sl and noon. Table II 
gives the results of this observation. 

To determine how soon bromide could be detected in tlie blood after it 
was ingested, two of our tcchnieians each took 3 Gm. in one dose. Sainple.s 
of Wood were drawn at frequent intervals throughout the day and samples 
of urine were collected at the same time. The results, slmwii in Table III, 
were somewhat of a surprise to us; they also showed the individual variations. 

Three cats were anesthetized with nembutal. The nlidoineii of each was 
opened and a segment of the intestine was tied off. A cannula was iiisertei! 
in either end of the segment, and the segment was washed out witli a 0 C per 
cent sodium chloride solution. The saline solution w as then removed Tlie 
lower end of the segment was clamped off and a measured quantity of 0.90 
per cent sodium bromide solution was permitted to tlow into its upper end. 
The upper end was then clamped off, and the intestine was placed back iii the 
shrlominal cavity. It was allowed to remain there for one hour ;n two eats, 
and for two hoars in the third cat. TIic segments were then waslicd out and 
analyzed for bromide. Tlie results arc indicated in Table IV. 

In discussing our study with piiysicians, we were told that they 
have noted the same type of variations among their patients. Our oliscr- 
'afions indicate that after tlie medication lias coiitiniicd for a few weeks, the 
Wood bromide tends to drop to a lower level and remain there. It is necessary 
to increase the quantity of sodium bromide ingested to get a higher blood 
hfoniide. Tliis has lieeii definitely indicated in our animal work and will be 
reported soon. 

SUMMARY 

I- The ingestion of 30 to 45 grains of .sodium bromide daily over a period 
” ""''““"tils does not result in a high blood liroinide. 

blood bromide drops rapidly' after the medication stops. 

^ ingestion of 30 to 45 o-rains of .sodium bromide daily over four 
“'’"tbs does not affect the blood picture. 

itioi til ^ riigestion of 30 to 45 grains of .sodium bromide daily over a four- 
Peiiod does not affect the nervous reactions. 




VaTui^ Goldsmitli, H.: Tlie 
'• Brodie B R ^ Bromide Teat in Mental 
M.: The 

ogical Fluids, J. Biol. Chcni. 124: 511, ] 


..j 1 !.. riie Diagnostic 

10: 1045, 1931. 
ill Tissues and 


HIPPUKIO acid UVEE fun ction tes t : INTEAVENODS JIKTHOB* 

Elmer C. Bartels, M.D., Boston, Mass. 

OTinlnniTstatuf of « test for liver function in deter- 

test revealed reduetion in the 

the 148 natieutc i , „ iunction m a high proportion of cases. Of 

in the liver function ^ ^ nomial response. The degree of change 

* as determined bv tJm T P™Poi‘tion to the severity of the hjTierthjToidism 
sity for one or two clinical opinion as to the neccs- 

toty meZd of ^“tisfae- 

investigators ii^iming t le function of the liver has been accepted by many 

venous modtfioDr' ^’^Sgestion of Dr. Quick, ive began using the intra- 
venous injection ^of tiippnric acid test. The test consists of the intra- 

20 ce of sodiinn benzoate which has been dissolved] 

acid contenf iJ'i + is collected at the end of one hour and the hippiir: 

Gm or n 7 r ® ^ii’^nied. The normal excretion has been determined to be 
• 2 equivalent of benzoic acid, 

lahoratorv Quick® gives in detail the procedure as employed in hi 

that onlv I because of its simplicity. The fac 

four hours acquired is an improvement, since the oral method reqniiw 

onlv tliP qT -1 ^ times with the patient suffering 

flnshinw of tr ^ r ^ ^ eaction or discomfort. At times there has been a slight 
ill effpof<i occasionally a sense of burning in the arm, but no other 

as nmmeo difficulties encountered in the oral test, such 

from the stom possible lack of absorption of the sodium benzoate 

Jiesitafpr? fn oiercome in utilizing the intravenous route. Patients have 

prevalence oTZnsta 

same patient n-ithonrcomXinfe"'^"”*'''" “ 

"iven in fn^? intravenous tests in 58 patients with hyperthyroidism arc 

7 mtipnic /1 9 aving above 0.7 Gm. of benzoic acid as normal, we find only 
tients hor? f i^aving satisfactory liver function. The remaining pa- 

low as 0 1 excretions distributed throughout a wide range, to as 

im-mL-mo,,! ^ one-seveutli the normal, and indicative of serious liver 

wpfnhnha \ relation was found to exist between the level of the basal 

in min nvB™ ^ degree of disturbance of tire liver function, as was found 

hm Dni^f] f ritilizing the oral test. The duration of the liyperthyroid- 

le n eig it loss were not related to the hippnric acid excretion. 

R^e!vea'fo?'^™w\™^”*^ Internal Medicine, The I,ahey Clinic, Boston, 
ror publication, October i, i94o. 
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Most significant in judging the clinical opinion of tlic toxicity of tlie patient 
with hj’perthyroidisin is the final conclusion of the medical and surgical staff as 
to the of operation the patient will most likely tolerate. This opinion 
is reached by a correlation of observations on the patient whicli cannot be aj)- 
praised statistically. It can be seen from the chart that as the liver function 
decreased the number of operations apparently increased. This observation lield 
tnie ill our previous study with surprising regularity. Tliercforc, in spite of the 
failure of tlie test to show a close relationship to the basal metabolism, duration 
of disease, and average weight loss, it seems to be grossly indicative of even a 
more important conclusion, and that is the number of opeimtions to wliicli tlio 
patient should be submitted. In this way the liver function in liypcrtliyroidism 
plays an informatory role in the general medical survey. An lias been shown ni 
our previous studies, the level of tlic liver function was in no way related to the 
postoperative reaction. Tlie basis of tlic postoperative thyioid storm still re- 
mains unexplained. It probably is not the result of alteration in the liver func- 
tion as has been suggested by some authors wlio call thyroid crisis a liver 
reaction (liver death). 

Table I 


Lutp. Function in IlYPEnTiiYRoiDisM: Intravenous Hirrunic Acin Test 


UXGE OF 

excretion 

(ou.) 

NUMBER 

OF CASES 

A\’ERAOE 

B.M.R. 

AVERAGE 

DURATION 

AVERAOF. 

WEIGHT 

NUMCFP. or PATIENTS 
.\NP OPERATIONS 

V.- 

(MONTHS) 

(rOUND.S) 

ONE 

TUO 

THREE 

Uver 0.70 

0.60 to 0.70 

0.61 to 0.65 

0.51 to 0.60 

0.41 to 0.50 

0-31 to 0.40 

0-21 to 0.30 
_ 0.11 to 0 . 2 n 
'Total 

7 

6 

9 

8 

10 

4 

7 

442 

444 

445 

441 

447 

452 

448 

439 

23 

23 

7 

8 

20 

8 

12 

17 

28 

30 

21 

14 

21 

10 

20 

4 

4 

2 

4 

2 

2 

0 

3 

3 

4 

5 

6 

8 

1 

4 

1 

58 








Uver Function in Other Thyroid Conditions.— Fnlicnts with adenomatous 
SO' enritlioat hyperthyroidism showed normal liippuric acid excretions. In one 
subacute thyroiditis with slight fever there was a slight reduction 
One patient with chronic myxedema had still greater reduction witli 
tooU™*'™ patient with therapeutic hyperthyroidism, who 

desiccated thyroid a day in an effort to reduce weight, had an 
siio\^ ^ little more than one-third normal, 0.27 Gm. This patient 

of the depleting effect of hyperthyroidism on the liver and also 
jtif^.'° the fact that the test determines functional impairment since 

ft Probable or almost certain that with the discontinuance of the desic* 

*term- O'o liver function in this patient will return to normal. This we 
aed to be true in clinical hyperthjwoldism. 

-ll’oer Disease.— In Table II the sample results of the test in diseases 
fetiucTl t tbo liver arc given. In all eases of cirrhosis of the liver a 

iri, ttn . '"■os found, in most instances to a marked degree. The same 

® 'a the other cases of liver disease, which were the result of either in- 
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fection, chemical toxicity, or neoplastic infiltration. In catarrhal jaundice 
alone, which we do not recognize as producing intrinsic liver disease, the liver 
function was practically normal. Strangely enough, in three of four cases of 
chronic alcoholism, not recorded in Table II, in which no apparent physical or 
laboratory defects could be ascertained, the liver function (0.65, 0.64, 0.74, 0.67 
Gm. ) was onlj^ slightly altered in three instances. 

Table II 

Liver Function by Intravenous Hippuric Acid Test 
Diseases op the Liver 

A. Cirrhosis 

Number of eases studied, 11 
Bange of hippuric excretion 
0 to 0.40, 8 cases 
0.40 to 0.5, 2 cases 


B. Cholangeitis, 1 case 

C. Primary carcinoma of liver, 1 case 

D. Amoebic abscess of liver, 1 case 

E. Arsphenamine hepatitis, 1 case 

F. Catarrhal jaundice, 1 case 

G. Metastatic infiltration of liver, 2 cases 

Miscellaneous Diseases. — In a group of 5 patients with idiopathic splcRO' 
megal}’-, the test gave normal results varying from 0.68 to 0.88 Gm. In exogenmis 
obesity equally normal results were obtained, irrespective of the degree of over- 
weight. In chronic infectious arthritis there was a uniform reduction in le 
hippuric acid output to about 25 per cent. This reduction is apparent} le 
result of the effect of the strain of detoxification on the liver. ' 

One person with severe muscular dystrophy was tested, with a normal resn , 
the excretion being 0.8 Gm. This result is significant as one criticism o 
hippuric acid test has been the possible assumption that it may be the summa lo^ 
of the conjugation of sodium benzoate with glycine in both the liver an muse 
If this were true, a reduction in function should have resulted in this case. 

The depleting effect of anesthesia on tlie liver is now under 
number of investigators have reported the deleterious effect of various anes le 
on the liver. In the eases studied so far the hippuric acid excretion 
per cent on the day of the operation, with a gradual return toward noima 
the third postoperative dajL 


Hippuric add 
excretion, Gm. 
0.29 
0.16 
0.39 
0.11 
0.6S 

0.40 to 0.12 


CONCLUSIONS 


1. The intravenous hippuric acid test of liver function 


has been used in a 


large group of patients without subjective or objective reactions. 


The simplioilf 


of the test is noted. The results in a group of patients with 
compare favorably with the results previously reported in this con i mn i 

the sodium benzoate was given by mouth. _ ■ i r miric acid 

2. In intrinsic liver disease the degree of reduction in t le up 

excretion is in direct accord with the clinical and autopsy findings as 
damage. This finding speaks favorably for the test. _ ffMs increases 

3. The fact that repeated tests can be carried but without i e 

the value of the test. 
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THE nVPERPnOSPHATASEMIA OF PAOKT'ti niSE.\SE< 


n. Ij. IViLLUMS, B.A., M.S., AND E. M. Watson, Jl.l)., Eondon, C 'N 'di 


The serum phosphatase activity is cliaTactcristically incroaseil lu persons 
with Paget’s disease o£ bone. Different opinions liavo been expressed with 
Kgard to the nature of tliis hyperphospbatasemia. For example, Kay‘ relates 
the high values to an excess of pliosphatasc in tlic i)lood due to the diffusion of 
the enzyme from the sites of formation in the bones at rates above the normal. 
On the other liand, Thannliauser and co-worker's,^' ^ on tiic basis of tlieir experi- 
t'Ents, and the observations of Freeman and Chen,* conclude that the increased 
wnim phosphatase activity found in patliologic conditions, including Paget s 
'sease, is due to the presence of an activator of tiio cnzy’me in the blood rather 
* ™ actual increase of the amount of tlie phospliatase. 

All exact study of the question was made possible by the work of 0. 
’Odanshy on the relation of amino acids to pliosphatasc activity. He demon- 
sifated that under optimal conditions of pll. amino acid, and magnesium ion 
“"““‘rations, a measure of tlie reaction velocity of the hydrolysis of tlie sub- 
’■‘rate (sodium ^-glyeeropliospliate) by bone phospliatase is proportional to tlie 
'^aceiitration of the enzynne present. It may be assumed, tlierefore, that tlie 
“leasare of the reaction velocity (Qo.o^) can be used to indicate the relative con- 
I ““‘’■“bon of the phosphatase in the sera of persons Avith bone disease, espe- 
: ““y since 0. Bodansky’ showed also that the phosphatases of the hones and 

! '"'“ood probably are identical. 

I J , '’nsis of this liypothesis, the experiments described herein were con- 
i to ““““ of several patients with Paget’s disease in an attempt 
'termine the relationship between the phosphatase activity and the quantity 
!!i^cnzyme. 


of Pathological Chemistrj-. Ur.lver.aitj- ot Wrestern Ohtarlo Medical 

October 28, 1940. ■ ^ , 

S?rlea bi- a ‘Ws paper represent a part of an investigation of the metabolism of Mne sup- 

Associate Committee on Medical Research of the National Research 
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PROCEDURES 


The methods described liy A. Bodansky® for the estimation of the inorganic 
phosphorus and phosphatase activity were used with the application of all flic 
suggested correction factors for the deviation from Beer’s law, the presence oi 
trichloracetic acid and glycerophosphoric acid, retardation of hydrolysis, and 
conversion to a standard time of one hour. 


The extraction of the phosphatase was accomplished by treating the sera 
in the following four ways : 

1. The serum was diluted and dialyzed in a collodion membrane for eighteen 
hours against distilled water. The dialysate, usually clouded with precipitated 
protein which dissolved on the addition of a few drops of dilute alkali, ivas 
diluted to a definite volume, and aliquot portions were used to estimate the reac- 
tion velocity. 


2. The phosphatase and mnch of the protein were precipitated by the ether- 
alcohol method- of Martland and Robison.® The precipitate was filtered oft', 
ivashed with an ether-alcohol-water (3:2:1) mixture, and dispersed in a definite 
volume of water containing a few drops of a dilute alkali solution. Aliquots veie 
used as above for the reaction velocity. 

While both the foregoing procedures removed inorganic matter, such as 
magnesium ions, phosphate ions, amino acids, and hydrolyzable organic phos- 
phorus compounds, a large proportion of the serum proteins remained. 

3. Considering the serum as a solution of phosphatase, the latter was frac 
tionally precipitated by, 95 per cent ethyl alcohol, according to the metho o 
Albers and Albers.’® 

4. The first precipitation ivas carried out as in procedure No. 3, but the 
50 per cent alcohol filtrate and washings were treated with either a upj 
volume of 2 :1 ether-alcohol mixture or a double volume of 3 :1 ether-a co o 
mixture, and the precipitate was filtered off. Thus better jnelds of phosp a 
with a degree of purity equal to that of the other methods were oteme u 
the added advantage that the second filtration was more rapid. ^ 
proved to be the most satisfaetoiy. 

Aliquots of the solutions of phosphatase obtained by the 
lined were added to hydrolysis mixtures each composed of ™ i,,. 

Avcinc solution, and dilute sodium hydioxi ^ 


magnesium chloride solution, gl;\ 


ght to 25° C. 


tion.” The hydrolj^sis mixtures and the enzyme solutions were broU; 
before mixing, and the hydrolysis was carried out at 25° C. in a cons < 
perature water bath thermostatically controlled. ^ j],(, 


Portions of the lydrolysis mixtures were removed 
beginning of the reaction. In experiments where the serum 


had 


I)een treated ns 


utgiiiiinig i.iie reuuLiuii. a.n ^ -f If) Del' CCl't 

in the first two methods, the 1 ml. aliquots were added to i m . o 
trichloracetic acid solution. The resulting precipitate was eie , j j],e 
man No. 44), and the phosphorus in 6 ml. of the filtrate was es m 
method of A. Bodansky.^ When the serum was treated as m ^ 
fourth procedures, no appreciable precipitate formed; hence was 

were added to 5 ml. of the trichloracetic acid solution and tie p 
estimated without filtration. 
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The tables devised by A. BodansUy* Averc converted for the purpose of the 
present calculations by means of the factor 0.006, so that his data thus modi- 
fied gave at once the concentration of phosphorus per milliliter of the 
hydrolysis solution. The results avere corrected also for loss ou filtration avhen 
necessary. The final results were plotted against the time of the hydrolysis and 
the Qbo;, as recommended by 0. Bodanslty,'^ avas calculated. This value avas 
then related to the amount of serum used originally. 

If the phosphatase precipitated from 5 ml. of scrum is dissolved in 25 
ml. of water and 2 ml. of this solution is used in the hydrolysis mi.xture, then 
25 

QgojX 2 ^ ^ gives aa’bat may be regarded as a mca.surc of the reaction a-elocity 

per milliliter of scrum. This numerical value is proportional to the concen- 
tration of the phosphatase in the .scrum. 


KESULTS 

The results are expressed as the scrum phosphatase activity in Bodansky 
units and the reaction velocity per milliliter of scrum as shown in Fig. 1. The 
first three methods of extraction gaa-e similar amines and are not differentiated 
(curve A). The results obtained by the fourth metbocl arc represented liy cura'O 
B. Prom this chart it is evident that as the serum iihosphatase actiadty in 
Bodansky units increases, the measure of tlie reaction velocity, and hence the 
concentration of tlie phosphatase per milliliter of serum, increases in direct 
proportion. 

The high scrum phosphatase values found in these patients with Paget’s 
disease are associated, therefore, avith an increa.sed concentration of tiro enzyme. 
The lower results obtained for tlie reaction velocities in curve A arc attributed 
to losses of phosphatase in the tliird metliod of extraction and to inhiliition liy 
the sermn proteins in the first two methods. 

Not only did the concentrations of the pbospliatase in tlie sera vary 
directly as the activity in Bodansky units in general, hut each individual result 
r® ivell above the normal range for both the activity in Bodansky units and 
e reaction velocity per milliliter of scrum. Tliis is exemplified try comparing 

'results depicted in Pig. 1 avith those of a group of normal sera shoavn in 
table I. 


Table I 
Norjial Sera 


SERUSl 

WWSpjiATASE 
, activity 

-UNITS') 

RFXATIVE 

CONCENTRATION 

OF 

PHOSPHATASE 

SERUM 

PHOSPHATASE 

activity 

fnODANSKY UNIT.S) | 

. RELATIVE 

CONCENTRATION 

OF 

PHOSPHATASE 

i.'Si 

0.00083 

3.3G 

0.00137 


0.00105 

3.43 

0.00124 

m.54 

0.0010.1 

3.61 , 

0.00142 


0.00134 

3.67 1 

0.00140 


n.nniis 

4.0? 1 

0.00146 


“dult,"*™ observations it may be concluded that the sera of normal' 
end th phosphatase than the sera of patients avith Paget’s disease 

tbc increased scrum phosphatase actia’ity of tlic latter is not due to tlie 
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removal of an inhibitor normally present in the blood or to tlie addition of™ 

_ The data in Table I seem to be sufficiently consistent to indicate that the 
lauations m the phoplmtase activity of normal sera as ivell as those of Paget’s 
disease are due to variations in the concentration of tlic enzyme. 

concerning patients ivith other diseases, such as 
jaundice and arthritis, also suggest that in those cases in ivhieli the serum phos- 
phatase activity IS elevated, the elevation is related to an increase of the enzyme 
m the blood. 



rig. 1. showing the direct proportionality between tije sterum pliosphatase aeUvit 

£<oaansKy units and the concentration ot the enzyme per milliliter of serum, 

COMMENT 

Tiie observations deserilied in this report are at variance ivitli tliosc 
Thannhauser and associates.^’ If the increase of serum phosphatase activilj 
Paget s disease is due to the presence of an activator of the enzyme in the sen 
as they suggest, the increased concentrations of phosphatase, as indicated h}' 
elevated reaction velocities, which we found, would not occur. In order that 
increased activitjr be caused by an activator, the latter would have to he 
similar in chemical and physical properties to the enzyme molecule itself t! 
it would be inseparable from it by the methods used for the purification 
the enzyme. 

If the increase of serum phosphatase activity is due to the removal of < 
inhibitor of the phosphatase which is nonually present in the blood, the conce 
trations of the enzyme in the sera of normal persons and those with Fagcf 
disease, as indicated by the reaction velocities, would present similar yaiu® 
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This is not the case, for not only are the values generally higher for both the 
senmi phosphatase activity and the relative concentration of the phosphatase in 
the patients with Paget’s disease, but each individual determination is greater 
than even the highest normal value. 


SUMMARY 

^lethods arc outlined whereby the concentration of the scrum phosphatase 
is expressed in relation to a measure of the reaction velocity of the substrate 
under specific conditions. 

According to the evidence presented, the hypcrphosi>hatnscniia of patients 
^Yith Paget’s disease of bone is due to an actual increase of tlic concentration of 
the phosphatase in the scrum as opposed to the view that it is related to the 
presence of an activator of the enzyme in the blood. 
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LABORATORY METHODS 


QENERAL 


THE PREPARATION OP ANTI-M, ANTI-N, ANTI-A, AND ANTI-B 

TESTING FLUIDS* 


I. Jerome Siltorman, M.D., New York, N. Y. 


' I '0 PERFORIM the simple blood-groiiping test prior to transfusion, one must 
A possess, as is well known, high titered anti-A and anti-B sera AvMch are 
obtained ordinarily from particular group B and group A individuals, respec- 
tively. In a large hospital, where many blood-grouping tests are done daily 
the supply of these two sera must always be adequate ; or group A and group 
B individuals, whose sera are knoAvn to contain potent agglutinins, must al- 
ways be at hand. However, group specific sera can also be prepared by im- 
munizing rabbits with human blood and sucli immune anti-sera usually possess 
a high agglutinin titer, as shown by Hooker and Anderson,^ Landsteiner- and 
von Dungern and Hirschfeld.^ 

Aside from the above blood group factors A and B, , Landsteiner and 
Levine'‘'® discovered other agglutinable properties in the human erythrocyte, 
which they called M, N, and P. (In this paper, factor P vdU not be discussed.) 
They found that every individual possessed eitlier the factor M, N, or both M 
and N in addition to his blood group. To determine the presence of these ag- 
glutinogens M or N, immune rabbit serum was used since human agghitinuis 
for M and N have not been found, aside from three rare exceptions.^’' An in i- 
vidual may be in the blood gi'oup 0 or A, or B or AB, and also belong to trye 
M, N, or MN. 

To produce these blood-group sirecifie, immune anti-sera, the appiopim ® 
groups and types of human blood cells must be injected into rabbits. 1 aiious 
methods and techniques®’ have been employed for the production o ties 
immune anti-sera. Such sera have a wide practical application; name y, 
checking doubtful reactions encountered in routine blood-grouping tests, 
in medico-legal cases, the grouping of dried blood stains not too ba y 
posed;’®-” (3) exclusion of parentage ;’®’ ” (4) anthropologic studies ^1 
tracing the fate of the transfused red blood cell in patient’s 

In this paper, I shall present my experiences with the preparation o a 
anti-N, anti-A, and anti-B immune rabbit sera, using Wiener s me lo 
munization. I do not claim that this procedure is superior to otheis. 

PREPARATION OP ANTI-M AND ANTI-N TESTING FLUIDS ^ ^ 

Anti-M . — In the preparation of anti-M serum, 8 rabbits weie 
with blood from an OM individual. OM cells w-ere used to avoi e 

♦From the Laboratories of Pathology, Bellevue Hospital Out-Patient 
Tortc City. 

Beceived for publication, May 1, 1940. 
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of anti-A or anti-B agglutinins. Sterile precautions were taken tliroughout tlie 
procedures so that the final testing fluids, after ampouling, would he free of any 
liacteria. A total of 25 c.e. of OSI blood were withdrawn into 5 o.e. of sterile 3.8 
per cent sodium eitrato, and this was immediately divided into six equal parts, 
each representing the total daily dose for the 8 rabbits. Before injection the 
Mood sample was washed free of all plasma with physiologic saline and then 
suspended in about 20 o.e. of saline. Each rabbit was given intravenously 2 c.e. 
of this red blood cell suspension. The sixth daily injection was followed by a 
rest period of seven to ten days; this may he considered the first course. The 
first injection of each subsequent coui-se was given subcutaneously to avoid 
anaphylaxis, but all other injections were given intravenously. No tests were 
made until end of third course, since ’Wiener^*'' * found tliat only rarely were 
eood sera obtained in a shorter time. 


Tahle I 

Preparation op Axti-M Sera 
Preuminaf.y Tests 


htMCKE, IN-ACTIVATED 
SttlJlt WLDTED 20 TIWES 
INa AfTEP. 2 n-D .\BS0RP- 
TION’ UITII POOLED N 
CELLS 

KNOWN BLOOD 
CELL SUSPENSION 

DILUTIONS OP TESTING FLUID FOP. TITP.ATION AND 
TESTED AGAINST St CELLS 


N 

MN 

1:1 

1:0 

1:10 

1:20 

1:40 

1:80 
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+ + + 
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++± 
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20 
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+ + 

_ 

+ + 

+ + 

f 

* 



_ 

5 
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+ + 4 

- 

+ + + 

+ + + 

+ + t 

+ + ± 

+ + 

+ ± 

± 

40 

I^abbit MS 

+ + + 

_ 

+ + ± 

+ + + 

+ + 

+ ± 

+ 



20 

kakkit MO 

+ + + 

- 

+ + i 

+ + + 

+ + i 

+ + 

+ ± 

+ 

- 

40 

_ Babbit M7 

+ + + 

- 

4- + i 

+ + + 

+ + ± 

+ + 

+ ± 

± 

- 

20 


♦ + + complete agelutlnatlon. 
- agslutmatlon. 


W the 8 rabbits injected with Oil blood 7 remained alive, and from the 
"larginal car veins of these 7 rabbits about 5 c.e. of blood were withdrawn one 
injection of the third course. In addition to the anti-ll 
Sgliilmins present, these 7 immune sera would also contain species agglutinins 
IflT ™ ‘igfcdutinating any human blood, and these so-called nonspecific anti- 
'“roust he removed by absorption with the proper human blood cells, in this 
ON, an, and BN bloods.* Accordingly, in the preliminary tests, each of 
lim inactivation for one-half Iiour at 56° C., was diluted twenty 
uuii each now was added one-half volume of pooled, packed 

Jiied ON, an, and BN blood cells, mixing thoroughly to insure as near a 
loo *' "SSiutination and absorption as possible. These tubes were left at 
I "'Pro-ature for one-half hour, centrifuged, and the supernatant fluid 
2 per cent cell suspensions of OM, ON, and OAIN blood. Since 
Poo] ]"f “ definite agglutination with ON cells, one-fourth volume of the 

"Vor f- ’ t*'® supernatant fluid, and this second 

"ovenV''-'' completely the remainder of the species agglutinins. These 

"’ere then titrated against Oil cells. Table I presents the reactions 
'aiTous sera in tests carried out in small test tubes at room temperature 

and controlled bloods are usually from doctors, nurses, or em- 
Bospital and therefore are always available for absorption and testing purposes. 
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and read one hour after tlie set-up. Tlie rabbits %vith a specific anti-M titer of 
20 or more were then bled, their sera were inactivated at 56° C. for one-half 
hour, ampouled, and stored in an icebox. When anti-51 testing fluid was needed, 
one of these ampoules was diluted twenty times with saline and absorbed witli 
pooled N cells. This anti-51 testing fluid was now ready for use. 

Anti-N . — To prevent the formation of interfering agglutinins, anti-A and 
anti-B, ON blood Avas used for the injections, 8 rabbits being immunized by 
the technique already described. After tiie third course, 6 rablnts survived and 
their sera were tested, using pooled 51 cells for the absorptions. The same pro- 
cedure was followed as outlined under “Anti-51,” except that the sera were 
diluted fifteen times and the absorptions were carried out at 37° C. instead of 
room temperature. Tlu-ee absorptions were necessary before all the species ag- 
glutinins were removed and the fluids were then titrated. In Table II it will be 
seen that the titers of the N agglutinins are lower than the titers of the 51 ag- 
glutinins (Table I), and onl.y two of the anti-N sera were satisfactory for nse. 


Table II 

Pbepauatiox of Akti-N Seba 
P nEi.nriXAUY Tests 


IMMUNE, INACTIVATED 
SERUM DILUTED 15 TI.MES 
AND AFTER 3RD ABSORP- 
TION WITH POOLED M 
CELLS 

KNOWN BLOOD 
CELL SUSPENSION 
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- — 


PREPARATION OF ANTI-.V AND ANTl-B TESTING FLUIDS 

Anti-A . — -In the prejiaration of anti-A serum, 10 rabbits weie 
with AN blood in a fashion similar to that described under Anti-5L 
rabbits survived and from the marginal ear veins of these 4 rabbits about a w 
of blood were withdrawn one week after the last injection of the thii cou 
As AN blood had been injected, each rabbit could be expected theore 
produce specific agglutinins for N as well as for A. It was thought t a s 
the rabbits fail to manufacture a serum rich in anti-A agglutinins per lap 
would produce a usable anti-N serum, especially since our anti-i .mc 

the ON immunization was not large. ’naetiva- 

Aeeordingly, in the preliminary tests, each of the four sera, ^,,5 

lion, was diluted fifteen times with saline and divided into the 

portion to determine the content of anti-A agglutinins and the 0 
content of anti-N. To the first portion of each inactivated and cum 
serum was added one-half volume of pooled, packed, wasie ^ ’o.<,]utinat'wn 
and B5IN cells,* mixing thoroughly to insure as near as ^ 

and absorption as possible. These tubes were left at loora P 


•See lootnote (•) page 1339. 
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half hour and ceiiti-ifuged, and the supernatant fluid was tested against 2 per 
cent cell suspensions of OlilN, ON, AWN, and BJfN bloods. These tests showed 
that the first absorption in most eases was not eomplctc, so a second absorption 
ivas performed, tliis time witli onc-foiirth volume of the packed, pooled, and 
washed cells. 

Table III 


PnEPAEATION OF Anti-A SEEA 


Pr.nLiMiN.\RY Tr.sT.s 


f!(5{Cf,T, IS'ACnVATCD SERUfS DTCUTEDl 
15 TIMES AND ABSOnBED WITH OM, BN, 

[ KNOWN BLOOD CELL SUSPENSIONS 

INTERPRE- 

OMN, AND BMN CELLS 

OMN 

ON 

AMN 

BMN 
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1st absorption 
y* volume 
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+ ± 
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2nd absorption 
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anti-A fluid 
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+ + + 
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^/4 volume 
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- 

fluid 
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+ 
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2nd absorption 
% volume 
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“ 
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Ut absorption 
% volume 

- 
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+ ± 

- 

Weak anti-A 


2nd absorption 
% volume 

- 

B 

+ t 

“ 

fluid 


As can be seen in Table III, rabbits 4 and 7 produced a vei’j’ poor anti-A 
scrum, but rabbits 5 and G formed a strong anti-A serum. To determine the 
potency of the anti-A agglutinins in the sera from rabbits 5 and 6, eaeh diluted 
ord absorbed serum was titrated against suspensions of AMN and BWN bloods, 
os outlined in Table IV. 


Table IV 

Titpjition of Anti-A Testing Fluid 




®n»a PLoro 
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against ! 

1 DILUTIONS OF TESTING FLUID | 

1 

TITER 
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1:40 

1:S0 

1:160 

1:320 

1:040 
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the 


” ‘determine the content of anti-N agglutinins in the sera of the 4 rabbits, 
^ second portion of diluted inactivated serum was used. To each was added 
Aft ^ volume of pooled, packed, washed OW, AW, and BW red blood cells. 

orr'cAialf hour, the tubes were centrifuged, the 
cell^”'^*™* fluids were drawn off and tested against AM, Bli, ON, and OMN 
noticed that the fluids from the sera of rabbits 4 and 7 
rcactio**^™^ agglutination reactions rvitli ON and 05IN cells, but only a slight 
’and 6 fluids prepared from sera of rabbits 

®nid 5 poorly. A second ahsoi-ption was carried out on the supernatant 

’ this time using one-fourth volume of packed and pooled M cells. 
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After the second absorption, these two fluids were retested and found to he satis- 
factory for titration against N cells. The titer of the anti-N agglutinins was 
found to be approximately 16 (compare with Table II). 

It will be seen that of the 4 rabbits immunized with AN blood, 2 produced 
potent A antibodies and very little N antibodies, while the other 2 produced 
satisfactory anti-N agglutinins and only weak A antibodies. These 4 animals 
were bled to death, their sera were inactivated, ampouled, and stored in an 
icebox at 4“ to 7° C. One cubic centimeter of this serum will yield about 15 c.c. 
of testing fluid after proper dilution and absorption. Before any testing Md 
was ampouled, it was checked against several known control red blood cell sus- 
pensions. For example, anti-A test -fluid was tested against OM, BN, AMN, and 
AN cells, and, of course, definite agglutination took place ivith the last two only, 
namely, AMN and AN. No preservative ivas added to the ampoules. 

Anti-B . — Ten rabbits were given intravenous injections of BN red Wood 
cell suspensions in a fashion similar to that described under “Anti-M.” 

At the end of the third course 4 rabbits remained alive and tlieir four sera 
were examined in a manner analogous to that described for anti-A sera. One por- 
tion of the diluted anti-B sera was absorbed with pooled OM, OMN, AM, and 
AMN cells, thereby removing the species agglutinins and also any anti-A, anti-i , 
and anti-N agglutinins that might be present. The supernatant fluids, after 
absorption and centrifugation, were tested against known red blood cell suspen 
sions of OMN, ON, AMN, and BMN blood. All four testing fluids reacted very 
weakly against BMN cells. The sera, tlierefore, from which these testing iR s 
were prepared were considered unsati.sfaetoi'y for use. The unsuceessfu res 
of this experiment conforms ivith the observation that it is far more dimcu 
prepare satisfactoiy anti-B immune sera than anti-A sera.'^" _ 

As with the anti-A sera, the content of anti-N agglutinins was 
The other portion of the inactivated and diluted anti-B serum was absoi e w 
OM, AM, and BM packed, pooled, and washed red blood cells. After ^ ’ 

the four fluids were tested against known AM, BM, ON, and OMN ce 
sions. The agglutination reactions against the N cells were weak an e 
the sera were not satisfactory for use. 

Discu.ssroN 

In genei'al, to prepare an immune anti-serum the following mit' 
advised : 

1. Injection of specific antigen into sufficient mimbei of 

rabbits. , » 

2. Collection of small amount of serum from these anima s 
preliminary testing purposes. 

3. Inactivation and dilution of these sera. . 

4. Absorption experiments until specific serum ieact.s m 
only its homologous antigen. 

5. Titration. , 

1 20 or 

Should the titer of anti-A, anti-B, or anti-M agglutinins i cac i as 

those rabbits are bled, their sera are inactivated and store of these 

“Stock Serum.” When, let us say, anti-M testing fluid is needea, 
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ampoules ot “anti-M Stock Serum’' is diluted, absorbed, tested, and ampouled. 
With anti-N fluid, a titer of 10 or more is eonsidercd satisfactory. 

As will be noted, a fairly large amount ot blood is necessary both for the 
injections and especially for the absorptions. In a largo hospital with its many 
steady employees and with its “Blood Bank,” this seeming ditBculty can be 
overcome. 

An interesting observation is that in the pre.sent study we were far more 
successful in obtaining satisfactory anti-M sera than anti-N sera, which is con- 
trary to the e.xpericncc of most of the previous workers. This, as well as the 
variability in the response of the rabbits receiving AN blood (two forming good 
N antibodies but only weak anti-A; and the other two forming strong anti-A 
hut practically no anti-N), serves to emphasize the importance of the individ- 
uality of the rabbit in relation to the results of the immunizations. 


SUMMARY 

1. Of 7 rabbits immunized with OM cells, 6 produced satis- 
factory anti-M serum. 

2. Of 6 rabbits immunized with ON cells, 2 inoduced satis- 
factory anti-N serum. 

3. Of 4 rabbits immunized with AN cells, 2 produced satis- 
factory anti-A serum and the other 2 produced satisfactory 
anti-N serum, 

4. Of 4' rabbits immunized with BN cells, none produced a 
usable anti-scrum. 


,l0 lake this opportunity to thank Dr, A. S. Wiener, SeroloBl.st to the Offlee of the 
vnirr nedlcal Examiner of New York City, for his aid and niany suggestions. 
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AN APPARATUS TO RECORD MOVE5IENT OP THE EXTREMTIBS* 


Ruldolf y. Grimmer, M.D., and Orthello R. Langworthy, 

BiVLTIMOUE, j\Id. 


T here E a need for some simple method of recording vhich enables one to 
analyze quantitatively the ability to perform coordinated movements of the 
extremities and to show any abnormalities which may be present. It is onl) 
by such means that it will be possible to demonstrate the degree of funetiona 
disability ivbieb is present in patients with injuiy of the nervous system an 
to assay adequately the value of treatment. , 

The apparatus described here was devised primarily to study the laue o 
drug therapy in patients with the Parkinsonian syndrome. These patients s ow 
great diminution in the range and speed of voluntary movements, togetier lu i 
a rhythmical tremor of the extremities. These may be influenced by 
drugs, as has been described repeatedly in the literature. It has, boneiw,^ fsn 
impossible hitherto to obtain accurate comparative information conceimUo ^ 
relative value of these substances and the dose which gives the most satis ac 
results. It is also apparent that a method satisfactory for this purpose cou 
adapted to a study of other abnormalities of muscular control, such as t lose s 
in patients with athetosis or the cerebellar symdrome. ^ .'(r'ditv 

Doshay (1938) described a method of determining the grap le 
index” in patients with the Parkinsonian syndrome. This is csseiitm i ^ p,, 

of calculating the frequency with which groups of muscles can be con 
relaxed and the rate at which the movements tire. The effect of a 
these factors was studied. Tlie apparatus used was not discussed in a 
principles involved were similar to those which we have developed m open 

BESCRIPTION OF APPARATUS 

The apparatus shoivn in Fig. 1 works as a pulley system, Pjp 

efforts of a patient to move a weight hi a vertical plane by contiac i^^ 
muscles at the elbow or wrist. During the wrist movement the oiea j^y 
fixed against the arm of a chair, A lever, which is connected to e 
means of a thread passed through a pulley, writes upon a kymOaiap 
registered at second intervals. 


»From the Sub-Department of Neurology, the Johns Hopkins U 
City Hospitals. 

Received for publication. May 1, 1940. 


galflmore 



CRIMMER-LAXGWOUTIIY: APPARATUS TO RECOUD MOVEMENT OF EXTREMITIES 1345 


'While one haiul is raising and lowering the weight, the other is at rest hold- 
ing a balloon. This is inflated lightly and connected hy means of rubber tubing 
to a tambour, the arm of which writes on tlie kymograph. Any tremor in the 
lingers of the resting hand is recorded by this method. 



he patient is usually asked to raise and lower the weight a number of times 
^ ast as possible, and then more slowly. The latter procedure is omitted if the 
speed is greatly retarded. The result of maximal effort gives a good 
mav ^ I'igidity wliich is present. The slow contraction, in particular, 

^ ^^^perimposed tremor. However, in patients exhibiting the Parkin- 
tremor is best portrayed in most eases by the balloon system 
b]7r hand. It is usually exacerbated during the time the patient 

and T" when his attention is withdrawn from this hand (Fig. 2) 

tlie^.g jg gQjjjg emotional excitation. 

^P^^d of contraction and relaxation in the indmdual with the 
is greater when the weight which is lifted is increased 
Jr pound to four oi’ five pounds. Perhaps this is because the 

'V a r phase of the movement is increased and the interval between 

TlJr pliases is shortened. 

f'luse of ^lot yet entirely satisfactory to record fast movements be- 

cnit 1 I'ebound which is present in the apparatus. Consequently, it is diffi- 
t ‘^^^ostrate slight rigidity. It is hoped that this difficulty mav be over- 
t^c^^mcal improvements'. 
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DESCRIPTION OF RECORDS 

For the purpose of illustration two records made from a patient with the 
Parkinsonian syndrome are shown in Figs. 2 and 3. Fig. 2 illustrates move- 
ments of the wrist, while Fig. 3 illustrates movements of the elbow. The upper 
tracing in both records indicates time in seconds, the middle one tremor in the 
resting hand and the lower one the actual muscle contraction. In the latter the 
upstroke indicates contraction and the downstroke relaxation. 

TREMOR 

HDVEMEMT^ ^ ^ ^ k ^ . 

NO WEIGHT ONE POUND WEIGHT 

WRIST MOVEMENT 

Fig. 2. 



TOP SPEED SLOW 

NO WEIGHT --- 


TOP SPEED 

four pounds 


elbow’ MOVEMENT 


Fig. 3. 

In Pig. 2 the rhythmical tremor is present in the restmg nioi ° 
the period of wrist movement. The tremors also are superimpose 
tracing of muscle contraction, showing gi'apliicallj' the the 

phenomenon. The amplitude of the wrist contractions tends to ccrci 
act is repeated; it is less when the weight is increased. tremor 

Fig. 3 illustrates the movements of elbow flexion and extension. 
is well shown during the period of active flexion when the patient 

formed slowly. The tremor in the resting liand is increased w len jl,g 

is pulling a weight of four pounds; then it undergoes exaggeration 
active flexor movements. 
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SCHNEIEnSON; A SIMPLE, CLEAN, CBDAB OIL BOTTLE 
SUMMARY 

A metiiod of grapliicall.v I'ocording voluntary movements and tremor in 
patients mth the Parkinsonian syndrome is described, Tlio apparatus is in- 
expensive and gives reliatilo records. It has been utilized to test the effect of 
drugs upon the rigidity and tremor which these patients exhibit. 

reference 

Dosftaj’, L. J.i Grapliie Jiigidify Index, J. Mt. Sinai IToJtp. 6: 451, 


A SIMPLE, CLEAN, CEDAR OIL BOTTLE* 

S. Stanley Schneierson, II.D., New York, N. Y. 


pEDAK oil bottles, as a rule fitted witli glass, wooden, or metal applicators 
that dip into a pool of oil, are not satisfactoi-j- because it is difficult to con- 
trol the amount of oil desired and the direction of the oil on the slide. As a 
result, the bottle, the iiauds, tlie microscope, and its stage may boeonie smeared 
'vith cedar oil. 



The bottle described herein offsets these difficulties. It is very simple to 
have found it to he clean and very convenient. 

An ordinary stain dropper bottle is used. The tip is drawn out to a fine 
foat in the pilot light of a Bunsen burner. The end is out off, leaving a very 
traall opening at the end of the dropper. It is important to have the opening 
of the right caliber. If it is too large, the oil will drop by gravity and 
up into the bottle. If it is too small, too much pressure will be required to get 

w proper flow. 


. iiotlow inner part of the dropper is filled w'ith oil by means of a Pasteur 
’’Trttc, and the rubber teat is applied. The bottle is now ready for use. 

. needed, the oil is merely dropped on any part of the slide just like 
®'n, and the amount to be applied is regulated by the degree of pressure on 
“e mbher teat. 

The dropper is refilled whenever necessary. 

!)ince the dropper and sides of the bottle are ground and fitted, there is no 
J^ation and h.nrdening of the oil. 

n*e Laboratorie'i of me Mount Sinai Hospital, New York, 

'*’w for Publication. May 10. 1940. 



HEMATOCRIT TUBE FILLING PIPETTE* 


Arthur C. Stirling, 1M.D., Rochester, N. T. 


T he instruments and methods used in filling and in cleaning the fine bore 
hematocrit tubes of the Wintrobe type, now employed extensively for de- 
termining the blood sedimentation rate and erjThrocyte volume in patients ivith 
arthritis, tuberculosis, or other infections, have been open to criticism on several 
points. We hav^ described a new and simple device for the rapid cleaning and 
drying of such tubes.^ Here we shall offer a solution to the vexing situation of 
constant breakage of the slender glass pipettes now employed to fill this hpe of 
hematocrit tube. This breakage is costly in time, and often in material, to the 
clinics where many such blood studies are made. 



La 


Pig. 1. — Hematocrit tube flUins pipette. Refer to text for explanation of 

The filling pipette here described (Fig. 1) is relatively jgpt)] 

more than average usage. The slender stem (A), which extends to t ie u 
of the tube to eliminate bubble formation, is made from a staintes urn a 
ture needle by the removal of the beveled pointed tip. The 
shank of the glass bulb (R) is fashioned to fit snugly into the a 
needle, thus making a leak-proof jmt easily detachable joint, sue as 
with the common syringe. The bulb is made of glass to permit P,], 

its contents, and holds about 2 cm. of blood. A rubber bulb (G) is a 
to facilitate the exchange of the oxalated blood via the filling pip® ^ Ljpjjgiiing 
This devdee is quickly cleaned by simply detaching the parts an ^ 
them to the suction tubing used for cleaning the ordinary blood pipa e 
hematocrit tube itself. 


reference 

1. StirKng, A. C. : Hematocrit Tube Cleaner, J. Lab. & Clix. Med. 26. 393, TT-introte 

* lilt* 

This filling pipette is available either separately o'" 
hematocrit tube and cleaner through the Will Corporation, Bocnesce , ^ . er'iO' 

•From the Department of Medicine. School of Medicine and Dent^JV^.^.p^j HosP'^^ 
Rochester, and the Medical Clinics of the Strong Memorial and Room, 

Rochester. 

Received for publication, April 29, 1940. 
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THE DlAfiNOSTIC VATjITE OF THE COLLOIDAL CARBON 
FLOCCULATION TEST IN SPINAL FLUID^ 


Paul B. Szaxto, il.D., Sahuei^ Burack, JI.D., akd Oscar Kreisler, jM.D. 
IVAXKAKEE, TlL. 


TX A PREVIOUS papcD \\c investigated the diagnostic value of the Takata-Ara 
^ reaction of the cerebrospinal fluid in ncurosyphilis. The purpose of this 
paper is to prove the value of the colloidal carbon flocculation test in spinal 
fluid in cases of neurosj'philis and to compare the results with the Lange test 
and the Takata-Ara reaction. 

Benedek and von Thurzo- introduced the so-callcd Kolloid-Schutz Index 
test for the differential diagnosis of diseases of t)io central nervous system. 
Other workers^ were unable to confirm their results. 

Looney,* and later Looney and Stratton,'^ prepared a stable colloidal sus- 
pension of carbon by electrolysis between two carbon electrodes. Their method, 
interpretation, and results were very similar to the Lange test. They stressed 
the fact that the test is at least as sensitive as the Lange test and that the sus- 
pension is more stable. 

Sehube and Harms® modified and simplified Looney's method. These work- 
ers, and later Deadman, Elliott, and Smith' showed tliat in cases of positive 
^assermann reaction in spinal fluid the colloidal carbon flocculation test in 
about 90 to 95 per cent of the cases was also positive. Various workers confirmed 
these results, especially Selesnick,® who examined 478 cases. Of these, there 
^ere 55 cases of neurosyphiUs, and in every case of a positive spinal XVassermann 
e found a positive colloidal carbon flocculation test. In over 400 cases where 
the spinal fluid was negative for syphilis there were only eight ‘ ‘ false positive 
reactions. In these false positive” cases lie found rapidly growing bacteria in 
t e spinal fluid which he stated were the causes for the positive reactions. 

METHOD 

j used the method of Sclrabe and Harms' with the exception tliat we 
that four tubes gave sufficiently accurate results. Into each of four 
Ksermann tubes are placed 1 e.c. of distilled water. One cubic centimeter 
^ spinal fluid is placed in the first tube wffiich is well agitated, and 1 e.c. of the 
^Wure is transferred to the second tube, etc. One cubic centimeter of fluid 
till ‘f 5*^0™ the fourth tube. In a fifth tube one cubic centimeter of dis- 
^ Water is used as a control. Into each tube is now placed 0.1 e.c. of a 0.1 

Mat oxalic acid solution and then 0.4 e.c. of a 1 per cent colloidal carbon 
Jrasion. The resulting mixture is well agitated. The colloidal carbon solu- 

V"' Kankakee State Hospital. K.ankakce. Dr. G. XV. Morrow, Managing Officer, 
t'ea for publication, May 6, 1940. 


1349 



1350 


the journal op L.H30RAT0RY AND CLINICAL MEDICINE 


reagent used. ’>P ‘o «» c.«, .,.<1 thfa fc „,, 

compttTSStto '’“®" "•>“ »>« » 

conditions occur in any one ol tljo Lir tnl.l’’ n'"* “ *»• H ll»sc 

The results arc read after twelve Iionrs. *’ '' Posiliw. 

MaVTERIAL AND RESULTS 

the uVnon™reaoSnt^46^°^^^^^^ * 

w had cerebral arLSdertlt .^S had chronic alc.k*„, 

deficient. ' idiopathic epilepsy, and 7 were menfalh 

spinal negative. In 141 cases of positive 

the other 15 cases of posS^T W flo<^cn]ation test was also po.sitive. In 

was nc'^ativo nv Pi u i asseimann the colloidal carbon floeeulation test 

cases of general pares^is.^^^ positive in 90.4 per cent of the 

COMPARISON WUTH OTHER TESTS 

the colloidal .Q tlTical first zone curve (paretic curve) 

^ddTe z± Ir positive. In 51 cases with a 

In 10 easpt! ->7^’ colloidal carbon flocculation test was positive in 49 cases, 
positive ^ end ^one curve, the colloidal carbon flocculation test was 

sermann i f treated eases ivith a negative Lange, but positive Tl^as- 

sermaun, ho colloidal carbon flocculation test was positive in 36 cases. 

In 1 fid Polar, ^ ^ eompai'cd the results in 134 cases of general paresis, 

tion ’<^^o_the Takata-Ara test was positive, the colloidal carbon floceula' 

the ofiUfh'd I cases. In 31 cases of negative Takata-Ara reaction 

the colloidal carbon flocculation test was positive in 25 cases. 

COJIJIENT 

Lanep carbon flocculation test appears to be more sensitive than the 

the vsT^ a-Ara tests. It is positive in about 90 per cent of eases where 

cases f)f D- is positive. The test continues to be positive in treated 

alrendv '''diere the Ross-Jones test, cell count and Lange test arc 

orma . Our eases gave no ''false positive” results. Because of the 

facilities are noi 


sinirvPpH f 4.1 ^0 false positive” results, 

available*^ ^ where ordinai\v laboratory 


of 


SmiJIABY 

colloidal carbon floeeulation test was positive in 90.4 per cent of eases 
general paresis with a positive spinal Wassennann. 

le test is more sensitive than the gold sol and Takata-Ara tests. 

REFERENCE.S 

/n^Ue^COT£'Li™T?^’'i'^x^’ The Diagnostic A^alue of tlie Takata-Ara RmvO'ob 

2. Benedek L J- & Cnw. Med. 26 : 3079, 3940. . 

f 'cl trpK N 33.: India Ink in Diagnosis of Nervous Vifcsff^r 2t- 

I- a- ges. Neurol, u. Psychiat. 119; 69, 1929. 
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AN AUTOlUTIC BLOOD PRESSURK REf’OKDINO APPARATUS* 


Harry Weiss, C.E., AI.D., Ph.D., New York, N, Y. 


'T'HERE is at present no device or ]>rinciple tliat permits tlie continuous, 
I simultaneous, and automatic recording of tlic systolic and diastolic pres- 
sures, the pulse pressure, and the pulse rate. Bncli a device would open a wide 
fcld of clinical and experimental investigation. It also lias obvious practical 
values. 

This communication dc.scribcs such a basic principle and gives the de- 
seription of an instrument tliat will furnish tlieso data. The apparatus is de- 
signed to permit readings at fixed intervals over predetermined periods and 
under vaiying conditions, suoli as sloop, rest, and moderate activity. The results, 
tahermore, are entirely comparable with the readings obtained bj’ the ordinary 
suscnltatory method. 

The principle is that of a fluctuating base line resembling a sine curve, 
"hich is projected onto a calibrated film or paper by means of a moving 
“seilloscope, galvanometer, or similar device. Tliis flnetnating base line is pro- 
duced by, and corresponds to, the changing pressures in a blood pressure cufl;. 
"lie sensitive element witliin the oscilloscope (crystal, or a conductor in a mag- 
netic field) or the galvanometer (conducting string) is then independently 
eetivated by sounds picked up microphonically at the antccubital space. This 
tesnlts in a deflection from the base line by each sound produced. These sounds 
"e produced with each pulse beat in the pressure range between systole and 
“Stole, and the points at which they appear or disappear represent the systolic 
“d diastolic pressures. The pressure range between these two records the 

pressure. The pulse rate is obtained by imposing a timer element on the 
record. 

"file apparatus is shown in Pigs. 1 to 4. Fig. 5 is a representation of the 
^aph obtained. The apparatus con.sists of a flat metal base plate (2) to which 
— ^pid h attached an inverted TJ-shaiied holder (5). Tlie points of attachment 

Ole secona MeOlcal Service, Mount Sinai Hospital, New York, 
for publication, May 10. 1940. 
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are at (5) and (4). At the midpoint of the horizontal member or roof of this 
inverted U-shaped holder, there is a small socket (8). On the lower surface 
of this socket there is a smooth depression (5) to receive a pivot. Opposite 
this socket and rigidly attached to the base plate midway between the two legs 
of the inverted U there is another socket {10) ivhicli also contains a similar 
smooth depression {11) and into which another pivot fits. 



An oscillometer, otherwise known as an oscilloscope, is suspended between 
these tw'o pivotal points so that it can rotate freely both clockwise and countei 
clockwise. There are two pivots fixed to the oscillometer, one at its lowei 
{13) and the other at its npiier end {14). These fit into the corresponding 
sockets {9 and 11). 

The oscilloscope* shown in the draivings consists of a hermeticallj sealed 
chamber {15) in w’hich there is a crystal bimorph element {16) 
casing at the lower end, the upper end being free. To this free end a sma 
miiTor {17) is attached by means of a filament {18). This end is thus fiee 
vibrate torsionally and independently, and wdth it the attached mirroi. ^ 
are two contacts {19 a and b) leading from the bimorph element uitnn 
oscilloscope to which conducting wires are attached so that a cuiient ma. 
induced to flow through the element, causing it and the attached 
vibrate as described. The unit is filled with oil which serves as a 
agent and also protects the crystal against physical shocks. A window 
the head of the oscilloscope, sealed bj' a plano-convex lens affords access 
mirror and enables the light from the mirror to be brought to a focus 


any additional optical parts. 

A beam of light reflected from the mirror through the window 
the movement of the mirror and is I'ecorded on a recording camera. as 

of light can be independent of the apparatus shown, or it maj e ^ ^ 

•The oscilloscope described is a modiacation of the Brush piezo-Electric O.c 
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desired either to ttie base plate, to the inverted U member, to the oscilteope 
01 to the upper pnmt of tlie oscilloscope extended through the top of the in- 
verted U Its position depends on the desired placement of the cameva ivhidi 
IS controlled 113 ' factors of convenience and compactness. 

The oscilloscope described in this communication and on the drawings is 
a crystal bimorph unit, bnt an 3 ^ other oscillometer, such as tho.se eommonl.v 
used in electrical practice wliieh emp]o 3 ' a conductor in a magnetic field, can 
serve the same purpose. 

The current activating; the oscilloscope element and mirror to move witliiii 
its case comes from a microphone (21) which is appropriately electrified and 
is designed to be applied to the anteeubital space of the arm below a blood 
pressure cuff. The current from this microphone, induced by the sound pro- 
duced at the anteeubital space, then passes through an appropriate apparatus 
(induction coil, resistance, etc.) to the binding posts of the oscilloscope, and 
as a sound is produced at the microphone the mirror within the oscilloscope 
twists and the beam of light reflected into tlie camera from the mirror recoi'(b : 
this movement. : 

Rigidl 3 ’’ attached to the oscilloscope at (25) is a section of a gear {26). ^ 
This gear meshes with a second gear (27), which is rigidly attached to the ^ 
pivotal shaft (28) of an anaeroid (30) at point (29). The auaevoid is feed - 
through a saddle (31) to the base plate. The air entrance and outlet of the > 
anaeroid is at (55), and to this is attached a tube (34) leading through a T 
to an air pump (36) or metal bellows. These can be adjusted for desired pres- 
sure ranges. ; 


-wa.' 


The other leg of the T (55) is attached through a tube (39) to a three- 
valve (40), Through this t}iree-wa 3 ’’ valve two other connections are made, one 
through a tube (41) to a hand bulb such as is used in the ordinary blood plea- 
sure apparatus and which incorporates a b 3 ’’-pass to the outside air, the other 
through a tube (42) to a blood pressure cuff which encircles the arm just abo''e 
the point of application or attachment of tlie microphone at the antecubita 
space. The hand bulb is used for purposes oif adjustment. During tbe auto 
matic operation of the instrument, it is closed off at the three-way valve ( 
and the arm cuff is open to the pump. 


OPERATION ■>: 

The apparatus operates as follows: The motor, geared down to a riov 
speed, operates ■ the eccentric to which the piston shaft (38) is attached. < 
causes a slow reciprocating action of the piston head (37) in the pump c 3 
(36) and results in the reciprocal movement of air into and out of the aiiaei 
(30) and the arm cuff. With this rising and falling of the air 
a corresponding cloclcwise and counter-clockwise movement of the pivo a 
(29) of the anaeroid (30). As this takes place the gear (27), rigidly 
to this pivotal shaft, moves likewise. The gear (27) meshes with the osci A, 

gear segment (26), causing it to rotate backward and forward. This 
ment (26), being rigidlj' attached to the oscilloscope, causes that unit 0 1 
both counterclockwise and clockwise. 
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A beam of light is rcflcctccl from the oscilloscope mirror { 17 ) onto the 
moving sensitized film or paper of the camera, and a line is obtained resembling 
a sine curve which is smooth and represents the base line upon which tlie blood 
pressure readings are to bo recorded. This base line is calibrated to run be- 
tween any desired blood pressure levels by means of the displacement permitted 
the pump cylinder head within the pump casing. The upper limit of its ex- 
cursion is adjusted and fixed through the motor-driven eccentric, the lower 
limit through the hand bulb. It is, of cour.se, preferable that this lower limit 
he at a pressure of zero millimeters of mercury for the convenience and comfort 
of the patient. 



. This smooth basic curve is shown in Fig. 5a. If it is desired to take read- 
“l?* at a higher blood pressure level and over a larger range, the eccentricity 
1 the driving motor is increased and the basic curve will be as shown in Fig. 5li. 

the apparatus is being alternately inflated and deflated by the pump 
®'i the basic line is being drawn, the pressure in the arm cuff rises and falls 
"* '™^Tonding fashion. As tlie pressure rises from zero to the diastolic pres- 
no sound is produced in the antcciibital space up to the point of diastole 
’ the sound appears because tlie artery is now being compressed. This 
i “ detected by the microphone { 21 ) fixed over the artery in this space. 
Hj ' l’'’®"re continues to rise, the.se sounds persist with each heart beat until 
jjj '’’■'assure risc.s to the point of systole when the sounds disappear because the 
‘^^’''Platcly occluded. As the pressure falls the same events take 
' except that the sequence is now reversed. 

Pkooc**!^ produced in the antccuhital space and picked up by the micro- 

! electrical impulses which are transmitted to tlie crystal 

simill ^ loop) of the oscilloscope { 12 ), causing it to distort or twist and 
I Tkis ih", ^'’ 0 attached mirror ( 17 ) through the suspension { 18 ). 
N causes a deviation from the smootli base line described 

‘'■‘■egularities in this line which represent at their beginning and 
Fi; 5 j, points of systole and diastole. Such a curve is represented in 


! 


Pulse 


rates arc obtained by means of a timer recording on the film. 
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The apparatus is automatically controlled by means of a clock meclianisra 
to take records at various predetermined intervals and over any desired periods. 
The automatic control of the instrument, which is not new and therefore not 
showm, consists of a timing device which regulates the stopping and starting at 
fixed points and permits the instrument to run for fixed periods. It simultane- 
ously switches on and off the pump motor, the camera motor, the source of light, 
the camera shutter, the timer, and the microphone. The "make and break” is 
planned to take place at the lorvest pressure phase so that there may be no 
pressure on the arm during the intervals when readings are not being made. 

SUMMARY 

A blood pressure recording device is described which functions auto- 
matically and Avhich can record both systolic and diastolic pressure readings. 
These readings can be taken in the absence of a physician or operator, per- 
mitting blood pressure recording during sleep, rest, and various phases of ac- 
tivity. The records obtained are entirely comparable with the readings ob- 
tained by the ordinary’- auscultatory method. The instrument also records the 
pulse pressure and the pulse rate. 

The instrument functions as a complete unit for the purpose described. 
It is intended to employ it further as part of a cardiodynamometer to measure 
relative cardiac efficiency. 

Addendum . — During the development of this instrument other devices were designed 
which employ the same basic principle, that of a sound-sensitive element moving in sjncironj 
ndth an induced pressure. One such design utilizes a gnlvanometric string oscillating in^^ 
split magnetic field. Another employs a fixed galvanometer string and an oscillating 
A third employs a mirror that moves torsionally with pressure change and re ec s 
shadow of a fixed galvanometer string into a fixed camera. 


A JIANUALIvY OPERATED ERGO]\tETER- 


George R. JIeneely, JLD., and Nolan L. Kaltreider, M.D. 
Rochester, N. Y. 


POR a number of years it has been our custom to use a bicycle ergomcter of 
A special design in certain experiments in which the respiratory exchange was 
measured during muscular exercise. AVith certain patients difficulties were 
encountered, which led to the use of an ergometer which could be operated hy 
hand while the patient w’as comfortably seated in a chair. In this ergometer, the 
work was measured by recording the output of an electrical generator. The 
principle has been employed hy Kelso and Ilellebrandt.^ 

The construction of the ergometer is evident from Fig. 1. The sprocket 
tooth ratios were selected to drive the motor at approximately its rated speed 
with convenient cranking rates. The electrical circuit is diagi’ammed in Pig. 2. 
The motor generator acts as a brake, and the patient overcomes the resistances, 
both mechanical and electrical, and produces electrical power which is dis- 
sipated by the load resistances as heat. An easily readable voltmeter is placed 
before the patient, who maintains his output constant by w'atehing it. 

The method of calibration is a familiar one in electrical engineering 
practice: 


Output of the subject =: input to tlic ergometer. 

■ Input to the ergometer = armature generated power plus power losses. 

3'P = Pa + Ps 


i- Pa: 


la X Eg 


3. la 


Et 

R1 


(1) 

where P =: output of subject in watts 
Pa = armature generated power 
Ps = power losses 
( 2 ) 

where la = armature current 
Eg = generated voltage 


(3) 

where Et = terminal voltage 

El = resistance of load resistance 
= Et + B(I + (la X Ba) (4) 

where Bd = brush drop 

Ea = resistance of armature 

= Et X Bd Etz Ha 

, Ei '+ (5) 

Tie “'1 C"*) “ (2)- 


cranked by hand with selected field currents at arbitrarily chosen 
■voltages, and values for Pa at these values for Et were calculated from (5). 

& of Medicine, University of Rochester. School of.Medicine and Den- 

Medical Clinics of the Strong Memorial and Rochester Municipal Hospitals. 

for publication, May 16, 1940. 
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Fig. 1. — Construction of ergometer. The generator is a % 2 th horse power D-C. shunt ■wounii 

motor. 



Fig. 2. — ^Electrical circuit. The fleld of the motor generator ^ ^gy^ed by 'r„A 

The potentiometer (P) adjusts the fleld current to any resistances “"oj-bc 

meter (illA). The armature generated power is dissipated by the lo .ggrver. I"®}' The re- 
as heat. The voltmeters (T) are one for the patient and t”!? v'T and controlled of 

supplied to the armature for calibration purposes by the switch (* 2 ; j^r the P''tP 

sistance (R), The ammeter (A) and the ammeter reversing switch tmi a n,ain 1 

calibration also and may be thrown in and out of the circuit bj a 
switch (S3) is provided. 
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k Powf?r losses are of two sorts: "copper losses’* and "stray power losses." When the 
ergoiueter was run motor action, tho electrical input overcame those losses: 

(Ea X la) = Pc + Ps (C) 

where Ea = input voltage (effective armature \oltagc) 
la = input amperage (armature current) 

Ea X la = input power 
Pc = copper losses 
Ps =r stray power losses 

10. Hence Ea x la = Ps + Ii\2 Ra + Bdia (7) 

where Ta^Ra = armature copper lo.<«s 
BdIa = l)rusU drop loss 

11. Now Ea = Et - Bd (8) 

\l Hence P3 = (Et - Bd) la - lazRa - BdIa (9) 
from (7) and (8) 
where Pc =: la^Ra + Bdia 

13. The ergomoter was run motor action and straj* power losses for vaiious r.p.m. were cal- 
culated from obscrv'od load terminal voltagc.s (El) and arniaturc current for several 
empirically chosen values of field current by (9). 

14. The ergometcr was operated with only' a voltmeter ui tho armature circuit and no load 
terminal voltages for tho r.p.m. used above were ob^e^vod at the same field currents used 
ia 13. 

13. The voltage at the terminals at load is related to no load terminal voltages by the 
following: 

El=: Enl - Bd - la Ea (10) 

where El = load terminal voltages 

Enl = no load terminal voltages 

IG- Substituting (3) in (10) 

El=5HL^-2i (11) 

1 + Ra/El 

If. Tor any value of El a value of Enl can bo found and hence an r.p.m. for given field 
Currents (steps IG and 14). 

% adding a value for armature generated power (from step 7) to the stray power loss 
corresponding to that terminal voltage (from 17), a total power is found which repre- 
sents the input of the patient to the ergometcr (1). 

The power in watts w’as converted to kilogram meters per minute ; from this 
Was prepared showing kilogram meters per minute versus load terminal 
for the field currents and load resistances used ( Fig. 3 ) . The higher the 
® current, the lower the cranking rate is foi* the same amount of ^York. In use, 
* ^ cranking rate and desired working rate are translated into load terminal 
Jige and field current. The operator brings the ergometer to speed and 
I** to the patient the desired voltage on the voltmeter before him. He is 
.r to take over the cranking at a given command. An observer records 
^ f terminal voltage every thirty seconds during the exercise period, and main- 
field current constant manually when necessary. At the end of the 
^eise period the patient releases the cranks and allows tliem to spin freely. 
^ shows four experiments comparing a normal person and a patient 
%{ disease on the hand and bicycle ergometers. Strict comparison is 

possible because the amount o£ work is different, but two facts are apparent: 

efficiency is greater with the bicycle ergometer, and exercise 
kgs appears to augment the ventilation more than exercise with the 
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Table I 

Comparison of Two Patients on the Hand and on the Bicycle Ergometeb 


subject 1 

1 n.k. (normal) I 

! H.K. (CAECIAC) 

Ergometer 

Hand ' 

Bicycle 

Hand ] 

Bicycle 

Time, minutes 

3 1 

3 

3 

5 

Work, kilogram metera/miuute 

250 

432 


315 

tVork, calories 

1.758 

3.03G 

1.827 


Excess iieat production, calories 

10.454 

1G.907 

14.974 1 


Net eifieiency per cent 

16.82 

17,96 


14,91 

Ventilation/minute exercise 

17.04 

19.13 

26.1 1 

2G.0 

Total oxygen debt 

0.520 

1 1.127 

1.688 

2..3a0 


DISCUSSION 

No method of calibrating a motor is free from criticism. The method re- 
viewed here is standard engineering practice and is fully discussed in text- 
booliB on this subject. The generator used in the apparatus of Kelso and Helle- 
brandt was an automobile starting motor. It had advantages over t!ie one 
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600 650 
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KILOGRAM METERS / MINUTE umber of values 

Fig. 3. — Calibration curve. At a selected value of fteW 

may be chosen, depending on the cranking rate suitable for the patitm, 
rent, the greater the cranking rate for the same amount of worK. 

used in this ergometer. A family of curves was obtained in the 

rather than a single curve for all values of field current as va.s may 

their machine. The advantage of the single curve is that the fie 

be varied to change the cranking rate, yet the worldng rate 

long Sts the terminal voltage is held at the same rmlue. ^ .manend.'' 

It is advantageous to incorporate the motor power circuit pei 
the apparatus, as this makes it possible to check the calibiation a- 
a few minutes. 
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BLANDAU- JORDAN: ARTIFICIAIi INSEMINATION OF WHITE RAT 
SUMMARY 

Certain objections to -the use of the bicycle were overcome by construction 
of a manually operated crgometer. The motor-generator braking principle 
was used. The method of calibrating this apparatus is briefly reviewed. Com- 
parison with the bicycle ergomoter .showed that the mechanical efficiency of 
He arms is less than that of the legs, and that cxcrci.se with the arms augments 
wntilatiou more than exercise with the legs. 


UEarEKENCE 


I. Kel." 0 , L. E. A., and Hcllchrandt, Prances A.: Tlic Eccording Elcctrodynamie Brake 
■Bicycle Ergometer, J. Lab. & Clin. Med. 19: 1105, 1934. 


A TECHNIQUE FOR THE ARTIFICIAL INSEMINATION OF THE 
WHITE RAT* 


Richahd J, Blandau, Ph.D., and Edwin S. Jordan, A.B. 
Providence, R. I. 


A 'ICIAL insemination of laboratory mammals is of increasing importance 
m studies of the physiology of ova and spermatozoa. In the rabbit,*' * 
^ inea and dog,*' * artifleial insemination may bo successfully carried out 
o? mcrey depositing a sperm suspension in the vagina. In the rat, on the 
sr and, numerous attempts to impregnate females in heat by depositing 
srm suspensions in the vagina alono resulted in complete failures, 
bus .®^*'^°’tilly inseminated rats by operating and injecting sperm 

to through the uterine walls. Fragmentary reports relating 

lu— ! insemination of female rats and mice' may be found in the 

kre, no one of them completely satisfactory in the life of recent dc- 


liletatu 
'elopments. 


si’mi'^''r i'^ne described has been used successfully in the artificial in- 

nt female rats during a studv of the fertilizing capacity 

oiQ Ova. 

^ for the proper time for insemination we have depended upon tJie 
heat ' or sexual receptivity as elicited in the female rat during 

region of the iliac crest of a female rat in heat is manually 
ohara (* ^^omes the characteristic posture of lordosis. This posture is 
the extension of the limbs, arching of the back and a raising 

V this and tail. The onset of heat can be accurately determined 

relationship between the onset of heat and o\n]Iation is 
honiMn^^ definite that the latter may he said to occur approximately ten 

■ — beffinniTifr nf Tion+ s-u 


i beginning of heat.®'” 

UioloElcal Laboratory, Brown University. Providence. 
‘ * ■ .... ^.T.rL?.^MOb was suDtif 
R'fWi'aj 


1*. ’^'3 In ’ Si 

■"s of ^^^Oeation wa^s^ sy^orted by a grant from the Committee for Research in Prob- 


I Research Council, 
for publication, May 18, 1040. 
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Since the animals which were to be inseminated were not allowed to 
copulate, the cervix uteri of each animal was stimulated during heat by a strong 
faradic current, according to the technique of Greep and Hisaw,” and Astwood,” 
When a female rat is to be inseminated, a normal adult male is killed by 
grasping it by the tail and striking its entire body sharply against a solid ob- 
ject. Any other method for killing usually results in struggling, urination, and 
ejaculation, witli the resultant loss of sperm. Tliis loss can be entirely avoided 
after a few trials in the proper method for killing the male. 

The male is immediately opened byr a ventral incision. The bladder is re- 
tracted posteriorly by a Kelly clamp, and the cauda epididymides and vasa 
deferentia are removed with a fine pair of scissors. Fat tissue adhering to the 
cauda epididynnides is dissected away"^. 

Contrary' to the usual method of macerating the epididymides and vasa def- 
erentia in Locke’s solution, and subsequently' drawing off the sperm suspension 
from the debris, a technique has been devised by' which a pure sperm suspension 
is obtained. This is of importance since the suspension must be drarni into a 
relatively fine hypodermic needle for insemination. It also eliminates the pos- 
sibility' of contamination by' the presence of gross amounts of cellular debris. 

The cauda epididymis is held between the fingers, and the cut end of the ^ as 
deferens is put into a small dish which is to receive the sperm. Usmg a me nun 
point forceps, the epididy'mis is now massaged with increasing pressuie touar 
the vas deferens. If this is done properly', ribbons of spermatozoa wh be seen 
to exude from the distal end of the vas deferens. When sufficient 
have been removed from tlie epididymis, the massaging is continued a 
vas deferens so as to force the remaining spermatozoa from it. Both epi i 
mides are treated in a similar manner, the result being a viscid mass^o ' 
packed spermatozoa. To this sperm mass is added 0.2 c.c. of Locke s so u 
which has been kept at 12° C. in a refrigerator. The suspension is then ra^^^ 
into a tuberculin sy’ringe to which has been attached a No. 21 hypodeimic 
The point of the needle has been ground down so as to present a blun , 
surface which will not injure the cervical canals. Care should be ta ven 
a thick, viscid suspension of spermatozoa for each insemination. 

Just prior to insemination the female is lightly' anesthetized 
During insemination the anesthetized animal is held by the base o 
with its back resting on the edge of an ordinary laboratory ^ vagina, 

speculum of 5 mm. diameter at its smallest bore is placed deep into 
By' the use of a physician 's reflecting mirror, the cervix may be il 
observed directly. The hy'podermic needle is inserted into eaci eciMC 
and one-half of the sperm suspension is injected into each horn. ^ ^qerinc 
In order to be certain that the sperm suspension will remain m ^ 
horns after insemination and not flow back into the vagina, folloivin? 

are inseminated near or after the end of heat, a plug is made m ^ 
manner; A seminal vesicle with its associated coagulating g an is 
base and quiddy brought to a flat, glass surface. The secretion the 

the seminal vesicle by stroking the gland with a probe. I e 



BLANDAU'JORDAN : ARTinCLVIi INSEMINATION OF WHITE RAT 


1363 


coagulating gland must be expressed separately from that of the seminal vesicle, 
because if mixing of the two secretions occin*s, coagulation immediately takes 
place. After the female has been inseminated, and while she is still under 
anesthesia, a small cotton plug is dipped, first, into the secretion of the seminal 
vesicle, then into the secretion of the coagulating gland. The plug is immedi- 
ately transferred to the vagina through an ear speculum and pressed against the 
cervix. If done properly, the plug will simulate the vaginal plug formed during 
normal copulation and will aid in the retention of the spermatozoa in the 
uterine horns. 

The percentage of impregnations from animals artificially inseminated 
(luring heat by this technique is as high as in animals which have been allowed 
to copulate normally. By use of this method, inseminations may be made at 
any time of the reproductive cycle wlicn the female would otherwise not 
copulate. 
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A STUDY OP THE BLOOD CELLS OP NORIMAL GUINEA PIGS* 


B. S. King, M.D., P.A.C.P., and jMargaret Lucas, A.B., ]\I.T. 
Wake Forest, N. 0. 


P reparatory to an expeinment in which wc were very much interested, 
it became necessary to know the normal blood cell picture of guinea pigs. 
This information was necessary before we could recognize any abnormal cliange 
that might occur in the blood during the course of the experiment. WeAvroteto 
tAvo or three publishing companies for boolrs or references describing the anatomy 
and physiology of these animals, but without any success. We u’ere, of course, 
interested primarily in the cellular constituency of the blood. In the search 
for such information we found one author^ Avho names Avith percentages the nor- 
mal cellular elements of the blood of these animals, along Avith several other 
laboratory animals. Not being content, Ave set out to make daily blood exam- 
inations of a group of normal guinea pigs in order to establish an average nor- 
mal. Our results are as shown below. 


PROCEDURE 

We obtained^ nine normal full-grown guinea pigs (ages unknoAAm). They 
were held under quarantine for several days to rule out the presence o any 
disease and to accustom them to neAv surroundings. They Avere kept m e e® 
cages in a Avell-lighted and Avell-A''entilated room, and fed a full-balance m 
A part of the diet consisted Purina complete rabbit chow. This Avas reui or 
Avith lettuce, cabbage, carrots, etc. , 

Examination of the blood was made daily for eighteen to tAventy-one 
Blood was collected from the margin of the ears by making a small skm 
Avhich alloAved free bleeding. Each examination consisted of a re an a 
blood cell count and a differential. We did not do any hemoglobin ^ e e 
tions. Counts and smears Avere done in the usual Avay. Calculations 
Avere used to arrive at an average normal Avere as f oIIoavs ; An aveiaaG 
eighteen to tAventy-one daily examinations for each animal Avas 
from these averages the average for the nine guinea pigs Avas 


RESULTS ^ 

Our study revealed that there Avas a rather Avide variation in the 
and differential counts in some animals from day to day. 
not a great many counts that were conspicuously far aAvay from m g],g^vccl 
ing range. The daily count of the red corpuscles, on the othei ^ m 
little variation and stayed AAithin a rather narrow range. As ° ^ jn- 

white cells, there Avas moderate variation from day to day', an j^arked 
stances a marked variation from the previous day. In these ins anc 

■■ - - — ■ ^ ^ ^ ■p’ot'sst 

•From the Department of Bacteriology, School of Medicine, a 
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variation, the succeeding counts did not show a return to the previous count, 
but continued to fluctuate. We noted nothing o£ any unusual size or shape of 
the cells. 

Our conclusions were that the nentrophiles showed a range of from zero to 
76 per cent, with an average of 31.1 per cent; the lymphocytes a range of from 
20 to 97 per cent, with an average of 63.1 per cent ; the monocytes ranged from 
zero to 10 per cent, with an average of 1.8 per cent ; the eosinophiles ranged from 
zero to 14 per cent, with an average of 3.5 per cent ; and the basophiles ranged 
from zero to 2 per cent, with an average of 0.19 per cent. The results of this 
study are summarized in Table I. 


Table 1* 


ANIMAL 

Nl’JfBER 

R.B.C. 

■W.B.C. 

NEUTRO- 

PHILES 

(PER 

CENT) 

LYJXPiro* 

CYTES 

(PER 

CENT) 

MONO- 

CYTES 

(RANGE 

AND 

PER CENT) 

Eosmo* 
PIllLES 
(range 
and per 

CENT) 

BASO- 
PHILES 
(RANGE 
AND PER 
CENT) 

1 

5,228,095 

20,345 

28.G 


0 to 10 

0 to 13 

0 to 2 






2.4 

5.0 

0.2 

2 

5,044,280 

14,214 

31.4 

05.5 

0 to 8 

0 to 4 

0 to 2 






1.8 

1.0 

0.1 

3 

5,033,805 

13,031 

32.9 

01.2 

0 to .3 

0 to 11 

0 to 2 






0.8 

4.7 

0.2 


4,789,702 

17,207 

37.0 

59 8 

0 to 6 

0 to 2 

0 to 2 






2.3 

0.5 

0.2 


4,941,429 

13,227 

18.0 

79.G 

0 to G 

0 to 3 

0 






1.5 

0.7 

0 


5,114,702 

23,750 

33.7 

00.3 

0 to 6 

0 to 8 

0 to 2 






1.6 

3.9 

0.3 


5,257,619 

17,380 

30,9 

60.1 

0 to 8 

0 to 14 

0 to 2 






1.9 

6.8 

0.2 


5,095,733 

17,294 

3C.1 

57.7 

0 to 7 

0 to 12 

0 to 2 






2.0 

3.2 

0.3 


5,079,231 

20,072 

31.C 

00.7 

0 to 5 

0 to 12 

0 to 1 

. 





1.0 

0.0 

0.04 


[5,003,970 

17,305 

31.1 

03.1 

1 . 8 % 

3 . 5 % 

0.19% 


^rurea are averages of the twenty-one dally counts of each animal 
e bottom horizontal line of agurcs Is the average count of the nine animals. 


SUSBIARY 

1- Blood examinations were made daily of nine healthy guinea pigs for 
'■“•u eigiiteen to twenty-one days. 

■ The animals were fed a full-balanced diet during the period of in- 
'“'igation. 

to wide variation in the white blood cell count was noted from day 

Jloderatc to marked variation was seen in the different types of white 


Wood 

tango. 


cells. The red blood cell count remained rather fixed within a narrow 


tiverages found were: red blood cells 5,063,970, white blood 
•Spte 31.1 per cent, lymphocytes 63.1 per cent, monocytes 


cent, eosinophiles 3.5 per cent, and basophiles 0.19 per cent. 


" l^tacke^ a. 


■■ Ksofli 


♦^clphia. 


find Garver, H. E.: 


J- B. Lippincott Co. 


' -ti- iu, Norriato\vn, Pa. 
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CHEMICAL 


prothrombin 


estimation using RUSSELL VIPER VENOM* 


I. Simple Modification op Quick’s Method 


Robert C. Page 


, J\LD., New York, N. Y., and Hollis K. Russell, JI.E, 
■White Plains, N. Y. 


ermination of tlie pi’othrombin coagulation time in eiinicai practice 
i'nportaiiee as knowledge of vitamin K deficiencies 
tn Hip 1 ^ P^ othiombiu estimation tests, in order to be of greatest service 

e inician must be easj^ to perform, and tiieir interpretation must be simple, 
vjmi+i ^ determining prothrombin time in general use (Quick, 1938; 

Poncher, 1940) employ thromboplastin pre- 
<?n Hi + issue extract. Such extracts vaiy in potency and readily deteriorate, 
fp ^ necessary frequently to check them against extracts of knomi j)o- 
nej . lese factors lessen the efficiency and accuracy of the test and make it 

p ^ j, ^ smaller clinical pathologic laboratories to use it to the 

tullest advantage. 


In Older to simplify the prothrombin estimation test, methods that do not 
emp oy tissue extracts have been developed, such as the modified Howell’s method 
ot prothrombin (Cheney), in which oxalated ])lasma is added to four tubes 
containing increasing amounts of calcium chloride (0.4 to 2 mg.), the shortest 
ime of clot formation being taken as the coagulation time of the plasma. 

simple modification of Quick’s method has been reported by Fullerton, 
who used Russell viper venom instead of tissue extract. Russell viper venom 
possesses the following advantages: (1) it is constant in potency, (2) it is i» 
a c ear solution, and (3) it permits more easily the observation of the end point 
0 the foimation of a fibrin web during tlie performance of the test than does the 
use of a millQ^ tissue extract. 

The following study was carried out because of these apparent advantages 
and in order to compare the prothrombin coagulation times on the blood of the 
same patients using the two methods. 


I methods 

Blood of normal individuals, of patients in a general hospital popnJatioai 
and of patients attending outpatient clinics was used. 

Four and a half cubic centimeters of venous blood were mixed with 10 nig. 
of potassium oxalate, centrifuged, and the oxalated plasma was obtained. 

*Prom tlie Department of Pathology, St. Agnes Hospital, White plains. 
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Two tests Avei'e pcvfonncAl on cacli sample oi plasma ; 

(1) Quick’s (1938) method of prothrombin coagulation; 

0.1 c.e. of oxalated plasma 

0.1 c.c. of thromboplastin solution (rabbit brain)*' 

0.1 c.c. of ealcium chloride solution 

The time as determined ivith a stop watch from the addition of the calcium 
to the formation of a fibrin web was considered to be the prothrombin coagulation 
time. 


Comparison of Protfiroiabin Coagulation Time be- 
tujeen Quick's Method and Modified QuicKsMe' 
Ihod Using Russell's Viper Venom 

czna-Quics's MtTrtOD ■•t-rwointD autcits mcthod 



Time in Seconds 


E'E. 1. -Prothronibln estimation using Russell viper venom and tissue extract. 


1 edified Quick’s method with Rnssell riper venom: 

0.2 c.c. of oxalated plasma 

9.2 c.c. of Russell viper venom (1 :10,000) solutiont 
0.2 c.c. of calcium chloride solution (1.11 per cent calcium chloride) 
® "ne from addition of the calcium chloride to the formation of a fibrin web 


'“t taken 


Ks the prothrombin coagulation time. 


■'"V. ditterent hatches or thromboplastin were used In order to lessen the margin of 

nJ»'.^jfeii.'Yh'f;,>>rana Bussell viper venom lor this study was suppUed bs; Burroushs Wellcome 
“’'"aHiiv a of 0.1 nig. and 0.5 mg., with 1 c.c. and 5 c.c. of diluent, respectively, 

i. 10,000 solution -when diluted. 
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RESULTS OF STUDY 


Using two methods, prothrombin coagulation tests were performed on blood 
from 71 individuals. The results in graphic form with the diagnoses are given 
in Pigs. 1 and 2. The prothrombin coagulation time, with Quick’s method aver- 
aged 25.0 seconds, while that of the modified test with Russell viper venom aver- 
aged 24.7 seconds. 




N. 

Pernicious ANcMl^ 
N. 

FtRNlUOUsAnEMlN 

9 mo Pmcnnnt 

9 mo. 

3 mo. 

4 mo. 

N. 

4 mo.PRCCNNNT 

M. 

6 mo PrecmaNT 
Cardiac Fahum: 

N. 

N. • 

7mo Prcchwit 

N 

9it 10 pRtCNANT 

7 mo. 

6roo 

Post- partuh 

N 

9 mo Pregnant 
Post- eartum 

Carcinoma Liver 
Cardiac Faiiure 
Post - partum 

Chronic Ulcerative Colitis 
Cardiac Failurel 

N.C?) 

Cirrhosis 

N.(?) 

5 -mo. Preohant 
Pancreatitis 
F’ost- I'ARTUM 


10 20 30 40 

Time in Seconds 
Fi&. 2 . — Prothrombin drEI mn tioTi 








The greatest variation between the two tests was found in the g g 

essentially normal individual; by Quick’s method the prothrombin 
seconds longer than by the modified test with venom. In only six cases 
variation between the two tests more than three seconds. ^ 

Statistical evaluation (using the “t” formula of Fisher and 
results of the two tests gives a value of 1.638, which indicates that 
ference between the two tests is not significant. The prothrombin eo 
times, as determined by these two metkods, differed so slightly tha oi < 
tical purposes the results obtained may be assumed to be identica . 
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For the purpose of this study it was considered that prothrombin time over 
Ihirty seconds was abnormal. In cases with a prothrombin time of less than 
30 seconds it ivas found timt when Russell viper venom was used, the average 
time of appearance of the fibrin web was 22.9 seconds. Tliis figure closely checks 
with the average time of 21.7 seconds, as reported by Fullerton. 

DISCUSSION 

A modified Quick’s method, using Russell viper venom instead of tissue 
extract, has been compared with the regularly used Quick's method for deter- 
mination of prothrombin coagulation time. Comparison of tissue extract and 
Eiissell viper venom is shown in Table I. 


Table I 



TISSUE EXTHACT 

nrSSF.LL Vll’ER VENOM 

PrepaiatioQ 

Usually prepared from brain tis- 
sue (rabbit, etc.) by laboratorj 
in ^^hicll it is to be used 

Dried, sterilized, and packed in 
sealed \ials 

Stanrlardization 

Must be compared with extracts 
of known potency or by testing 
on plasma of known normal pro- 
thrombin content. DifficuU to 
obtain extracts of constant po 
tenoy 

Standardized by comparing with 
a sample of knoun potency on 
fowl and horse plasma* 

Deterioration 

Gradually loses potency 

Helatively stable in dry form; in 
solution it is stable for one 
month when kept in refrigerator 
and well-stoppered 

tail point of testj 
formation of fibrin 
veb 

Makes it difficult to determine be- 

cause milky appearance of tissue 
extract obscures early recogni- 

tion of fibrin web 

Clear solution enables determina- 
tion of fibrin web to be seen 
easily 


*InIormation supplied bj" manufacturer. 

Included in tlie study were seven post-partnm patients within ten days of 
idhcry. Their average prothrombin coagulation time was thirty-two seconds, 
nhieh may be considered a borderline prothrombin deficiency. This may have 
wm due to one or both of txvo factors, namely, loss of blood at time of parturi- 
tion or a low-grade v-itamin K deficiency. It is wortliy of note that every one 
® the post-partiim patients had a prothrombin time well prolonged above that 
the average (22.9 seconds). 

Eleven of the 71 patients studied had prothrombin coagulation times over 
™ty seconds. Included in this group were two essentially normal females, 
patient five months pregnant, one patient with cardiac failure, one patient 
ait cirrhosis of the liver, one patient Avith chronic ulcerative colitis, one patient 
a* hanereatitis, and four post-partum patients that were still hospitalized, 
ilussell viper venom is available as a standardized preparation. It simplifies 
! h'rformance of prothrombin coagulation tests and readings of the end 
“®t of fibrin web formation are easier than when tissue e.xtracts of variable 
""'way are used. 

CONCLUSIONS 

Qij. ^‘■“tbromhin coagulation tests xvere performed on 71 patients with 
s method and a modified Quick’s method using Russell viper venom. 
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2. The time differences between the two tests were found to be very small 
and were not statistically significant, 

3. The nse of Russell viper venom made the performance of the test and 
the accurate reading of the end point of formation of fibrin web simpler than 
when tissue extract was used. 
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A NEW METHOD FOR DETERMINING SPECIFIC GRAVITY OF 
BLOOD AND BODY FLUIDS'^' 


Francis Foldes, M.D., Budapest, Hungary 


r^OR the determination of the specific gravity of blood the exact metliod of 
pyknoinetry can be employed, but on account of its convenience, Ham- 
mei’sehlag s method^ is often used instead in clinical practice. The specific 
gravity of colorless body fluids is usually determined by refraetometry, based 
on protein content. Herein is discussed a very accurate method which permits 
determination of the specific gravity of blood or other bodj' fluids by makhri 
use of a small quantity (one to two drops) of blood, exudate, transudate, etc. 

In Hammersehlag’s method a mixture of ehloroform and benzene is employed, 
the specific gravity of which approximates the expected specific gravity of tiic 
blood to be examined. Into this mixture one drop of blood is dropped; if 't 
sinks to the bottom of the vessel, chloroform is added; if it floats on the surface, 
benzene is added, stirring the whole time, till the drop keeps floating in 
middle of the mixture. This indicates that the specific gravity of the blood oiu 
mixture is equal. At tliis concentration the specific gravity of the mixfuic 
and hence of the blood is determined by an areometer. 

The new method is a simplification of the Hammerseblag method is 
carried out by adding one drop of the liquid to be examined (for simplicif' s 
sake blood will be taken as an example), to a mixture of clfloroform and benzene 
contained within a previously calibrated vessel. If the drop of blood sinks to 
the bottom, chloroform is added ; if it floats on the surface, benzene is adtk , 
continuously stirring, till the drop floats at the center of the mixture- D'c 
specific gravity can then be directly read off from the graduations on the ncc 
of the vessel. 


•From the Jevvish Hospital, Budapest. 
Received for publication, January 25, 1940 . 
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Tlie vessel (Pig. 1) of the blood gi-avimeter consists of a globe-shaped body 
and a long slender neck, closed by a glass stopper. Its volume up to the first 
mark is equal to 25 c.e., or a multiple of this (piantity, and is marked “50.” 
Assuming that the gravimeter is filled up to this mark by a chloroform-benzene 
mhture of a specific gravity 1.050 and a volume of 25 c.e., it follows by the 
equation 25 x 1.050 + 1.476.Y = 1.055 x (25 -i- x) that 0.297 c.e. of chloroform 
has to he added to raise the specific gravity to 1.055. Similar calculation dis- 
closes the quantity of chloroform necessary to increase the specific gravity to 
1.060, 1.065 .... 1.090. The values calculated arc as follows : 


SPECIFIC GRAVITY 

(’OURESPONDING VOLUME 

1.050 

25.000 

1.055 

25.297 

l.OGO 

25.001 

1.0C5 

25.912 

1.070 

20.231 

1.075 

26.558 

1.080 

20.893 

1.085 

27.237 

1.090 

27.590 

By the equation 25 x 1.050 + 0.884y 

= 1.045 X (25 -f y) it is possible to 

calculate the amount of beuzone to be added to the 25 c.c. of originally l.OoO mix- 

ture.that the latter may decrease to the specific gravity of 1.045, 1.040 .... 1.030, 
The values calculated are as follows : 



1.030 

23.000 

1.045 

25.770 

1.040 

20.002 

1.035 

27.484 

1.030 

28.425 


The calibration of the blood gravimeter is estimated by using the data of 
the two columns above. On the one side of the nccic of the vessel those volumes 
marked which correspond to that amount of chloroform which, when added 
t« the mixture with the original .specific gravity of 1.050, increases this up to 
'■055, 1.060 .... 1.090, respectively. On the other side, tliosc volumes are marked, 
'terresponding to which such amounts of benzene have been added that the 
™>!;inal specific gravitv of the mixture is decreased to 1.045, 1.040 .... 1.030. It 
of advantage to mark instead of the volumes themselves, the corresponding 
specific gravity values. If the distance between two of the marks is subdivided 
'“to five equal parts, differences of one degree of specific gravity can be deter- 
niined. 

The calibrated gravimeter is used as follows; The vessel is filled up to the 
0 mark with a chloroform-benzene mixture of 1.050 specific gravity." The tip 
“ finger is cleansed and pierced, and one or two drops of blood are sucked 
? “ ttiin pipette. After the tip of the pipette has been cleaned, one drop 

nood is dropped into the mixture. If the specific gravity exceeds 1.050, the 
-_^'nks to the bottom. AVhile cautiously rotating the closed vessel, ohloro- 


'72 c c. of benzene are i 
*^6 of 1.050 specific gravity. 
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foi'm is added in small quantities till the dron nf hinn/i 

the mixture contained in the globular nart of the vpci i ^ 

.he spedhe i. ™ad a. t to la « Sr? 



Allowing that the specific gravity of chloroform and benzene used for 
the determination is taken at 20° 0., and that the coefficient of the tliennsl 
expansion of hotli-- ^ is equal to 0.001, the temperature of the mixture has to he 
etei'mined after use and has to be corrected accordinglju This is done by si'h 
ti acting as many' points of the specific gravity' determined as are above 20, 
supposing that the temperature has been found to exceed 20° C. Contraihvise, 
as many points are added as the tempei’atni'e has been found to be below ' 
Tlje method is also suitable for determining the specific gravity' of 
body' fluids. Considering tlmt the specific gravity' of body' fluids is foi 1 
most part below 1.050, another gravimeter (see Fig. 2) has to be 
wdiich permits the reading of specific gi'avity values between 1.029 and 1- • 

As a starting point a chloz’ofowji-benzene mixture of 1.014 specific gravity is sni 
able, since it is easy to procure 25 c.c. of it, by mixing 5,5 c.e. of chloroform 
and 19.5 c.c. of benzene as indicated by the equation 1.476x + 0.884 x (1 - ^ 

1.014. 
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By the equation 25 x 1.014 + 1.476x = 1.019 x (25 + x) the amount of chloro- 
form iieces-sary to add to the mixture to arrive at a specific gravity of 1.019, 
1.024 .... 1.029 is calculated. The values arc as follows : 


SPECIFIC GRAVITY 

CORKESPOXDIXf. VtJJfME 

1.014 

25.000 

1.019 

25.263 

1.024 

25.543 

1.029 

25.829 

By the equation Sh x 1.014 + 0.884y 

= 1.009 X (2.') + y) tile amount of lien- 

zfiic can lie calculated by the addition of 

which the spooifie gi’avity of tlic suhse- 

Huent mixtures can be regulated at 1.009 and 1,004. Tlie values calculated arc 

as follows : 


SPECIFIC GRAVITY 

CORRESrOXDIXG VOLUME 

1.014 

25.000 

1.009 

20.000 

1.004 

27.083 


Allowing that the specific gravity of the body fluids, which may have to 
he determined, varies l)ctwcGn the values of 1.004 and 1.090, two scimrate cali- 
brated vessels of which the one is graduated from 1.004 to 1.029 and the other 
from 1.030 to 1.090 suffice for determining the specific gravity of body fluids 
encountered in clinical practice. 

The figures obtained by the blood gravimeter were controlled several time.s 
by comparing them with the values obtained by pyknometry. The difference 
loimd never exceeded one to two points. 


SUMMARY 

A new method suitable for simple and reliable determination of the specific 
gravity of blood and body fluids has been described. Altliongh differing only 
slightly from tlic results obtained by pyknometry, this method is simple and 
to use, and is e.specially valuable for making estimations in a large number 
of case.s. The simplicity of the method permits its use by the cliuieiaii at the 
0 side. One to two drops of the substance to be examined arc sufficient. Bo- 
sme.s the previously calibrated gravimeter, only chloroform, benzene, and a ther- 
mometer are necessary to practice it. The low cost of the method is a further 
j Besides its clinical application the method is sufficiently reliable 

?. ^ for comparative investigations of the change of specific gi’a%’ity in 
i^erent types of disease and may, therefore, be used with advantage for scien- 
purposes also. 
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A NOTE ON THE VISSCHER-BOWMAN CHEMICAL TEST 
FOR PREGNANCY 


Henry G. Hadley, M.I)., Washington, D. C. 


T he Visscher-Bowman test' was thouglit by some to be of value in the diagno- 
sis of early pregnancy.' It is performed liy adding one drop of 1 per cent 
hydrogen peroxide, five drops of 1 per cent phenylhydrazine hydroeliloi'ide, 
five drops of 5 per cent methjdcyanide, and five drops of concentrated hydro- 
chloric acid to 1 c.c. of nrine, then heating in a water bath for twenty-fiie 
minutes. A flocculent brovniish-red precipitate is indicative of a positive reac- 
tion. 


Sheehan^ decided that the effect of hydrochloric acid with heat was re- 
sponsible for the positive reaction and found tliat over 60 per cent of male 
nrine gave positive results. These results agree with Krieger,® who consideie 
the reaction due to nonspecific reducing substances and not to the hormones o 
the anterior lobe of the pituitary. These nonspecific substances appeare to ^ e 
reducing carbohydrates, particularly in the presence of albumin, urinai’y pig 
ments, and other reducing substances, especially if concentrated. 

The urines of 232 persons were tested, 35 being urines of pregnanej an 
the remaining being urines of 77 males and 120 nonpregnant fema es. 
results shoived that there were as many positive reactions in the ma 
females. About 75 per cent of the total group were positive. 
test does not show the presence of hormone nor is it a specific test for 
The length of time of boiling was not found to influence greatly t le res^ j 
except that where the boiling was continued longer, a greater percen^a,, 
positive reactions was obtained in both males and females. Appai e^^J 
reaction was produced by nonspecific substances ’in the urine, as a gie^ 
centage of positive results were obtained from normal urine and rom 
of persons with diabetes by adding solutions of dextrose. 


CONCLUSION 

This test appears to be of no value because nearly as manj p,c 

were obtained from tlie urines of males and nonpregnant fema es as 
urines of pregnant females. 
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A SIMPLE AND INEXPENSIVE JIICROTITRATION APPARATUS' 


Especially Useful for Titrating Culture Media 


E. S. King, JI.D., F.A.C.P., and L. h. Chastain, il.S., Wake Forest, N. C. 


T he n6ed for a simple, yet accurate and convenient, apparatus for titrating 
culture media resulted in our design. It is especially useful for making the 
titration necessary for the adjustment of the reaction of culture media by the 
colorimetric method, although it may be used for any titration where small 
amounts of exact alkali or acid are required. It is equally useful also in the 
adjustment of the reaction of culture media by the Fuller method. 



FIB. 1. 


The apparatus consists of an ordinary ring stand, two clamps, a 1 c.c. pipette 
m hundredths, a 2 c.c. hypodermic syringe, and a short piece of 
“her tubing. The pipette (A) is held in a vertical position hy an ordinary 
urette clamp. The pipette is connected by rubber tubing to the sj'ringe (5) 
m a horizontal position in a simply constructed wooden block (C) by a 
i!^hurette clamp. The wooden holder for the syringe is a split block of wood 

''•MJeKirtmcnts of BacterloloBr ani Physiolosy. School ot Mciiical Sciomes, Wahe 
pfir. Forest. 

eived for publication, May 2. 1940. 
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through which a hole, just large enough to accommodate the harrel, has hm\ 
bored. The two portions of the split block are held together by bolts ivitli wing 
nuts. A square of tin to which a nut has been soldered is tacked across one end 
of the block; a long screw (D) is threaded through this nut and is fastened to 
the plunger of the syringe by one end of a small one-hole rubber stopper, to 
which it is glued, and into which the screw is threaded at the opposite end. The 
same arrangement may he made merely by sinking the nut through which screiv 
(D) passes into the block. The level of the fluid within the pipette is regnhtei 
by turning the screw (D) which forces the plunger in or out. A feature of some 
value is that the syringe is on the same level as the upper figures on the pipette; 
so that both are on the same level with the eyes when the instniment is being 
used. 

Our use' of the instrument has indicated that it has the distinct advantage 
of being more accurate than manipulation of the pipette by hand in the usual 
way, since the expulsion of fluid from the pipette is always under positive and 
complete control. If necessary, a fraction of a drop may be used with ease, a 
tiling which is rather difficult without this control. 

The apparatus may be eonsti-ucted at a very moderate cost. A ring stand 
ma3' be purchased for 45 cents, clamps for 35 cents each, syringe for $1.25, and 
the pipette for 25 cents. The wooden block can be made in the shop in a few 
minutes at almost no cost. The total cost would be approximately $2.65. 


A SIMPLE ABSORPTION BULB FOR USB WITH AN 

SYRINGE IN DETERMINING OXYGEN OF THE AIR 
IN AN OXYGEN TENT" 


Frederic E. Holmes, Cincinn.wi, Ohio 


f TSUALLY it is not necessarv to determine the oxygen 


content of the at- 


mosphere of the oxygen tent with the precision attainable with t le 
refined gas analj'sis apparatus. Numerous simple forms of appara us 
come into use. Henderson and Greenberg^ employed an ordinary 
simple accessories. The reagent for the absorption of oxygen was a so u 
taining sodium hj^drosulfite, wbieli was draum into the syringe after 
ment of the volume of the sample. Hoechstetter- used an apparatus 
similar in principle, consisting of two syringes, the lower one of lyia 
copper screen and a solution of ammonia and ammonium chlori e. 
these demees, the volume of the sample was measured at a pressure e^ 
upon the weight of either the harrel of the syringe and its g .^v8S 

plunger. After absorption of oxygen the volume of the resi im 
measured supposedly under the same pressure. However, m pi a 

Henderson’s apparatus, we found it difficult to eliminate entne3 s 

of pcaist"'^" 


*From the Children’s Hospital Research FounSalion awl the Departm 
College of Xlcdicine. 'Oniversitj- of Cincinnati. 
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the plunger, and since there "was no way of measuring the pressure of the gas 
in the syringe, we were never certain that we had obtained the same pressure for 
both readings. While it might he possible to select a syringe free of any tendency 
to stick, it is obviously advantageous to be able to use any syringe that happens 
to be at hand. By means of the manometer fused to the absorption bulb shown 
in Fig. 1., the operator is enabled to bring the residual gas to the same pressure 
as the original sample, despite any resistance that is likely to occur. 



FiS 1. 


The apparatus consists of an ordinary syringe, preferably of 10 c c. capacity, 
absorption bulb of about 60 c.c. capacity, and a manometer with an expansion 
bnlb as sho^ra. The sizes of parts may be obtained by reference to the ac- 
*!onipanying scale, but these dimensions are not critical. The small tubing con- 
stituting the manometer proper extends to a point above the top of the stopper 
the absorption bulb. This one-hole rubber stopper and the solid stopper 
the top of the manometer are indicated by diagonal shading. The neck of the 
absorption bulb is tapered to fit a 0 or 00 stopper, thus insuring a snug fit and 
^ mininiuni change in volume due to distortion of the stopper in inserting the 
*P of the syringe. The apparatus is supported in a hole in a wooden block. 

To prepare the bulb for use, light copper turnings are stuffed into it through 
6 neck, and the solution is poured onto the turnings until it reaches the level 
j bottom of the stopper. The stopper is then inserted, and a small piece of 
Kbss.rod is used to plug the hole. Any excess solution may be rinsed off from 
outside of stopper or bulb. The copper turnings should fill the bulb, but 
not be packed tight enough to impede displacement of all gas bubbles by 
■‘solution after absorption. The solution is made according to Badger" by 
nrating a mixture of one part of concentrated ammonium hydroxide and two 
of ^vater with ammonium chloride, men the apparatus is not in use, tlie 
P of the manometer is closed by a solid rubber stopper to prevent slow ab- 
Ttion of oxygen from the air. This stopper is removed during analyses. 
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A determination is made in the following manner ; A representative sample 
of more than 10 c.c. is obtained in the syringe. The plunger is bronght to the 
10 e.c. mark and held rigidly in this position while the tip of the syringe is 
inserted into the hole in the stopper and while the level of liquid in the 
manometer is marked by a glass-marking pencil or by a small clamp placed on 
the manometer. The plunger is then pushed down slowly until the sample has 
been forced into the bulb ; it is held there for a few seconds, and then it is lifted 
until the liquid in the bulb touches the bottom of the stopper. This operation is 
repeated until the volume of the residual gas is constant. Usually four transfers 
of the sample into and out of the bulb are enough. The plunger is finally raised 
(or lowered) until the liquid in the manometer has been brought back to the 
original mark, and the volume of the residual gas is read on the graduations on 
the syringe. The difference between the initial reading (10 c.c.) and this final 
reading represents the volume of oxygen absorbed. 

Theoretically, there should be some error due to the absorption of oxygen 
from the lumen of the tip of the syringe and from any small bubble that maj 
be present in the hole of the stopper, but actually this error is too small to de- 
tect. An expected error due to change in level of the liquid when the tip of the 
s;\Tinge is pushed into the stopper is also too small to be detected. Usuallj no 
error is introduced bj’- a rather large bubble below the stopper because it con- 
sists of inert residual gas from which the oxygen has been absorbed. Determina- 
tion of the oxygen in air or in knowm mixtures of air and pure oxygen are usn 
allj'' accurate to within 1 or 2 per cent of the total volume of the sample. 

Although the open manometer is less compact and offers less than comp e e 
protection of the solution from contact with the outside air, it is supeHoi o^a 
closed manometer in ease of manipulation and in freedom from the e ec s o 
changes in temperature. _ . 

A satisfactory clamp for marking the position of the meniscus m 
manometer at the time of the first reading may be made by opening out a 
clip until it can be placed over the glass tubing, and then bending the on„ 
around the tube to prevent its slipping off. 
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A SISIPUFIED DETERIMINATION OF BLOOD PROTIIROJIBIN 
LE^TSLS IN THE NEWBORN* 


Carl P. Huber, jM.D., and Jack C. Shrader, ALD., iNDiANArons, Ind. 


n ECENT studies have aroused interest in the relationship of vitamin K to 

various hemorrhagic tendencies in the human being. In the adult these 
have been largely concerned with bleeding states in obstructive jaundice.^'^ In 
the newborn infant they have been concerned particularly with hemorrhagic 
disease. The importance of vitamin K in the establishment and maintenance 
of adequate prothrombin levels in the blood has been verified. 

Study of the prothrombin content of the blood of newborn infants has 
s own that considerable variability exists in the normal infant during the first 
wee of extrauterinc existence.'*'® In general, this is manifested as a drop in 
prot romhin level diu*ing the first few days of life followed by a return to at 
least the original level during the second week. 

Routine study of a large scries of infants has been complicated by the 
necessity of repeated venepuncture to obtain blood for study. Alore recently, 
f Kato^° have reported the use of capillary blood ob- 
ame by heel ptuicturo as giving satisfactory results. During the past nine 
inon hs ^ve have been using a modification of the Smith” bedside test as a simple 
ciniea method for evaluating the prothrombin factor in blood of the newborn. 


c-rnm. of thromboplastin extract are placed on a clean glass 
cuh^ . obtained from the infant to be tested by heel puncture. Twenty 
fer blood are drawn into a blood pipette and immediately trans- 

11 ) 13 ^ thromboplastin on the slide. A stop watch is started at 

blood and thromboplastin solution arc mixed, and the drop is 
point^ second with a stylus until a firm, fibrin strand adheres to the 

An interval in seconds is recorded as the prothrombin clotting time, 
tliro is run in the same manner using adult finger blood. The pro- 

hv ^ exprc.sscd in per cent of normal using the formula suggested 

■^ybrnith and co-workers: 
lioie of control 

Plotting time~^ nn]tnowii ^ “ clotting activity in per cent of normal. 

f'fst making the heel puncture which was found to give the 

tile follows ; The infant is cradled on the left arm while holding 

^fied hand. The heel is sponged with alcohol and 

^ knife blade the puncture is made slowly and 


on the posteromedial edge of the heel at a depth of approximately 


Department of Ob.stcti’ics. Indiana University Medical Center, Indianapolis, 
publication. August 3. 1940. 
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Ys inch. The left leg is then lowered into a dependent position, and a drop 
of blood immediafel5^ begins to fomi. The infant is replaced in the crib and 
blood is draivn into a pipette to the 20 c.mm. mark. Delay in oblaining Die 
blood and squeezing- tlie heel ivill shorten the prothrombin clotting time. A 
second determination cannot be made from the same bleeding point as the blood 
will alwaj'-s clot considerably quicker than the first drop obtained. 

The thromboplastin extract is prepared in tlie following manner: Fresh 
sheep or srvine lung is ground in a domestic meat grinder and placed in a 
large beaker. To this is added 1 c.c. of normal saline per gram of ground' 
lung. The lung-saline mixture is stored overnight in the refrigerator. It is 
then strained through a double laj-er of broadcloth. The saline extract is placed 
in small test tubes and seeurel}' eox’ked. These tubes are stored in the freezing 
compartment of a refrigerator wdiere the thromboplastin extract retains its 
potency for at least six weeks. When readj' for use, a tube is allowed to tliaiv 
and the extract is used at room temperature. 



RESULTS AND COMJIENT 

We recognize that with this method we are not obtaining an acemate 
mination of the prothrombin level of the blood, but rather a 
eral factors, iueluding particularly the amount and convertibility o 
bin. AVe feel that for practical purposes such a measure of the 
blood to clot in the presence of an excess of thromboplastin w’l m ' ‘ 
infants in whom a critical deficiency exists. „ 

Using this method we have routinely detemined the clotting 
series of 114 infants. The infants -were tested every other daj 1 

ten days of life, or for longer periods if they remained in the day 

illustrates in per cent of normal clotting activity the average e-ve 
of life in the total group of 114 infants. It will be noted that le 
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arc readied forty-eight to seventy-two horn's after birtli. By the end of the 
first week the average values are well within the normal range and seem to be 
maistained at that level, 

Coasiderable variation exists in individual infants as shomi in Chart 2. The 
four infants whose curves are illustrated were all full term, delivered without 
mcident, breathed spontaneously, and were breast fed. In reviewing our charts 
we find no evidence of consistent differences in the clotting activity of prema- 
ture and fiill-tei-m infants. We do, liowever, find suggestive evidence tliat there 
isa seasonal variation in the type of curve. In 10 infants delivered consecutively 
daring November, 1939, the average low reading was 45 per cent, wliile in 10 
infants delivered during Slarch, 1940, the average low reading was 12 per cent 
of normal clotting activity. This observation is not surprising in view of the 
probable differences in diet of tlie average patient during the summer and 
winter months. Fiirtlier study of this phase is lieing made. 




®ome curves illustrating the marked drop in clotting activity in the blood of 

Itir a'rl.iyi ^ prolonged low prothrombin level m an infant with a bleeding tendenej- shoe- 
P lesponse to a vitamin K preparation. 

. ^wo typical curves of a different type arc shown in Chart 3. The strik- 
drop on the third day is obvious. Both of those infants were normal, and 
"re was a rather prompt rctiinr of the prothrombin clotting time to normal. 
^ IS siiggcste,j that any nnusnal trauma to infants showing siicJi a curve might 
reil precipitate serious bleeding. This may he a factor in increasing cerebral 
“h'fy associated with difficult delivery or prolonged asphyxia, particularly 
ere an increase in the symptoms appears twenty -four to seventy -two hours 
j -ifter delivery. 

1 latamin K will correct this decrease in clotting activity and that, if 

^mstered early, it will prevent the drop is indicated by recent reports in the 
^ fraUtre,'. ! investigations in progre.ss on our service. In Chart 

irl^ ' l'>0 rapid rise to normal level of the clotting activity in an infant 

'^“''reideiit with the low levels found during the first five days of life, 
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passed bloody mucus from the bowel and vomited a blood-streaked material 
Therapy consisted of 1 mg. of 2 metliyl-1, 4-naphthoqiiinone (Squibb) in coni 
oil, given orally on the fifth and sixth days as shown. No further bleeding ap- 
peared after administration of this material. 

The apparent relationship of a low prothrombin content of the infant’s 
blood to hemorrhagic disease of the newborn, and very probably to other bleed- 
ing tendencies, indicates the desirability of an increasing number of observations 
of this relationship. This is particularly true in view of the reported efficacy 
of vitamin K in the therapy of these infants. It is with this thought in mind 
that we are presenting a simplified procedure for clinical evaluation of the pro- 
thrombin level. It can be readily performed without special laboratory facilities 
and does not require venepuncture on the infant. 


CONCLUSIONS 

1. A simplified procedure for the determination of prothrombin levels in 
the blood of the newborn infant is described. 

2. With this procedure a decrease in clotting activity is demonstrated an 
reaches a maximum the second and third days of the neonatal period. 

3. In the normal infant there is a spontaneous return to normal clotting 

activity by the beginning of the second week of life. _ 

4. A seasonal variation in the degree of prothrombin deficiency is snggestc . 
This appears to be most marked during the early spring. 
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ox THE MEASUREMENT OP EXTRACELLULAR FLUID VOLUME 
WITH THIOCYANATE AND BODY 3’^LUID ANALYSES 
IN 33 NORMAL INDIVIDUALS® 


•T. D. Stf.waut, ;M.D., axd ({. M. Rotjrke. B.A, 
Boston, Mass. 


TX 1934 Crandall and Anderson' reported results of studies on determination 
^ of body fluid availahle for solution of thiocyanate. They concluded that 
consistent results could he obtained in the same individual, and that -with 
qualifications the solvent measured could be considered extracellular fluid. 
The thiocyanate ion -when injected intravenously as sodium thiocyanate, or 
when taken by mouth as the sodium or potassium salt, diffused rapidly into 
water of plasma, red blood cells, transudates, and gastrointestinal secretions 
ijut not into cerebrospinal fluid. The thiocyanate was found to be excreted from 
the body quantitatively tlirough the urine. Tjavietes, Bourdillon, and Kling- 
lioffer' showed that thiocyanate, sucrose, and inorganic sulfate are distributed 
through approximately the same fraction of body fluid. This fraction was 
fotind to make up about 20 per cent of the weight of normal persons, and was 
considered as composed in all probability chiefly of extracellular fluid. These 
^vorkers discovered that thiocyanate becomes distributed in serum partly in 
hound form, and deWsed a formula to correct for consequent unequal distribu- 
tion in calculating extracellular fluid volume. Gregersen and Stewart® de- 
"fcloped a technique for simultaneous determination of plasma volume and ex- 
hacellular fluid volume, based on the spectrophotometrie determination of 
concentrations of the bine dye of Gregersen *s plasma volume method* and the 
thiocyanate of the extracellular fluid volume method. 

have used the thiocyanate method extensively for determining ex- 
tracellular fluid volume in normal subjects and in patients and animals Avith 
sturbanees in water balance. The present study deals with technique Ave noAV 
m making the determination, and reports illustrative normal A'alues. 


METHODS 

Reagent grade .sodium thiocyanate is dried at 100° C. until constant in 
^cioht. Fifty grams are Aveighed out, dissolved in 500 c.c. of distilled Avater, 
the solution is filtered. The filter paper and funnel are Avashed Avith 250 
750 distilled Avater. The solution, then having a volume of about 

c-e-, is sterilized by boiling in a liter, covered, volumetric flask for thirty 
cooling, the solution is made up to Amlume Avith sterile distilled 
The solution is put up in 25 c.c. quantities in sterile test tubes capped 

Surgical Laboratories of the Harvard Medical School at the Massachusetts 
c ved for publication, September 4, 1940. 
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with Davol baby bottle caps No. 150. Before using the solution, 25 c.c. arc 
given to a dog intravenously, and a precautionary bacteriologic cultiire of a 
sample is made to exclude chance contamination. The solution keeps several 
months without detex’ioration. On using it the solution must be perfectly clear. 



MINUTES 

Cliai’t 1. — Thiocyanate diffusion curves after intravenous injection in normal iniJiv 

structed from plasma concentrations^ 


For injecting the thiocyanate solution into a vein a calibrate 
20 c.c. syringe is used, the syringe and needle having been steiilize 
elaving. The syringe and needle are Avashed Avith three or four 2 c.c. qua 
of blood before AvitlidraAving the needle from the Amin. A vein in 
arm is used in taking samples after this injection, and five samp es ® 
of 5 c.c. each are taken, preferably at intervals of tenj tAventy, of 

and fifty minutes. In making the determination in adults as a rn c 
the 5 per cent solution are given. In children or in dogs, and ^ ^ ^ ^ 

Avhom the determination has pireAdotisly been made Avithin thiee aj , 
are injected. 

In samples of serum AvithdraAvn subsequently’^ thiocyanate or 

is measured in a colorimeter, using the method of Crandall an 
the spectrophotometrie method of Glregersen and SteAvavt.® Iii ci Pofore 
filtrate obtained after precipitation of serum protein must Je c 
producing color by addition of the ferric nitrate reagent. If 
been given Avithin a Aveek, a pre-sample must be taken an spcct™' 

concentration deducted in using the colorimetric technique. ^ guto- 

pliotometric measurement the thiocyanate content of the ,jensity 

matieally deducted, since the determination measures increase m o 
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ot the post-sample compared witli the pre-sample. AVe now use only the 
intravenous technique in giving sodium thioej'anate, since we have found the 
results much more consistent than with the oral method. In no case has evi- 
dence of toxic reaction to the injected sodium thiocyanate been observed. 
However, we never inject more than 20 c.c. of 5 per cent sodium thiocyanate 
at one time, and have not produced levels liighcr than 15 mg. per cent in the 
blood. 

CALCULATIONS 

An important point in technique relates to the diffusion curve which is 
constructed after the intravenous injection of sodium thiocyanate. For the 
first fifteen to twenty-five minutes the concentration in the blood serum falls 
rapidly. The curve then assumes a different form, and the subsequent gradual 
decline in serum concentration depends on urinary excretion. To get accurate 
results consistently we find it necessary to obtain enough samples of serum to 
plot the two components of the curve. The point at which the two components 
merge, indicated by the arrow in Chart 1, is then considered as the concen- 
tration in the serum after uniform diffusion in extracellular fluid has resulted. 
Kcsults may be quite variable if only a single reading is made thirty or forty 
ninutes after injection, for in abnormal conditions, such as deranged water 
Wanee and anesthesia, the second component of the curve, as well as the first, 
oay have a variable slope. This point is indicated in the series of curves shown 
ill Chart 1. 

In calculating fluid available for solution of thiocyanate, considered as 
txtracellular fluid plus water of red blood cells, we use the simple formula 
(formula A) ; 

^ ^ mg. SON given x 100 

mg. % concentration SON in serum 

Ills nneorreoted formula gives results of practical value, though it ignores 
considerations as partial binding of thiocyanate by serum protein and 
over concentration in red blood cells than in serum due to lower water eon- 
in cells. If plasma volume and hematocrit have been determined at the 
|oiue time as extracellular fluid volume, then the formula of Lavietes, Bourdil- 
and IQingholfer'' may be used (formula B) : 

(ini' SUM • Extracellular fluid volume = 

' — retained in body) - (cone, in serum x blood vol.) -f (scrum vol.) 

I (100/110) (cone, in serum) 

1 voi^ introduces too great an error if serum volume and whole blood 

! assumed to be constant fractions of body weight, particularly in 

Iliens of deranged hydration where the determination would be of 
j fjjj wterest. There is undoubtedly error also in computing whole blood 
Pisim ' plasma volume and hematocrit of venous blood, due to the higher 
a content of capillary blood resulting from axial streaming of corpuscles, 
•afi ^ presented data from 33 normal physicians and students, 

awaiting elective surgical procedures, studied in the resting post- 
i PUs® -A-verage values for the group are computed. A^alues for 

tolume* and extracellular fluid volume are expressed in cubic centi- 


Tabi,e 

Body Biuin JXvm Obtainee 


1386 


the JOHMAE OE LABOEATORT AHd cue, CAE IffiwcEj 


ci 'c c« n w M ^ -1 
coccccS?o:u:r 



°«CCN 


I-; o CC K « -1 a: _ E, y _ 


aaraoino KnaaS; 
Kaiaos K^iaas 


VKSVIJ 


JO Cl T- O o ec O o CO o 

S® S222^5^3o 

' 2 S 3 O r-f 

3 " 2; 2 s “ ^ S' s’ 2 sj 


3 2 S S 13 -t = -;■>.•: -C i-: 15 •- : 

og^pc-.SSdi'Sgggg-ggg 


(a va.iKHoa) 

'ai?Ano,v aiaaa 

avannajvaxxa 


C3 


11^ 


[JM C4 Cl r- S S 5 51 


'O 

JO 

CCJ 


w -ii w LO q q q ci w 'o'to -o cj o t- u-^T 

5 S S 3 S g § S;: § ^ ^ £• d‘ H 2 


S;3gSsg§,tSSs? 

iM M 0-1 Cl rA. cj cj Cl p Jj jj J; 


!!~o§§35j§J:J;ogi~ 

t' Ic- b- I- l:~ oo ,^- ,a 


('■ V'laivaoa) 
aicaaoA aima 
arumajvaixa 


1^ O O O O O 

j»~t 0.1 ^ 

C5 o -o' qo'cT 


$ o o -H 
O ^ cc CO o 
<qo o q^ci 
r-T fc" or e-T 


t 9 ‘-'i oc ^ y -5 ^ c; c ? r J 

CO CC t>- CC CO JC W CO i- t-* K -c 1-^ o 1- K jCn 5 

*-0 t-;. O CO CO M CO C c: C: O £C (T, — -*1 - J 

T-J q CO Cl T>- Is. 51 *0 f2 :c CJ 
q^q^iqq^cqco Jc o* o cc i'- c •?• -r ** ?’i c c ( 
o Cl OQ 0-1 cj oo’o cTcT c'cTcT cri-^x* sf c *-' 

r-^ t-i ^ 


[►2J ^] 

CO 




I ^ CO C\0 01 t'-s 
iq q oi JO -t o 

JO I'S.* CO JO* w 


M § S C § — S 2? S ® > 51 « 5: o: --: = = T.t 

J- S S =5 W Tt M r)- a> 1.5 •^■ 05 1- tt 1.5 .-; c-i-t. 

«> to 1^ CO 55 O O CO C3 t- oi K! !-• 1>. !,■ iC “ Co S O 1 - |a |.V , 


05 =■- 

^ CO O -f w Is* 
^ '-t Ol <M t- 


? 2 f'’ S S? bO CO CO r- M 51 55 r- C. 

CitOJOC»6Dh-i'^0»-i 

^T-ls.lClt-lrHr-ir-if-<r-(r-<f-'r-(r-CICl 


CC ?? j? »*?•?■ "• o s 

r- N *0 'C X O N ^ 0 
71«-'r^r-r-r'r-;}’“ 



\ . 

3K£noA aooaa 

=i'> 

V 

“ r 


1 

>■3 & 


. O O O O O C3 
-? CJ ^ S 

-q«ts.Sia 
o w Cl •f cTcT 


St^S^^^COOOOOCOCO ccccccccc 

3 S' ^ ir* ^ ^ ^ ^ ^ ^ ^ ^ t- ^ t*- X ?. X otj . 

22 ^ l3 15 25 ^ cT fc" f-T o' I— ‘cf r-i r-*' r-" 1 -“ H o' C ?« •■' 

^^"’^^^'““iWrKt-Jr-r-rlrlri ——— - • 


|q q ^ q q t.-- r-^ cm :£j 

ot ?c Cl Cl ec c-i cc cc c>i 


cc 


’ 9 '•'? 

; Cl« 


i9*-'^^^COCOrMQCOir5 
^ ts. CO c; CO w o 


c c r- 51 s* ^ '•! 
5i«t5t:5.5i;j 


•;IKniO.\ VKS^*7ti 


J-iy^oxvitaH 
V3UV aovauas,' 


L 9 S 9 ^ c; »o lo o o CO 

S S :t !2 o Cl § 5 

o o CO o 

I ^ JO *o JO CO i'‘2' I'C' 


CO 

00 


CO 

o 

'i* 


T-1 q q t-. rt JO -*’ i 
cc ci oi ci c? M ci c^' ci 5 


q Cl 10 c; Cl q cj JO K o t'; fii^ . • 

JO ci CO d JO I'C d 06 X X "53 il ^ i3 - 

coL'ct-i>-.r>.co^xi''tvxx i'-xx**x‘ 



:>u'^jor5C0'‘«ccccxc >• *2 .‘"i: -?».*'• 

r. t-H O Cl 1 - c w “t r- d- X ' 

'■1 t-^x C, to r— 10 -t* — X qq . 

f -jT -f’ -i''" id I.'f f" d c JO lO -!• L-; ‘O t r _ : 


Cl f- C'l JO -J' i>. {^5 

[x q q -j- iQ q ^ ^ ^ 

^ ^ 1^ T-4 1-X .a 


t" T-- f rc JO -J* 'f' c. JO — n £'5 3 !/ c -• ? 

10 JO JO 10 t'. c. JO JO q I- X w q L: o ‘^V’ ‘^’• 

r^r-ir^r‘-rMiMr-Jr--THT*^r'“r“ >f.* 


3 fee 
<y 


lob5wS2:rg~,'g^i :|; 


fC CO l>- t- r-< Cl 


'f' d d d ci ci d d d ‘O d c. 

•t'cCT*'rcfc»o?C'0‘'‘T'0'>0'*r 


<51* >-=5 =1=2 f^3;?r?i?2 ii 


oc !o Cl o cS S r:i ^ ^ »-! ci o c : x rc x c x w c - 1 " (c ‘2 

JO C'l y S ^ ^3 ii: ^ S P Cl X o I- JO o 10 •- c. JC fc J i*. tc 1 : 

t'- o I'- 1-- rc H JO r- 10 x^i- -t. *"- -.l-Jr,;- 

- 1 c'^ . . !M <M (M T-j ?c ec CI cd orcdcfcrcfd'crdci'ci Cl f5 ci^i***"-" 

.. 1^ 1^ ^ ^ 

X d -t cc d d d ci JO ^ Jr £2 I!! £' 2^ V ^ “ 


l- 51 « g C -5' 1.0 b- 115 CO t= o 




*iiryr3.u 


xas-aov 


•o g E: c: g a = = C-. t~ la 51 55 N -5 CO o t- =■. -c- 55 « 51 g g j; 51 <- g .r A? 

• • s . 9 , q t- CO T-j Ci c; I- X JO X rc 1.0 t«- JO 10 s-j 1-. I': ‘ . ^ . ' 

[rl r-i m rB r-( T- El 51 51 rH T-i 51 T-: i~: r-i !-■ r-' -C r-i r-‘ r-' r-i r- Hr-r-r--- 

li- 3 ft g g g g „ „ „ ^ ^ ^ O g O g g o = 5. 2g 2 

s -3 s g 5 g :£ g: g g g a' t; ..o g 55 g g s g i; o <g 51 g g g ^ 

SIS ^2221^1 

^ ci 10 Cl r? 2 S S 5i ^ ^ ^ S 5 ^ ^ S S' ci ? s 5 1^ ' 

— j.»«— -... 

JOlr-XC. Cr-'CirC'^jO^J.'^qjirJf^fJ" 
— r-^r-r*lCJ Cl Cl Cl 21 - 


CJ fc 


to JO 1— X Ci o r-< Cl CO ■ 








STEWART-ROURKE : MEASUREMENT OF EXTRACELLULAR FLUID VOLUJIE 1387 

meters and in relation to weight and surface area. Data headed extracellular 
fluid volume (formula A) are calculated by the original formula of Crandall 
and Anderson.^ In the column headed extracellular fluid volume (formula B), 
the formula of Lavietes and others is used, and the values are lower inasmuch 
as water of red blood cells is deducted. This difference is partially offset, 
however, by the correction the latter formula makes for binding of thiocyanate 
by serum protein. Hematocrit readings were made by adding 4 c.c. of blood 
to 1 c.c. of 1.1 per cent sodium oxalate solution and centrifuging in hematocrit 
tubes until no further change in the reading oecurrecl, precautions being taken 
against loss of carbon dioxide. Serum sodium was determined by the gravi- 
metric method of Butler and Tuthill,® serum chloride by the method of AVilson 
and Ball,® total nitrogen of plasma by the macro-Kjelclahl method.^ Oxygen 
capacity was determined, using heparinized venous blood drawn without stasis 
and equilibrated with room air at room temperature.® 

SUMMARY 

1. Modifications are described in the method of determining extracellular 
fluid volume by the thiocyanate technique. 

2. Body fluid analyses in 33 normal individuals arc reported. 
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MEDICAL ILLUSTRATION 


SHARPNESS CONSIDERATIONS IN MAKING SCIENTIFIC 

ILLUSTRATIONS'" 


Lloyd E. Varden, A.R.P.S., Binghamton, N. Y. 


N O ONE will doubt the value of sharp photographs when used for scientific 
purposes. The veiy reason for using photography in illustrating case 
records or investigations dictates that sharpness should be a prime requisite, 
because the oddity of many studies calls for photographic illustrations in order 
to convey properly the full meaning of the problems or disclosures at liand. 
There is no better way to present a neiv situation than by photographic naeans, 
but so often we find that pictures of immense value to the individual investigator 
are of no value to other workers and students. By this, I mean that an in- 
vestigator intimately concerned and entirely familiar with a given underta 'ing 
is able to see in a picture the real meaning it has in connection with some par- 
ticular point, while to a more or less neutral or uninformed worker the pic urc 
will not have the same significance unless it clearly depicts the situation un or 
observation. To do this the image must be sharp, and the sharper the etfei. 

Of course, there are several considerations to be taken into account v ic" 
attempting to achieve a high degree of perfection in photographic i us ra ii^^- 
The proper films must be chosen, the lighting arrangement on the suh3ec 
be correct, proper exposure and development should be given, and manj o 
fundamentals should be executed exactingly. Most of these requnemen^^^ 
topics within themselves. Howevmr, our interest in them at this time 
limited to the extent of the effect that these might hav'^e upon the 
sharpness. They will be discussed as incidental matters at the points u ler 
appear in the discussion at hand. , j]] 

To define sharpness is not as easy as one might imagine. In 
have a common understanding of what is meant by the term. u g,.g,nplCi 
factors come into play that may cause confusion of the real issue. 
from a given negative two prints can be made — one on soft paper a 
on hard. To an untrained observer and to many experienced peop j{ 

on hard paper will always be interpreted as the sharper, ‘ jg experi' 

can easily differ only in the degree of contrast. This same of 

enced to a less pronounced degree by viewing prints under i er^^ 
illumination, where the variations in brightness result in a ciaiio 

acuity. _ . i i omness cannot he 

I should not care to take the stand that effective vnsual s ’‘ I the 

altered by such means. On the contrary, it has always seeme 

•From A^a Ansco Laboratories, Binghamton. 
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visual definition of a photograph is intimately bound with the ease of ready 
interpretation. On the other hand, from a more critical standpoint, ease of 
interpretation (or readability) and actual definition are distinct matters. I shall 
have occasion to refer to this later. 

In the practical production of sharp photographs there arc several distinct 
and unquestionable factors. First, there is the subject itself. It will be agreed 
that the ultimate goal is to record all of the detail in the original subject and 
often, if possible, to exaggerate the case of recognizing this detail by pure photo- 
graphic possibilities, for example, exaggeration by contrast increase, bettering 
tone separation by filters and stains and other methods. From a practical 
standpoint the subject matter must be obseiwed carefully because a working 
tolerance exists that in some cases permits workmanship of considerable medi- 
ocrity while in others the tolerance is so small that exacting requirements must 
be complied with at ever)’ step. Probably this point deserves exemplification. 
Imagine that a department for years has been required to photograph gross 
objects having only massive details. For this work a lens and camera of average 
quality adjusted quickly by unaided vision, would perhaps be found entirely 
adequate. Now suppose the same department is called upon to supply 8 by 10 
photographs of some small, highly detailed sections of gross objects. The same 
equipment and methods of working in this case, as used for the mass-detailed 
gross objects, would certainly be found lacking in the capacity to produce 
sharp results. For this reason it is a good idea when making photographs of 
tj-pe to attempt to procure the maximum sharpness at all times. This may 
require the use of reference objects possessing fine details in many eases, but 
the need for such simple accessories cannot be considered as a barrier to the 
general adoption of the principle of maximum sharpness at all times. 

In arranging the lights before making a picture one should profit by the 
experience gained in the use of the microscope. In microscopy we are con- 
temed \\ith subjects of exceptionally fine details. It is well knoA\Ti that the 
details, especially when the magnification limit of the instrument is em- 
ployed, are readily lost by a slight shift from the optimum direction of the 
principal light beam. To be sure, when making photographs of gross objects 
0 placement of the light source is not so critical as in high-power microscopy, 
bat the fact remains that when fine details within the mass areas of a gross 
? must be recorded, the judicious use of lights is important. It is observed 
y most prolific workers that diffuse light sources, although probably giving 
* tl> less than optimum results, will permit more tolerance in placement than 
PKular (condensed or directionally reflected) sources. However, in both cases 
' ^ anally true that the lights should not be placed so close as to produce glare 
should be at average angles between the horizontal and perpendicular posi- 
as, that is, around 45 degrees. 

^ Perhaps the most important equipment consideration is the lens of the 
rmiversally recognized that there exists a wide variation between 
te and makes of photographic objectives as far as sharpness is con- 

further knowui that in. practice the wide aperture lenses (of a 
length) are usually less capable of producing a sharp image over 
field than lenses of smaller aperture. Theoretically, the reverse is true, 
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tor the theoretical resolving power of an • 

m mraencal opcrtm-e. Hoivever, iena makeL Z’j ™ "imi* 

made m sharpness svhen the aperture is vLy la.!.e ft « 

the aperture is very small sl’ltvT^ rs ■ ^ ^ when 

ot diffraction. Apart from rCarr " ’f’ °"™" 

frequently are the lo^v price tv^rL of poor quality most 

introduced either in the desi<m or in th ^ ^"sufficient correction has hcen 

of good make is generally exnen • r i ! components. A lens 

give assurance that it will be nf -^T ^ expensive does not 

tiee is to select a lens from a v Ti Possible sharpness. The best prac- 

H the lens is foun^r^for f 

more can be asked. If it do required in one’s work, notliing 

lens can be tried At +l • 0"o’s requirements, another 

ore in most eases earm h r 

to utilize in the pliotonro^l i^otter definition than one will find possible 

lower than the f 

resolving power charaeterisUcfZnTh'^ 

negative materials^ a ^tek 'S resolving power of most 

photographic ivork’ r,v,i i .0 • observed readily in much of the 

for this bevond t)'^ l^mlogical departments. There must be reasons 

of the equinment problem, tlie chief one being the improper use 

the equipment, especially in focusing the camera image. 

most depjrtments^^^ Ttf Imbitually by simple, unaided visual means in 
imperative conT,n+ i ^ ^ practice when optimum sharpness is 

cameras are emploved emphatically. When ground-glass focusing 

line ill order tr. rau ’ often advisable to rnb the ground glass with vase- 
detail. Foensir, 1^^^ tendency of the coarse texture to break up the image 

power to emhi ^Z**^*^* ^ f’c done with a magnifjdng glass of sufUemt 
fection of forirh ^ of the finest details. At every step the per- 

glass is used tl f ^ checked. If a camera ivithont a focusing groni!^ 

in tJie film nlm should he cheeked by placing a section of ground glass 

tuiit sin^ nr T r ™age ivith a magnifier. This is all-impor- 

sharpness is directly dependent upon negative sharpness. 

tion and sharpness in the image plane by the proper .selcc- 

as much fidoTi the next step is to record the image on film with 

fine detoik ^ ti Possible. Naturally, films of maximum ability to record 

hne details, or those havinn tbc uio-Uncf shonJd 


fine dpt.,tk .,. 41 ixaturaJJy, films of maximun. 

be seleeted' -I highest resolving powers, are ideal and shonld 

sneed i-cnni ' ^^^”4 Permit. By other factors is meant emulsion 

speed requirements, color sensitivity, and so on. 

lesohing power of a film emulsion is difficult to express e-vaoil.v, .since 
mderable vanatwn exists in its evaluation liv different observers. Skilled 
rioikers can determine re,solving power within 10 per cent of each other, whcrea.s 
those who are unskilled have difficulty in arriving at results within 30 per fen| 
yanatioiis. As a result the resolving powers of Agfa emulsions are arranged 
' • ■' - — ' -- Anemiil- 


. ’ resolving poivers of Agtn emiusio 

U 1 gi’oups, each group differing from the next by about 25 per cent. 

Sion isted 111 anj group will have a resolving power within the limits for Hw 
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group, l)Ut some films will have slightly better resolving power than others 
of the same class. The general classification as it now stands is given below : 


iO to 50 Lines po mm. 

Ultr.vSpee(l Panchromatic, 35 mm. 
Sujierpan Eeversible, 35 mm. 
Standard 
Portrait 

S. S. Plenachrome 
Snperpan Portrait 
Triple S Pan 
S S. Panchromatic 
Coimnereial Pan 
Triple S Pan Aero 

50 to 65 Lines per mm, 

F. G. Plenachrome, 35 mm. 
Plenachrome Poll 

Super Plenachrome Poll & Pack 
Fmopan, 35 mm. & poll 
^uperpan Supreme, 

33 tnm., Roll & pack 
Infra Red, 3o mm. 

Superpan Press, Poll & Sheet 


Commercial 
Commercial Ortho 
Super Plenachrome Press 
Isopan 

S. S. Panchromatic Aero 

36 mm. Plenachrome Rever.sible 

16 mm. Panchiomatic Reversible 

Twin 8 & 16 mm. Hypan Reversible 

16 mm. Triple S Superpan Reversible 

Direct Duplicating 

Diiect Copy 

G5 to 85 Lines per mm. 

Positive, 35 mm. 

Process 

8 mm. Filmopan Reversible 
85 to 105 Lines per mm. 

Printon 

105 to ISO Lines per mm. 

Reprolith 
Reprolith Ortbo 


^ The resolving power of an emulsion is a direct expression of its ability to 
register fine detail. In order for the complete possibilities of the emulsion to 
e realized in practice, however, the sharpness factors that liave already been 
pointed out must be considered carefully, especially the focusing factor. 

After a film of given laboratory determined resolving power is selected for 
it must be exposed and developed properly if good picture quality is to 
0 expected. This fact is well known. But it is not well known that camera ex- 
posure and development, within reasonable limits, have little bearing on the 
3 orpness of the final negative image. Of course, when light falls upon an 
emulsion there are many reasons to cause one to assume that exposure and 
^^sielopnient should be critical for optimum sharpness. We know that irradia- 
within the emulsion by reflection and refraction of the light, and halation 
IV 1^^ will promote image spread and tend to merge the details. 

ofL that certain developers result in coarser-grained images than 

jj developed contrast and fog level also affect clarity of definition, 

as pointed out earlier in this discussion, a distinction must be 
ease of interpretation and actual definition. It has been found 
{Je/ and development factors have little bearing on the accuracy of 

emulsion resolving power. This alone does not mean that in prac- 
uj should be ignored. Surely it is more desirable to have a 

2 f ''P ^vhieh the details are well separated by clean-cut contours, and at 
^ eontrast level that enable ready printing. On the other hand, 
have lo know that it is not so important as was once thought to 

critical exposure and development in order to utilize all the resolution 
emulsion possesses. 
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Positive paper prints are inevitably made from negatives ■ in biological 
photography. In this step mnc'h sharpness can he lost unless an exacting tecli- 
nique is used. The two principal methods for making paper prints, that is, by 
contact and by projection, involve much care. For example, in making contact 





Fig. 1. — ^Resolution Chart 

The figures indicate the number of lines per 
millimeter in the chart. To determine the 
number of lines resolved by the film, mul- 
tiply the corresponding number by the re- 
duction ratio. 

To aid in determining the reduction ratio, 
the box surrounding these instructions Ims 
been made exactly 100 millimeters in lengt i 
inside dimensions. 


irints we often find workers simply holding by hand, a s ee^ o it 

he negative on the printer top, apparently without knoinng gnd the 

3 to get uniform and intimate contact between the deve ope ^ |,y tlic 

)aper emulsion. That this factor is of prime importance is prints 

are photoengravers take in getting a good strong contac i 
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from half-tone or line negatives. In the graphic art industry, contact printing 
is practically always accomplished by the use of vacuum frame printing de- 
vices. Actually, the details that arc neccssarj' in such work are of a much 
greater order than 50 lines per millimeter. This is the average resolving power 
of negative emulsions ; therefore, when making contact prints from sharp nega- 
tives of biological subjects, for example, it is often necessary to get as good 
contrast as required in graphic art work. To accomplish this effectively and 
without the use of a vacuum, a strong spring contact printing frame can be 
employed to hold the negative and paper. This frame is held at a distance of 
about 6 or 8 feet from a light source approaching a point, such as an automobile 
headlight lamp or a clear bull) iVIazda lamp. In this way an almost parallel 
light is used that has less tendency to spread the image detail when the shadow 
image of the negative is formed on the surface of sensitized paper. 

In contact printing it is imperative to use glossy paper if the foregoing 
conditions arc to mean anything. Intimate and uniform contact against a rough 
surface paper is indeed difficult, if not impossible. 

In projection printing a more serious problem arises in attempting to re- 
tain in the enlarged print all the detail in the original negative. To begin vith, 
the resolution of detail in a negative can easily give an appearance of absolute 
sharpness and yet upon projection it may break down. Such a condition is 
often e.\pcrienced in amateur box camera photography. Visually, box camera 
negatives can be vci’y sharp and can give contact prints that appear sharp. 
However, upon enlarging any negative image made with a simple lens, definition 
progre.ssively decreases, assuming a constant print viewing distance. The 
real limiting factor is the acuity of the visual mechanism. It is well Imown 
lhat the optics of the iuiman eye is imperfect; nevertheless, an acuity cor- 
responding to a resolving power of about 150 lines per inch is not uncommon, 
^hen the details of a print from a given viewing distance appear fuzzy, it is 
obvious that the photographic sharpness limit has been exceeded. Contact 
prints can be well within the sharpness limitations of the eye, but unless nega- 
fives of a high order of definition arc acquired and this carried through to the 
print, not many diameters of enlargement arc permissible before the eye will 
0 capable of detecting fuzziness. If the viewing distance is increased, a visual 
improvement is naturally effected from the standpoint of visual sharpness only, 
or an increase in detail does not accompany this improvement. 

The elements of projecting negative images in order to retain as much 
oi^fitntion as possible may he listed for convenience, since most of them are 
"^'f-oxplanatory. They are: 
h The type of enlarger 

rr. Diffusion types give softer images 
b. Condenser types give sharper images 
The amount of scatter and extraneous light within the enlarger system 
e. Small negatives should be masked off 
b» The interior must be as nonrefleeting as possible 
3- The lens 

f*. Should be of high quality. 

b. Should be free of dust and surface scum 
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c. Should be stopped down to the point of greatest sharpness. This 
can be determined by means of a focusing tester, which is simply 
a negative of high contrast having clean-cut details that enable 
a sharp focus to be seen. This is aided further by the use of a 
magnifier. 

In conclusion, it is evident that if optimum sharpness is to he attained, con- 
siderable care must be exercised, for fewer problems are critically concerned 
w'ith equipment and materials than are dependent upon pure technique. 


Erratum 

On page 1158 of the Api'il number of the Journal in the article by Evan 
W. McChesney, Ph.D., Kimball D. Sprague, A.B., and Irvine H. llarshall. M.B., 
entitled “The Effect of Sulfanilamide on Acid-Base Balance,” the twelfth line 
should read; “In this sample the liydroxylAon concentration has increased 
twentyfold from the previous sample” instead of “In this sample the hjdro- 
gen-hm concentration has increased twentyffold from the previous sample. 
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LYMPHOBLASTOMA, Follicular, Baggenstoss, A. H., and Heck, F. J. Am. J. M. Sc. 200: 

17, 1940. 

A clinical and pathologic entity wriously called “giant follicle hyperplasia of lymph 
nodes and spleen,’’ “giant follicular lymphadenopatliy, ’’ and “follicular lymphoblastoma” 
lias been described in the literature in recent years with increasing frequency. The condi- 
tion is characterized by an insidious onset with regional or general IjTnphadenopathj*, 
splenomegaly, the absence of anemia or abnormal colls in the blood, and by the great radio- 
Jensitivity of the lesions. Tlie average duration of life after tlie appearance of the di.'sease 
13 four and a half years, but two patients have Uvctl as long as seventeen years nith this 
disease. 

The characteristic histologic changes occurring early in the disease consist of an in- 
crease in the number and size of the follicles of the lymph nodes and of the Malpighian cor- 
puscles of the spleen. Tliere is a tendency toward fusion of tlie follicle'-, and the lymphatic 
sinuses are generally narrowed or obliterated. 

There is a superficial resemblance between the histologic appearance of follicular 
lyraplioblnstoma and the histologic appearance of hypertrophy of tlie secondary centers of 
Ijinph nodes resulting from toxic or inflammatory conditions. The histologic criteria which 
«Mble the liistopathologist to distinguisli the two conditions are outlined. 

In certain rare instances in which the histologic appearance is not tj-pu^al of either 
follicular lymphoblastoma or inflammation, it may be wise to reserve diagnosis and merely 
lo use a descriptive, noncommittal term, such as ‘ ‘ follicular hypertropliy, ’ ’ to denote the condi- 
f'on. Subsequent observation and biopsy frequently will bear out the suspicion that the 
condition in question is an early in.'itancc of follicular lymphoblastoma. 

The differential criteria listed arc: 


Histologic Differences Between Follicular Lymphoblastoma and 
Inflammatory Hyperplasia 


I’ollicular 


Folliclgg 


Lymphoblastoma Simple hyperplasia of inflam- 
matory or toxic origin 
Larger and more numerous 
Closely packed 
Diffuse throughout node 


Frequent in medulla 
Uniformly large 
Tend to fuse 


’“‘"follicular Tissue 


’Cells densely packed 
Condensation of reticulum 
Sinuses narrowed or blocked 
Slight proliferation of retic- 
ular cells 


Smaller and less numerous 
Scattered 

Arranged around cortex in con- 
centric rows 
Few in medulla 
Vary in size 
Discrete 

Cells scattered 
Loose reticulum 
Sinuses open, often dilated 
Marked proliferation of reticu^ 
lar cells 


1395 





1396 


THE JOURNAL OP L^VBOEATORY AND CLINICAL 5IEDICINE 


SPUTUM, Aspiration of, From Adults, Anger, W. J. J. A. M. A. 115: IISC, 1940. 

A brief study was carried out on 13 adults with pneumonia wlio reputedly could not 
cough or bring up satisfactory sputum for examination. 

In all 13 cases sufficient sputum was obtainable from either the larynx or the naso- 
pharynx by the use of the aspiration method. 

No advantage was found in nasopharyngeal secretions as compared with secretions 
from the larjTix in the typing of pneumococci in pneumonia among adults. 

The laryngeal aspiration method of collecting sputum, whether obtained by sninge 
and finger valve or by a sputum trap and machine suction, has been suggested for adults 
when voluntary efforts at expectoration have failed. This method is also recommended for 
obtaining sputum from tuberculous patients. 

It is suggested that the person who examines the sputum in the laboratory should 
obtain the sputum. 


BRUCELLA, An Evaluation of the Opsonocytophagic Test, Wise, B. Am. J. Sc. 200: 

520, 1940. 

The usual range of the Brucella opsonocytophagic index in normal individuals, as ex- 
pressed by the index number, is from 0 to 30. 

A positive Brucella opsonocytophagic index is specific, tliat is, the individual s blood 
that is positive for Brucella does not phagocyte other organisms to any' considerable degree. 

A significant difference in the phagocytosis of nonencapsulated and encapsulated strains 
of Brucella organisms exists, and should be considered when this test is carried out. 

The Brucella opsonocytophagic index has its greatest usefulness in indicating contact 
with Brucella organisms and, of the usual laboratory tests, is the single most useful test 
for survey work. 

The Brucella opsonocytophagic index is not diagnostic of active Brucella infection and 
may be negative xvhen active infection exists. 


TUBERCLE BACILLI, Demonstration of, Steenken, Wm., Jr. Am. Rev. Tuberc. 42: o4S, 
1040. 

An alcobol-precipitated protein from pleural fluid and white of egg has been r^^^ 
mended for sedimenting tubercle bacilli from urine and spinal fluid in place of tanme 
The sedimented protein is soluble in 4.0 per cent sodium hydroxide. It g'y®- 
color which does not interfere with color change of tlie indicator used for adjusting 
The protein is not inhibitory to the growth of tlie tubercle bacillus as the tann. 

The method follows: . 

Preparation of protein: All glassware used in the preparation of 
I in cleaning solution (mixture of sulfuric acid and potassium dichroma c) o ^ 
Clear colored pleural fluid, filtered through paper and centrifuged at j 


Jght. 

stand in cleaning solution (mixture of sulfuric acid and potassium £licuroni.ui-| 

a half hour, xvas diluted xvith an equal volume of distilled water am pass JJolein 

“N'l Berkefeld filter. This filtrate was sterilized at 00° C. for one hour, of 

was precipitated by the addition of three volumes of 95 per cent alcoliol for ®' fo 
pleural fluid. The resulting mixture of precipitated protein and jjie 

stand in the icebox overnight, at tlie end of which time the alcohol was pjjj.-jlly 

remaining protein xvashed three times with equal x-olumes of 95 per cent a jjion 

it was centrifuged and the resulting sediment was suspended in 50 profein- 

it was diluted so that each cubic centimeter contained 50 mg. dry weig i o ^ 

It was then sterilized at 50° C. for one hour and stored in the icebox until rca y 
The protein may also he prepared from the xvhite of egg using tlie sa 
,• it is recommended that the eggs be fresh and that the whites he isso ve 


collected 


only It IS recommencea that the eggs 
volume of xvater before precipitating xvith the alcohol. 

Treatment of specimen: A twenty-four-hour specimen of urine auuc-.- 

usual manner, and for every 100 c.e of urine, 1 c.c. of the protein fvrenfyd'”^^ 

The resulting mixture of protein and urine is alloxved to stand in the ice ol 


the 
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hours. At the end of this time most of the protein will have sedimented to the bottom of 
the bottle carrying the tubercle bacilli with it. The supernatant urine is then siphoned off 
and the sediment is centrifuged at high speed for ten minutes to free it of the residual urine. 
The sediment is taken up with an equal volume of 4 per cent sodium hydroxide and placed 
in the incubator for half an hour. The digested mateiial is then centrifuged at high speed 
and the supernatant fluid is decanted. The sediment is neutralized to pH 7.0 with tenth- 
normal hydrochloric acid containing phenol red, when it is leady for smear cultuie or animal 
inoculation. 

Tubercle bacilli may be recovered from spinal fluid by the addition of 0.1 c.c. of protein 
for every 10 c.c. of spinal fluid. The mixture is then centrifuged at high speed. The sedi- 
ment is now ready for smear culture or animal inoculation. 

Fluids of higher specific gravit)' that are miscible witli water may be sedimented if 
diluted with sterile distilled water. Other alcohol-precipitated proteins may also act as 
sedimenting agents. 

The criticism may arise that the pleural fluids used to prepare the protein may have 
been contaminated w’itli a few tubercle bacilli, but such organisms would be dead. The 
necessary check of all positive urine or spinal fluid smears by cultuie of guinea pig inocula- 
tion would remove this objection. 

■ COVER SLIPS, A Practical Substitute for, Norris, J. C. J. A. U. A. 115: 1090, 1940. 

Norris recommends plastacele securable in sheets (C*12-7511-sheet 20 by 50 inches 
the E. I, DuPont Co., 620 Schuyler Avenue, Arlington, N. J., at $1.00 per sheet). One 
sheet can be cut into about 1,000 cover slips. 

tuberculin reaction, The Instability of, Dahlstroin, A. W. Am. Rev. Tuborc. 42: 

471, 1940. 

The dispensary records of 3,919 members of 513 families under observation from five 
to fifteen years w’ere examined to determine whether the tuberculin reaction, once established, 
remains constant, and, if not, to determine the circumstances of inconsistency, with particular 
reference to the original intensity of the reaction, the degree of exposure to tuberculosis, 
e presence of tuberculous lesions, race, age, and sex, and finally the season of the year. 

Of the group examined, 2,490 were positive to tuberculin in at least one examination, 
!rr'd 27G, or ll.i per cent of these, passed from the positive to the negative state during the 
period of obser\ation in the dispensary. The lower the original degiee of sensitiveness, the 
greater was the likelihood of reversal fiom positive to negative reaction. Only 0.4 per cent 
0 1,090 people giving a three-plus reartion to the standard first dose of tuboiculin became 
u erculin-negative, whereas the negative state supervened in 70 per cent of 185 persons, giving 
y a one-plus reaction to the second dose. 

The greater the degree of family exposuie, the more likely a reaction was to remain 
poSsitire. In families with no history of tuberculosis in any member, 24 per cent of the 
m ers became negative, whereas among 03 reactors in families in which a patient with 
positive sputum resided constantly, only one person (1.6 per cent) became negative. 

The tuberculin reaction never became negative in the group under consideration in the 
lesions of active reinfection type tubciculosis, but became negative in a small 
Ther^ of tuberculous lesions of the type diagnosed by x-iay examination only, 

live ^^'^^uded 2 cases diagnosed as active childhood type tuberculosis, 5 cases with inac- 
chilir reinfection type tuberculosis, and 11 cases with x-ray evidence of calcified 

total f'^tierculosis. Altogether, reactive capacity disappeared in 0.72 per cent of the 

number of patients with recognizable^ tuberculous lesions of any sort. 

'0'erei° correlation of instability of the tuberculin reaction with sex was dis- 

“SstabV definite correlation with age. The overwhelming majority of the 

l>ace 'rere children. Reversion to negative reaction proved rare in adult life, 

^'ble played a part, but uncontrollable variables made definite determination impoV 

^®ri 7 ier ^ comparison w’as made of two largest racial groups, Italians and Negroes, the 
it w ^PP®^*'cd to react less intensely and to have more tendency to lose a sensitivity once 

was conferred. 
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G-RA2TOLOMA, Systemic Beticulo-endothelial, Wallgren, A. Am. J. Dis. Child. 60: 471, 

1940. 

A description is given of two clinically and anatomically investigated patients widi 
systemic reticulo-endothelial granuloma, they being 4 months and 2Vi years of age, lesjiec- 
tively. These cases, which essentially show great similarities, occupy intermediate position?, 
one of them between so-called infectious reticulo-endotheliosis and Letterer-Siwe disease, ami 
the other between the latter malady and Schiiller-Christian disease. 

These three types of systemic reticulo-endotheliosis, hitherto regarded as different dis- 
eases, are discussed, and reasons are advanced to show that the distinguishing features be- 
tween the two first mentioned are rather arbitrary and nonessential, and that the anatomic 
and clinical dissimilarities that may exist between nonlipoid reticulo-endotheliosis and Schiiller- 
Christian disease are easily explained by the difference in age of the patients, the unequally 
malignant or benign course, mainly due to this difference in age, and the different localization 
of the morbid changes. Transitional types are found between characteristic cases of Schiiller- 
Christian disease and Letterer-Siwe disease and also between those of the latter and so-called 
infectious reticuloendotheliosis. 


ANEMIA, “Target-Cell,” Dameshek, W. Am. J. M. Sc. 200: 445, 1940. 

In an Italian youth with hypochromic anemia, splenomegaly, and a hemolytic type of 
icterus, unusual changes were discovered in the red blood cells and the bones. About a third 
of the red blood cells presented the appearance of "targets” or "bull’s eyes”; these cclh 
were unusually resistant to hypotonic solutions of sodium chloride. Ko nucleated red ooi 
cells were present. Generalized osteoporotic changes with great thickening of the skull wire 
present; in addition, a bony tumor arising from a rib encroached on the right upper lung. 
Target cells have been described in sickle-cell anemia, cirrhosis of the liver, chronic hypo 
chromic anemia after splenectomy, and in other conditions. The present studies hare . lorr 
that they are also common in Cooley’s erythroblastic anemia. 

The condition of "target-cell anemia,” as described in this paper, may be 
frustes, an anerythroblastic type of Cooley’s erythroblastic anemia or a closely rclatet 
tion. The possibility' is broached that Cooley' ’s anemia, sickle-cell anemia, and 
anemia are related conditions with target cells and increased saline resistance as 
denominators. In Cooley ’s anemia the target cell is probably a more fundamental abnor ■ 
than the erythroblast, and may represent the basic hereditary- defect. In these • ^ 

hemolytic states, a lack of response to splenectomy further differentiates them fr 
cases of congenital and acquired hemoly-tic icterus. 

A’ofe; This condition has also been described by' Wintrobe, Mathens, Pol' > 
Dobyns (J. A. M. A. 114: 1530, 1940). 

HYPERTENSION, Orthostatic, McCann, W. S. J. A. M. A. 115: 573, Pl-lO- 

In some instances of nephroptosis the erect posture may' result in cou- 

of the blood pressure, with diminution of the total renal blood flow and 
sisteney' of glomerular filtration, though the "filtration fraction” is increased. iO 
ratio of diodrast to inulin is decreased in erect posture as compared with that m 
posture. 

Patients with normal blood pressure and those with hy-pertension but 
roptosis did not exhibit these changes. iPe 

Hypertensive patients should be studied with regard to the effect jjpjr a 

blood pressure by comparing the pressure during ordinary' activity- nitli t la jj,,j,p,ictratc'l 
period of strict recumbency. Those in whom a marked orthostatic effect jjidnc.v-' 

should receive pyolographic study and treatment by- appropriate support ,tabiliz.a- 

which are ptosed. Cerebral, ocular, and cardiac symptoms may be relieve, 
tion of blood pressure which results from such measures. 
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TOBACCO, Cutaneous Manifestation From, Barksdale, E. E. J. A. A. 115: 672, 1940. 

It has been proved by other workers ami the author that tobacco contains arsenic. It 
is common knowledge to those living in a tobacco section that faimers freely use lead 
arsenate as an insecticide to kill the norn worm. Nothing has been done oi probably can 
be done in either the agricultural or manufacturing procos to remove it. A series of cases 
nitli exfoliative dermatitis and po.'sitivc blood arsenic, whose sources ot aiscnic were thought 
(o be tobacco, was oh.«ervcd. The blood in a series of cases of severe dermatoses and normal 
indiTiJuals ha‘» been analyzed for arsenic and found to be negative, even though the patients 
nere heavy smokers. It is thought that there is a sufficient amount of arsenic in tobacco 
to have a very detrimental effect in cases of postal sptienamine deimatitis. 

It is realized that the Gntzeit test may not be .•sensitive emiugh to determine a diiTerence 
in the blood arsenic of smokers and nonsmokers. 

It is believed that patients get this deimatitis because they arc hypci sensitive or 
allorgic to arsenic. 

This paper has attempted to present n theory. Its ultimate proof depends on the 
toihboration of other workers. 

SULTAPYEIDINE, Pathologic Changes Following Prolonged Administration of Sulfa- 
thiazole and, Rake, G., van Dyke, H. B., and Corwin, W. C. Am. J. M. Sc. 200: 
353, 1940. 

Sulfathiazole uhen given ns 2 per cent of the diet killed 77 per cent of niioo during a 
four-iveek period and produced lesions chiefly in the spleen and genitouunary tract. Sulfa- 
pyriihne nag not lethal and produced fewer pathologic changes. 

In rats eulfapyridinc was twice as toxic ns sulfathiazole as shown both by the ofCect on 
Hie growth curve and by the lesions ptoduced in the genitonrinaiy tract. 

In monkeys receiving a single daily dose sulfapyndinc was more toxic than sulfa- 
tt'iazole, as shown by the lesions in tlie genitourinary tract and, to a lesser extent, l)j lo'sS 
fif fteiglit and Icucoponia. 

hElTKOCYTES, Motility and Chemotaxis of, in Health and Disease, Mallery, 0. T., Jr., 
and McCutcheon, M. Am. .T, &r. Sc. 200: 394, 1940. 

The activity of polymorphonuclear leucocxtcs from a senes of patients acutely ill, 
“'ost of them with infection*!, was compaiod in vitro with tliat of the obseiver's leucocytes 
of leucocytes from patients not acutely ill. Decreased rate of locomotion and less direct 
approach to bacteria were shown by leucocytes of the acutely ill persons. In leucocytes of 
sooie patients who were gravely ill decline in motility and chcmotactic response was progres- 
sive, whereas the observer's leucocytes maintained their activity uniinpaiied for hours. The 
nc lonal changes observed would tend toward lowering resistance to infection. These 
^spenments emphasize the fact that in severe illness the function not merely of whole 
but of individual cells is depressed, and they afford a method for quantitative 
casurement of changes in cellular function. 
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Haemorrhoids and Their Treatment"- 

W ELL written, easy to read, this book is short, concise, and well translated. The author 
takes up the various anorectal conditions one by one, discussing the etiolog)’, pathology, 
and treatment of each. The sections on etiology present a new concept which is of interest. 
It is brought out that the underlying cause of hemorrhoids, anal fissure, fistula in ano, pruritus 
ani, and rectal prolapse is a congestion of the portal circulation. The author maintains that 
all are merely symptoms of the same condition. He further points out that all respond to the 
treatment, namely, injection of a sclerosing solution around the hemorrhoidal veins. A chapter 
is included on the instruments necessary for injection treatment. 

The book contains many well-reproduced color photographs and drawings in addition to 
clear-out black and white illustrations. 


The Practice of Medicinef 

A lthough the first edition of this volume appeared as recently as 1936, it has been 
necessary to put out a new edition every two years, this being the third. This vo urae 
has several unusual features. It contains practically fifteen hundred pages. It is more 
abundantly illustrated than any other textbook on the practice of medicine, there being u 
illustrations, 48 of them in color. This is the first medical text using the now green m e 
paper which reduces glare and eyestrain. The discussion of individual diseases ^ ” 
than in other similar texts in that discussion includes illustrations which arc usua } ^ 

in texts on physical diagnosis and clinical pathology'. In other words, the discussion is 
At the same time there is no superfluous verbiage, the textual presentation being very sue 
This volume may be highly recommended. 


Foundations of Short Wave Therapy^ ^ 

S INCE short wave therapy is based on physical, technical, and medical pri jP^ 
fortunate that collaboration of a physicist and a physician led to the pro 
book. A short introduction to the physicial theory of oscillations is given, o 
most important methods of measurement for teclmicians and doctors. Important 
about the choice of apparatus are mentioned. The medical section contains a rew 
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whole field of indications for short waves. Diseases of the skin, such as varicose eczema and 
localized suppurating inflammations, inflammations of the soft tissues, and diseases of bones 
and joints arc particularly amenable to short wave therapy. It is remarked that gonococcal 
arthritis reacts especially well. Diseases of the lungs, including asthma, are also said to re- 
spond. It would appear that there is no diseased organ system that cannot be benefited to a 
greater or lesser extent by this technique. The book is ably translated and contains a very 
complete bibliography. It is felt that this is an excellent presentation and will be of equal 
value to clinicians and experimental workers. 


Clinical Parasitology’-' 

T'HE second edition of this book is most complete and extremely well illustrated. 

While older books on human parasitolog}' have classified parasites on the basis of their 
location or the manner of their activity in the human body, the classification in this volume is 
in accordance with the international code of zoological nomenclature. This same trend toward 
more scientific classification is seen in bacteriology, mycologj*, and allergy, It represents a 
natural scientific evolution and facilitates precision in discussion. 

The volume goes farther than the older writings on human parasites, including not only 
protozoa and helminths, but also the arthropods, spiders, lice, bees, flics, fleas, and similar 
animal parasites or enemies. 

A technical appendix provides ample instruction for laboratory study. 


Histological Technict 

STATED by the author in his preface, the major purpose of this work is to present 
modifications of mctliods of tissue fixation, section-making, and staining which in his 
*^erience make the results more quickly available to the pathologist. Consistent with this 
aim, Krajian not only presents the generally accepted methods but also seventeen of his own 

modifications. 

The book is well illustrated, reasonably small, and easy on the eyes because of the new 
yp® paper with a slightly greenish tint that reduces glare. It should become a useful and 
valuable laboratory handbook. 


Bacillaiy and Rickettsial Infections. Acute and Chronic|: 

'pHlS volume has a really new approach. Although history, epidemiology-, prevention, 
diagnosis, and treatment are included under the various diseases, the 
Dry of the development of our present understanding is given major prominence. The 
(& vvhich may be read for pleasure when one is relaxed and desires to broaden 

orizon of his understanding of the problems of medicine as they have been solved through- 
the centuries. 

tioa notations appearing as inserts are abundant and facilitate immediate orienta- 

w those who may wish to refer to some specific phases of the discussion, 
in 1 in the title, the coverage is of bacillary and rickettsial diseases, and does 

e virus diseases or other forms of bacterial infection. 

^1* By Charles Franklin Craig-, SI.D , JI.A. 

of T!^K/^®tired), D.S.M,. Emeritus Professor of Tropical Medicine in the^lane Uni- 
Orleans, La,; and Ernest Carroll Faust, MA., Ph.D,. Professor of 
iS I>epartment of Tropical Medicine. Tulane University of Louisiana. New 

thoroughly revised, with 244 engravings, 77- pages, |8.50. Lea & 

Technic. Including a Discussion of Botanical MJcrptechnic By Aram .fL 
272 Pathology, Los Angeles County General Hospital, Los Angeles, Cahf. 

19407 ^ 44 text illustrations and 7 color plates. The C. V. Mosby Company, St. 

S;’^e^pfaS*^„®"?,,Rickettsial Infections. Acute and Chronic. A Textbook. Black Death to 
Chatr^-,^^’ H. Holmes. Professor of Medicine. Northwestern University 
16.00 of Medicine. Passavant Memorial Hospital, Chicago. Cloth, 67a 

• Macmillan Company. New York, 1940. 
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The Biological Reaction* 

T he reader will be astonislied to find that despite this general title the authors are onlj' 
discussing tuberculosis. Of course, they approach their subject from a general point of 
viery. It is obvious that for them tuberculosis, as the disease with which they both are most 
familiar, serves only as an example to demonstrate how the complexity of the various factors 
involved in the biological reaction of the organism against a disease can he analyzed. Tlic 
results of their analysis of the reaction of tuberculosis patients and animals, if correctly in- 
terpreted, are highly' important for the treatment and prophydaxis of this disca.se. In the 
first part of the booh, Hofflin (Victoria, Canada) gives the theoretical arguments and the 
mathematical proofs for their method of expressing the "biological reaction” in figures. A 
series of six to ten differential leucocyte counts (classification of Schilling) arc made at 
intervals of two hours in order to interpret the oscillation of the biological reaction. The 
minimal and maximal differences of the var ious counts with one another, and tlic deviatinns 
of their average values from the standarpl values are the basis for tire calculation of figurei 
expressing seven variables of the biological reaction: extensity of foci, intensity of foci, 
allergy', general resistance, specific resistance, index of immunity', and metabolic index. Tiicjc 
figures are then analyzed by means of a Fournier series and their correlations are rcprcccntcd 
geometrically' in graphs with logarithmic scales (secondary analysis). To complete the 
functional analysis, two series of differential counts are made on two consecutive day. s, one 
before, the secon.d after, an intracutaneous tuberculin injection. Both their graphical repre 
sentations are compared and interpreted concerning their relative position to one another ac 
cording to Hofflin 's experience with cattle tuberculosis. In the second part of the joo.', 
Bucher (Zurich, Switzerland) reports the clinical proofs and the practical application o 'C 
new method for the diagnosis and prognosis of human tuberculosis. The third part o e 
book is entitled ‘ ‘ Quantum Diagnostic. Foundations of a Modern Tuberculosis Therapy w 
Prophylaxis. Practical and Theoretical Conclusions.” An "active” gold 
(crysatox, described as a gold-sodium-sulfur combination) combined with a 
carrier” (ompotan, the chemical nature of which the authors do not oven intimate) r. 
intravenously or orally. Not only good clinical results are reported, but the new < 
method of the authors gives the possibility' of finding out the favorable moment at 
therapy has to start, and of demonstrating later on the improvement in the biologica ^ ‘ ^ 
of the patients. While this therapy is declared to be a specific one, the prophyla.xm p^^^ 
and tried with success by' the authors on animals and patients has as its aim to rai.^e 
specific immunity without producing allergic reactions as proved by their new 
diagnostic.” The propdiylaxis consists in feeding a complex emulsion of large 
lipoids, proteins, and polysaccharides, of which no further descriptions are given. 

Without doubt the authors discuss many very interesting and important o 
However, only few readers will bo able to follow their train of thoughts and un( 
accept their conclusions. Unfortunately, the mathematical part is kept so bnc 
be diflficult for the average physician to understand it, and especially to oi,'. 

to assume that the various proposed formulas can express allergy', immunity, 

The experimental and clinical evidences offered are not convincing enough to vin 
comprehensive theories. 


— Ernst 


Fischer, 


1 

•The Biological Reaction. A functional analysis and ®yn)'’esis of the 

the determination of aiiergj', general resistance, specific resist.ance, - funktioneim • .-nf!- 

oxtensity of active foci, and immunity. (Die Biologische Reaktion. AHerKle- “‘‘"niiact-) 

und Synthese biometrisclier AV'ertc zur zahlenmaesslsen ErfassiiOo y ■ Horde, Ininm 
Resistenz, spcziflscher Resistenz, Krankheitsintensitaet, Extensitaec as 
Hans Huber. Bern, 1039. 
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SOME RECENT ADVANCES IN DERSIATOLOGIC THERAPY 


Marion B, Sulzberger, At.D., and Ellts P. Core, M.D., New York, N. Y. 


material for the present summary has been gatlicrcd from t!ie literature 
^ of the last two years. Selection has been entirely avl)itrary, and many con- 
ti'ibutions of undoubted value have had to be omitted Reference is made to 
^ome purely experimental work, not because it represents a practical advance 
in present dermatology, but because it may be the source of future progress 
in therapy. 

VITAMIN THERAPY 

The dermatologist deals primarily with tlic skin, the largest and most 
accessible organ of the human body. No other single organ offers such scope 
for the study of morphology and function in both health and disease. No other 
t’J’gan is subject to c.xtornal as.sault by pliy.sical, chomical, mechanical, and 
biological agents; and at the same time, to internal onslaught l)y almost all the 
factors causing disease in more sheltered tissues. The dermatologist must, there- 
fore, be an alert “internist" as well as a competent “externist," In many 
so-called systemic diseases" a careful study of the skin and orificial mucous 
niembranes will offer either supportive or conclusive diagnostic evidence 
(criteria). The avitaminoses (or “dysvitaminoses" as we prefer to call them) 
are a characteristic group in this category. However, the significance of tlie 
Jermatologic approach to the study and management of vitamin deficiency is 
In the first place, it embrace.s the recognition of the classic general as 
J^e 1 a.s local cutaneous manifestations of the various deficiency syndromes ; in 
be second place, it includes the administration of vitamins to produce thera- 
peutic effects on cutaneous lesions, as well as in order to achieve systemic effects 
general resistance. 

It is our opinion that many cases of vitamin "deficiencies" are not true 
^ncicneics, but rather abnormal conditions of demand, utilization, and trans- 
P®’’! of tlie respective vitamins, “dysvitaminoses" (Sulzberger^). Moreover, 
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in nvimerous instances, it seems as though improvement takes place fasler if 
several, and not only one, of the vitamins are administered. However, it is, of 
course, usually necessary to give that particular vitamin or complex wliich is 
most obviously needed in dosage much higher than that of the other vitamins. 

Goodman, Kanof, Baer, and one of us (M. B. S.)" have shown that .sonic 
eases of keratosis pilaris, formes trustes of ichthyosis, lichen spinulosus with or 
without cicatrizing alopecia, and brittleness of the nails are benefitted by large 
doses of vitamin A. 


Probably the most striking of the neiver studies on the role of vitamin A 
in dermatology^ is contained in tlie observations of Peck, Ohargin, and Sohotka’ 
on keratosis follicularis (Darier’s disease). These investigators found that indi- 
viduals ivith Darier’s disease had a normal or increased amount of the pro- 
vitamin A (carotene) in their blood serum, but a decidedly lower than normal 
ratio of vitamin A itself. The.se determinations ivere made by use of (he 
photelometer,^’ with which quantitative estimations of vitamin A in blood 
scrum are made according to the method of Carr and Price.* The cstimalions 
were confirmed by the dark adaptation method of Heeht and Ifandclbaum. 
It was further found that the dyskeratosis gradually subsided when serum 
vitamin A levels were raised to normal by the administration of large amounts 
(200,000 I.U. daily) of vitamin A concentrate, and recurred ivlien this Ircat- 
meut was stopped or the dosage reduced. On the basis of this preliminarj 
work, Peck and his collaborators believe Darier’s disease to lie due to an hcicc 
itary physiologic weakness in the absorption of vitamin A or in its eonicisiou 
from the provitamin. 

Kecently, also, the dermatologic condition known as pi1yrja,sis rubra piki'® 
has been successfully treated by vitamin A in large dose.s. Brunstmg <u>f 
Sheard® had previously found that dark adaptation tests were similai to tio.s^ 
later reported by Peck and co-workers in Darier’s disease, and 
in the dark adaptation which folloived vitamin A therapy was, to ^ 
paralleled by clinical improvement in the dermatosis. In this repoit, a 
is drauTi to the impairment of dark adaptation sometimes found associatec 
eirrliosis of the liver.' Recently, eases have been reported of tlie bene ci>i 
of vitamin B complex on pityriasis rubra pilaris.® This ohseiwation 
the assumption that the vitamin B complex produces an impioicmen 
function which in turn permits the proper utilization of vitamin A, m ^ 
version of provitamin A to vitamin A. The reviewers have used 
of phrynodenna, in individuals with 


provitamin 
some success in cases 
and in various forms of “drvness of the skin. 


of lichen pilaris, 


ichthyosis, and of follicular keratoses; and in patients giving a his ° 
continued ingestion of mineral oil or of prolonged indulgence in ^^ftcr- 

Debilitated or eldeily patients with chronic dyskeratotie disease, oi 
ing ivitli chronic ulcers often respond to large doses of vitamin i , P 
complemented by B complex. Mention a( 

The vitamin B complex is .iustly receiving a lion’s share of a 
pre.senl. It is our belief that, with a few notable exception.^, j,(]]viin- 

and polyneuritis, the vitamin B complex components are most c ce i 

‘JIanufacturetl by the Central Scientific Co., Clilcago, III- 
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istered as injections of wliolc ernde liver extract (not tile refined or concen- 
trated preparations). Tlii-s form is eheaper and much moi’c efficacious than the 
2 to 15 units per cubic centimeter products often employed. In many cases 
liver injections seem to he more effective also than mucli hieher dosasc of the 
pre.^ent known vitamin B factors given hy mouth. Tliis may Ire due ( 1 ) to an 
unknown factor present in the crude liver; or ( 2 ) to a synergistic action of 
the various fractions of liver when given iiarontei'all.v : oi’ (. 1 ) to an altera- 
tion in composition of the concentrated or crystalline products produced hy 
pharmaceutic houses for oral administration; or (4) to a faulty or selective 
alimentary alisorption of the oral medication. 

JIndden’ reports vitamin Bj to he a valiiahie adjunct in the therapy of 
psoriasis. There is a growing literature on vitamin Bi therapy in pink disca.se 
(acrodynia) in cliildrcu.'" Its use is well known in Iioriheri, and in the periph- 
eral neuropathies of pellagra, alcoholism, and pregnancy. 


l^ihoflavin (vitamin B^) deficiency is characterised hy .some comhination 
of the following signs and symptoms: redness of the huccal surface of the lips 
and abnormal redness of the vermilion borders with desciuaiuation. There is 
usually maceration and fissuring, and sometimes rhagades-liko lesions at the 


commissut'es. Seborrhea of the naso-labial folds, nine nasi, eyelids, and ears 
K frequent. There may lie a specifie t.vpe of glo.ssitis witii a pnrple-red color, 
fallring, and coarse granular appearance. Conjunctival, scleral, and eorncal 
injection and vascularization ma.v lie seen. The patient comjilains of hurniiig 
of the eyclmlls, roughening of the lid.s, visual fatigue, .niid photophohia,‘' All 
these conditions are promptly remedied hy specific treatment — except tlie visual 
disturbanee.s in long-standing cases. In dermatologic practice two points arc 
Mrthyof stress in connection with the recent literntnro on rilioflavin; the first 
IS that ordinnry pcrlcchc, as occurring in children, or .after trauma (dentist) 
and as seen so commonly li.v skin spccialist.s, is not n rihoflnvin rlcficimy and 
ocs not respond to rihofluvin ihcrapij. The second point to he made is that 
u lie many of the corneal ulcers of rosacea keratitis respiond to vitamin B 2 , the 
nitaneous acne and rosacea remain unaffected, and do not, as a rule, respond 

to riboflavin. 


Smith, Smith, and Callawa.v’^ descrilie a skin condition in jicllagrins which 
0 ; term “dysseliacia.” The lesions, chiefly on tlio face, are cliaraeterized hy 
^ri'ness of the skin and tlie presence of plugs of inspissated sebum projecting 
the .sebaceous follicles. D.vssebacia is readily cured hy autoclaved yeast 
• mouth or crude liver extract hy injection, hut is uninfluenced iiy oral ad- 
mimslrafion of vitamin Bi and liver extract. Nicotinic acid is effective hnt 
liiire,s a mucli longer time than yeast or crude extract of liver, 

role of nicotinic acid in pellagi-a therapy is well known, .as arc its sup- 
(0 and reported effects in alleviating .some of tlie disagrecalile subjective 
di'V-”' ■^'^“amide therapy. The reviewers believe it may exert some beneficial 
UVt.™ lupus erythematosus, perhaps by reducing tlie photosensi- 

(,soV. i^iseaso. They believe also that some patients tolerate oral bismuth 
I’otter while taking nicotinic acid, having less tendency to stomatitis 
Vin saatrie upsets. King'* reports the disappearance of organisms of 
a angina in forty-eight to seventy-two hours with nicotinic acid therapy. 
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Vincent’s angina and stomatitis are important, and are at present causing 
much disability in military concentrations and defense projects, and King’s fiini- 
ings should merit further study. 

The status of pantothenic acid, biotin (vitamin H), and other factors of the 
vitamin B complex has not been settled. A verj'' thought-stimulating paper hy 
Gy orgy discusses the possible I'elationship of these factors (as well as thiamine 
and riboflavin) to the sealj’^ desquamative dermatoses in man. He lias experi- 
mentally produced and cured in animals conditions similar to those of the 
“seborrheic diathesis” in man. 


Spies'’’ points out that pantothenic acid and riboflavin arc mutually com- 
plementary, and believes the former to be a dietary necessity. 

Kristensen and Vendel'“ claim to have effected a prompt, universal, ami 
pemanent clearing in 13 acute and 7 chronic cases of eczema treated with the 
vitamin B complex. 

The Plummer-Vinson sjmdrome, characterized by anemia, dysphagia, glos- 
sitis, cheilitis, and spoon nails, is considered a precaneerosis, probably related to 
vitamin B complex deficiency." Notable among other suggested uses of vita- 
min B complex are its use in the treatment of (1) glossitis and stomatitis accom- 
panying sprue, pernicious anemia, and pellagra;" (2) certain eases of neuro- 
dermatitis of the back and sides of neck and the elbow flexures;*' (8) certain 
cases of moniliasis;" (4) eases of lupus erythematosus with extreme sensitivitj 
to light;" (5) some cases of kraurosis vulvae." 

Gross'® reports improvement in cases of kraurosis vulvae by combined 
administration of vitamin A, riboflavin, and liver extract. He stresses c 
interrelationship between hormone and vitamin therapy because some o >cse 
cases may respond to either type of treatment. He believes some of t e vcr. 
apparent increased effectiveness of crude liver extract may^ be due to ^ lo i^i 
although it is supposed to be left in the residue of extractioii. Two other 
tant observations are made by Gross: (1) pantothenic acid therapy resp _ 
depends on much larger dosage than is found in vitamin B complex , an 
very' large dosage of thiamine chloride may cause a relative 
nicotinic acid due to increased I'equirement, although there is no known 


to vitamin B complex even in huge doses. . 

One of us (JI. B. S.), in discussing vitamins A and 
instances of quicker improvement in phrymoderma (dry skins an 
keratoses) being effected by vitamin C therapy' than by admmis 
vitamin A. He also describes Sjogren’s'® syndrome, which is very 
the Plummer- Vinson disease in all its manifestations. He states la 
dition, which is usually seen in women at the climacteric, is tunn 
iron or vitamin B complex, but is much improved by large doses o v ^ 

He also makes a point of the possible relationship between ma ignan 


changes and dysvitaminosis A. ^ ;o ,yho 

The dermatologic aspects of vitamin C are discussed by in 

states that it exerts a regulatory action on pigment production m s 
Addison’s disease, and favorably influences chloasma it i- 

seurvy is important in dermatologic diagnosis and managemen 
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more common than is nsnally supposed; and because it may intensify tlie hemor- 
rhagic teiulcney of any existing eruption.*' 

Scarborougli'' believes tlie lieinorrbage of vitamin C deficiency to be ecchy- 
raotic or deep in muscles and tissues in contrast to that of vitamin P deficiency, 
which is petechial and circumpilav. Gon'ie" has snceessfully treated purpura 
hemorrhagica following neoarspbcnaminc with vitamin P (hesperidin) . Three 
cases of Henoch-Schonlein type, one of rheumatic and one of .symptomatic pirr- 
pura, were “cured” bj- Hiramatsu'’ with hesperidin. He believes, hoivever, 
the effects of vitamin P therapy arc enbaneed by vitamin C 

At one time or another vitamin D has been reported as useful, if not spe- 
cific, in almost every chronic dermatologic condition. Wise and one of us 
(M. B, S.) have stated tliat thcii' experience with vitamin D has been disap- 
pointing in the major uses for which it has been rceonimended in dermatology; 
namely, psoria.sis, acne vulgaris, and iiempbigus.'* 

The beneficial effect of vitamin E (a-tocophcrol) on amyotrophic lateral 
sclerosis, reported by Wechsler, led Bacr'“ to treat a case of dermatomyositis 
with this drug. The patient improved under this therapy, suffered a remission 
when treatment was stopped, and continued to improve with resumption of 
"•tocopherol intramuscularly. 

The role of the unsaturated fatty acids as vitamins is not clear, It is known 
that certain of these acids, such as linolcnie acid, will cure rat “acrodynia” pro- 
ducecl by pyridoxino deficiency." Linolcnie acid also exerts a vitamin A-like 
effect on nail nutrition,” although its isomer, a-clcostearic acid, is without effect. 

Gross” has shoivn that animals fed vitamin Be, together with curative 
fees of essential fatty acids, were entii'elj' protected against vitamin Bu de- 
fieiency, but slowly developed the skin lesions of the filtrate-factor deficiency 
and died from the lack of these factors. 


SUI.VONAMIDES IN DERMATOLOGY 

The history of the sulfonamides in dermatology is much like that of their 
nse m general medicine. The statement is almost warranted that sulfonamides 
are been tried on every dermatologic entity e.xcept the frank malignancies, 
na'n, and atrophies. As in other fields of medicine, sulfonamide therapy may 
' ®nid in many respects to be still in the experimental stages. There are, of 
renrse, certain well-recognized dermatologic indications where one of the 
“I'onaraides may be the therapy of choice, others where there is enough 
“lahlisbed evidence of possible benefit to justify its use, and then the vast 
of “shooting aiTows in the air” and of the “last resort” cases. 

^ It is certainly not within the scope of this paper to discuss the mode of 
’an of the sulfonamides, but the opinion may be ventured that it is probably 
oxygen metabolism of the germ itself. The reader may be 
ih *** authoritative papers on this subject.”' The selection of the drug 
sen * somewhat of a problem, some authors reporting better results in 
witli sulfapyridine than with sulfanilamide. 

is generally accepted as being the agent of choice in staphylo- 
infections and is the drug most used in topical application, either as 
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powder or as the soluble sodium salt. In our oini investigations we have found 
that sodium sulfathiazole is not a primary irritant to the skin, despite the high 
alkalinity (pH. 11:0). As a jireliminary precaution patch tests were applied 
on 35 normal skins befoi'e we used sodium sulfathiazole therapeutically as wet 
compresses and irrigations. AVe have used this salt in 5 per cent concentrations 
in ointments, in emulsions, and as compresses, employing it in infected hemo- 
static (varicose) ulcers, in impetigo, in furuncles, and in carbuncles. In the 
latter we have used a complementary oi’al dosage of 4.0 to 7.0 6ni. daily, 
trying to maintain a. blood level in excess of 2.5 mg. per cent. AVe can recom- 
mend this combination of tojiical and internal therapy for certain severe pyo- 
dermas that do not respond to the visual older measures. 

In agreement with observers in other fields of medicine, we have found 
that, in general, it may be .stated that the more acute the dermatosis, the 
better the results with sulfonamide therapy. Either sulfanilamide or sulfa- 
pyridine has been reported to be definitely useful in the following deimato- 
logic conditions, among others: (1) streptococcic cellulitis and lymphangitis, 
(2) streptococcic ulcers ; (3) erysipelas; (4) erythema multiforme (sometipes), 
(5) chancroid; (6) lymphogranuloma venereum; (7) .subacute discoid t>pe o 
lupus erythematosus. There have been many interesting reports of furthei uses 
of sulfonamides in isolated cases or in too .short a series to he eonclushe eii 
dence for general acee])tanee. Andenson^’ and Abramowitz^- repoit cuies o 
patients with acute disseminated lupus erythematosus. Glyn-Hughes an 
Spence®^ report a series of 12 patients with lupus erythematosus in 
gave favorable responses and six wei’e cured with sulfapyridine. On t le « 
hand, AA'ile and Holman^'* reiiort di.scouraging results with sulfonami e 
acute disseminated lupus erythematosus. 

Dobson^^ believes sulfanilamide a valuable adjunct in 
actinomycosis. Sehoch and Shelmire'’® I’eport success with sulfanilann e m 
treatment of erysipeloid of Rosenbach. . 

Good initial results in dermatitis lierpetiformis and sycosis vulga 
seldom been maintained. . 

It is almost an impertinence here to discuss the general systemic 
symptoms of the toxicity of the sulfonamides, since they have 
described and so accurately detailed. The cutaneous reactions usua 
the well-known morbilliform eruptions and the less knovn (jerina- 

photosensitivity, erythema mv.ltiforme-lilce and erythema nodosmn^ pnvpura. 
toses, scarlatiniform emptions, fixed eruptions, stomatitis, many ia- 

varioliform eruptions, and exfoliative dermatitis.®' Sulfathiazo e or 

stances presents a conjunctivitis or “pink eye” which may 'c gen- 

even the only — manifestation of intolerance. Baer states he eruption-’’ 

eralization in two patients with psoriasis following a sulfonam^^ injury 
He believes this to be due to a Koebner phenomenon at the si e j.gference to 
due to the eruption. This observation is well to keep in nun undergoing 

other photosensitizing agents that may' be ingested by psoiia 
ultraviolet light treatments. 
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IIOEMONAIi THERAPY (ENDOCRINOLOGIC THERAPY) 

The present enthusiasm for endorrinc tlicrapy is on a par witli that for the 
sulfonamides and vitamiiLS. jrany litere of csttogcuic suhstanccx and of niitcrior- 
j)itnitari]-liJiC suhstmiccs are heing administered to women presenting various 
dermatoses at the menopause. However, speeifio treatment with estrogens in 
dermatology is almo.st limited to senile pruritus and kraurosis in the female. 

' As early as 1935 Davis-” reported good rc.sults with suppositories of 75 R.U. 
1 of aiimiotin (Squihh) in kraurosis. Reeenll.v stilhesterol lias been reported to he 
highly effective when given by mouth in doses ranging from 0.1 to 1 0 mg. daily ; 
or, topically, in ointments containing 10 to 20 mg. per ounce." (In the waj' 
of non-endocrinologic treatment Saville** claims excellent results in both simple 
Icttcoplakia and kraurosis with diathermy, using a belt about the hips or a pubic 
plate and an all-metal electrode high in the va.gina. Relief is obtained in four 
to fifteen treatments, using the faetoi-s fifteen minutes and 0.7 to 1.5 amperes.) 

■ Lane’= reports the clearing of an oral Icticoplal.ia in two imtients by use of 
, estradiol. 

I Fotliciilin has been advised in alopecia for both men and women. 1'esfo- 
j Jfcroiic is known to grow hair, sometimes on face and chest, to the embarrassment 
1 of young women. IVe have recently seen .several cases of young women treated 
I tnth testosterone for menorrhagia who presented new growth of hair on face 
I tmd body, deepening of voice, and a deep pustular neneform eruption, most 
: narked on borders of the face. Jtorcover, in patients with a tendency to acne, 
j Of even in those witli only mild seborrheic habitus, many of the androgenic 
I hormones will quite regularly produce acne, Tlic same remark applies to 
j funuchs or eunuchoid persons receiving androgens.” Jlany of the androgen 
acnes we have observed have cleared up promptly upon withdrawal of the hor- 
I tnonal therapy (in a few days to weeks). However, a few cases have perskted 
^ for viany months despite the stopping of the hormonal administration and the 
'<SMl anti-acne therapy. 

Feldman** states that six patients with generalized senile pruritus were 
'“fed by injections of 5 to 15 ing. testosterone propriounte weekly. There are 
as.vet no reports by others to confirm this interesting and important observation. 

hrittleiiess and frialiility of nails can occasionally ho benefited by thyroid 
Iherapy, Suhclinical thyroid hypoactivity may he manifested liy no other clin- 
signs than mild dryness of tlic skin and hair, or Ijrittleness of the nails. In 
““f experience a fair number of patients with acne vulgaris or witli atopic 
‘riMtitis will respond favorably to thyroid medication even though the basal 
’"dabolic rate is within tlie so-called normal limits. 

ANTISYPHILITIC THERAPY 

^ fn our opinion the outstanding advance in antisypliilitic treatment is the 
iiw in early syphilis by some of tlie newer mctliods, includ- 

I'pl intravenous drip method." The idea of Sterilisatio jMagna 

fokt "■as carried on in the experiments of Linser*' and 

'her.*f modern study, begun by Chargin, Leifer, and Hymian in 1932,*' 
masterpiece of painstaking basic preliminary work and careful clinical and 
‘’‘■“iory observation during tlie treatment. Tlie conservative eonclLi.sions 
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expressed by the whole group at this time are characteristic of the traly sci- 
entific attitude of the workers. The original article'”' is on the “must list” for 
anyone even remotely interested in syphilis or serology, lllucli of the data con- 
cerning serologic comparisons and interpretations has not as yet lieen published, 
and will, undoubtedly, of itself he an important contribution. It is impossible 
to summarize this work since the original report is, indeed, a summary. Certain 
conclusions regarding the pos.sihle advantages of the massive intracutancous 
drip method may, however, be safely stated: (1) Ulore patients who began 
treatment are cured than with the intermittent treatment (during which so 
many patients disappear as soon as rendered asymptomatic, only to develop later 
the well-known serious aftermaths of insufficient therapy). (2) The method, when 
mapharsen is employed, is as safe, or almost as safe, as the intermittent treat- 
ment in early syphilis. (3) Nitritoid reactions have been almost proved to be 
a “speed shock’’ phenomenon and arc not .seen in this procedure. (4) Hlaphar- 
sen, as previously believed, has proved efficacious and less toxic than neoarsphena- 
mine. (5) No major dermatitides were seen with mapharsen. (6) Serious mani- 
festations of toxicity occur with neoarsphenamine — hemorrhagic encephalitis, 
peripheral neuritis, hepatitis. (7) Relapses do occur. (8) Tlie late results, 
including both those due to the syphilis itself and to massive dose arsenic tlier- 
apj’-, are not yet known. (9) It is, as yet, onlj^ an experiment, hut nevertheless, 
an intensel 3 ’' interesting and v'aluable one. 


However, as one of us (M. B. S.) has previoush’’ stated: “It is, for exam- 
ple, not yet knomi ivhetlicr mapharsen could not he given several times dail.i 
by means of small syringes with effects equivalent to those obtained when t te 
same dose is given by" continuous drip. ’ ’■'® At present it appears to us proba c 
that the results olitained with mapharsen in tlie intrav'enous drip may be ue 
not so much to the beneficial effects of the slow drip method, as to a piei'ioiW !/ 
unrecognized lack of toxicity or hroad thei'apcntic index of mapho sen lise J 
man. If this theory proves true, one should be able to give daily' laige 
mapharsen in ambulatory patients, xvitli small sjTingcs and wdthout tie 
culties and expense of hospitalization and drip administration. ^ ^ 

Very recent studies, particularly^ those of Schoeh and 
collaborators, support the statement just quoted from the Year Boo * am 
present opinion. For these investigators hav'e now treated over 40 pa len 
early sj^philis with daily doses of 0.13 Gm. of mapharsen. Each ^ 
rapidly in 10 c.c. of water with a small syi’inge. Tire patients all 
tory, all continued with their occupations; none ^ aie 

toward effects or untoward reactions. In this as yet small series tie 
most promising. The disappeai’ance of the syphilitic manifestations 
reversal of the serologic reactions were fully as good as with the np 


A further advance in antisy'philitic therapy is the introduction 
sohisminolf’'^ which can be given orally (as well as by injection; 
compares favorabty in its action with injectable bismuth depot 

ever, the bismuth in this form of medication is eliminated ^ clinical 

or constant source of absorption is established with sobismino , 
relapse has been reported on its substitution for injectable nsmu 


of the drug 
■ally 
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report it has seemed to have an especially beneficial influence in patients with 
late neiirosyphilis of the tabetic type.®* This benefit apparently regresses ^vith 
cessation of treatment, but the drug can be given for months without signs of 
cumulative effects. This does not mean that it is without either major or minor 
toxic effects of bismutli. In our hands it has been used with gratifying results 
in two patients with lupus erythematosus, and in one patient with lichen planus. 
Other authors have reported similar good results. 

The discovery by Cole, De Oreo, Driver, Johnson, and Schwartz®* repre- 
sents not only a great therapeutic advance but a singularly fascinating subject 
for further theoretical and practical studies. These observers found that cer- 
tain bismuth salts, particularly thiohismol, control the bouts of therapeutic 
malaria in the most effective manner. By controlled administration the patient 
can be kept free of fever and paroxysms whenever desired, and by stopping the 
drug the paroxysms can be allowed to recur whenever indicated. In other 
words, the bismuth salt keeps the patient free of malarial attacks but does not 
destroy the infesting plasmodia, or at least not to such a degree as to eliminate 
the disease; so that, after the desired interruption, the malarial treatment can 
be resumed without the necessity of a rcinoculation. The theoretic interest as 
well as the practical advantages of this discovery arc both great and obvious. 

Saenz, Triana, and Armentcros” have discovered in pinia patients a spiro- 
chete morphologically identical to the S, pallida and S. pertenms. This disease 
has long been known to possess most of the serologic characteristics of syphilis 
and the discoveiy reawakens or intensifies the interest in the study of cross 
immunity between syphilis, frambesia, and pinta. It is tlie ambition of every 
dermatosyphilologist to find an innocuous disease which will give a cross im- 
munity to syphilis, paralleling that achieved in smallpox with cowpox virus 
(vaccine). However, little is as yet known about the immunologic relationships 
or the effects of extracts of microorganisms and of attenuation procedures in 
various human spirochetoses. 

A promising aid in antisyphilitic therapy is embodied in the report by 
^lacKee and Astraehan®® of the mitigating influence of whole crude liver extract 
an the erytlirodermas incident to antisyphilitic treatment. It was even found 
Ihat certain individuals could continue receiving cautiously administered arsen- 
1*^31 treatment after a major arsenical dermatitis if crude liver extract were given 
mtramuscularly. Tliis report represents a confirmation of, and an addition to, 
^ ^ findings of Genner®’’ and others. 

believe the combination of a titered Kolmer, Wassermann, and Kline 
mpiostic and exclusion tests arc sufficient, in almost every instance, for sero- 
diagnostic purposes and for evaluation of treatment results. The Laughlen 
the three-minute serum inactivation modification,®® may be valuable 

Pvetransfusion tests.*^ 


MISCELLANEOU.S therapy and PROPHYLAXIS 


tao ^ ^'^^ent work on poison ivy dermatitis assumes tremendous added impor- 
considered in connection n-ith the defense program. A majority of 

Drenarpa frnm sniroclietes. as developed by Ga.ehtgcns and reported bj 
(Abstract. ^Year°Book**of Denhat. and Syph.. p. 733, 1941) may prove a 
ce m diagnostic serologic tests for syphilis. 
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the military trainees are likely to be “ivy sensitive,” and to he exposed this 
summer. Shelmire^® has found that the dermatitis-producing excitant is not an 
oil, but a dialyzable fraction of the olcoresin, soluble in water and in urine. 
He also reports that the excitant is not carried in smoke, as previously helieved. 
A large and comprehensive study of oral densensitizaiion is now being carried 
out on a nation-wide scale, due to Shclmire’s experiments in oral prophylaxis, 
w'hich represent an extension and modification of the older work of Jay Scham- 
berg, Strielder, and others. 


Schwartz and AVarren"® have developed and advocated the use of a sadmn 
pcrborufc-contnininr] cream for the prevention of poison ivy dermatitis. While 
these authors submit observations supporting the efficacy of the cream, Shelmire, 
on the other hand, presents experiments tending to show its lack of eifectivc 
protection.®’ The value of this cream is, therefore, still awaiting the final Judg- 
ment of practical I'csults on large series of exposed persons. 

The treatment of chronic iilcers with zme peroxide paste or mass is a valu- 
able and relatively' recent tlierapeutie measure. Rigid attention to selection of 
the powder — since not all zinc peroxide is active — ^preparation of the ‘ mass 
and of its application must all be observed. An excellent presentation^ of the 
rationale and technique is found in the paper of Meleney and Harvey. ' 

AVe have found application of the Aloe vera leaf.®’ alva .gd “ 
allantoin ointment effective in some chronic ulcers, especially the use of the ea 
in some of the ulcers following radiodermatitis. 

Pliofilm mitts and sheets arc useful in retaining wet dressings of all tj pes. 

The development of a refined test material (Lijgrannm) for the 
of lymphogranuloma venereum (lyunphopathica venerea) by the me lo 
Rake, McKee, and Shaffer,®® promises to be a notable advance. In 1 
cedure the yolk sac of the chick embryo is inoculated, and a practica } P 
and highly concentrated test material is obtained. AVe suggest tliat tie 
test, with original human material, and tests with this new mateim, , 
formed in parallel and in a comparative manner in a large series of ° ^2) 
acute and chronic, suppurative and nonsuppurative inguinal ac eni is^ 
acute and chronic proctitis; (3) fistulas of rectum and genitals; ( ) 
chronic ulceration of the genitals; (51 localized elephantiasis. 

Semon and Hermann®' report improvement in acne v\dgans ni^ 
and women following the administration of cither protamine zinc 
hmdin. Dosage was usually 5 to 15 U. tliroc times weekly, given 
adjuvant treatment. Exacerbations occurred upon ce.ssation of insiilin 

improvement began within forty-eight hours of its resumption. 
therapy sprang from observations of the lag in sugar tolerance udiifcr- 

patients. The authors state it is impossible, at the present 
entiate bet-ween metabolic vagaries and disturbance of hormona ^g^gging 

A recent innovation in the treatment of intractable m ]?.’”')• 

of the anal area with red sulfide of mercuiy (Hollander, E. 


Good results are reported in the majority^ of cases. 

The use of triehophytin in erysipelas-like infections 
matophytosis of the feet, as advocated by Sulzberger, Ros en »> 


with del’" 
Jr., 
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Goetze,®'' is worth trying. Individuals in whom a favorable response is expected 
are those showing an immediate tvheal reaction to intracutaneous test. The 
dose is 0.1 c.e. of the usual 1 :30 dilution given intracutaneously at five- to 
seven-day intervals. 

The work of Becker’" and others with Hpocaic (Dragstet and co-workers), 
althougli aj)parently productive of no lasting results in psoriaMs, is extremely 
interesting. The substance is a neutral, insulin-free and fat-free alcoholic 
e.xtract of pancreas which apparently has selective ])ower of converting some 
fats to glucose. 

Conrad, Conrad, IMapothcr, and Weiss’* report tlie use of bismarsen as a 
valuable addition to the therapy of lichen }>lanus; 0.1 (Jm. given intramuscularly 
twice weekly exerted a favorable influencii on the ordinarily refractory lesions 
of the mouth, of the penis, and of the hypertrophic type Vitamin C should be 
administered while tlic bismarsen is being given. 

In closing, it may be appropriate to give some direct advice from Becker:’” 
“Therapy consists, first of all, in removing ]>rccipitating factors, social and 
environmental; secondly, in relieving the underlying in.stability and exhaastion ; 
and thirdly, in application of orthodox mca.sures.” 

The principles enumoratod arc not only good but are long established. 
However, there is much room for discussion regarding the order in whicli Becker 
here mentions these principles. If the order of mention is to l)e that of relative 
importance, this will depend not only upon the training, viewpoint, and inolina- 
hon of the physician, l)ut also upon the particular constellation of circum- 
stances hearing upon the particular ca.se at the particular moment. 
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CLINICAL AND EXPERIMENTAL 


THE EFFECT OF THE SUBCUTANEOUS ADMINISTRATION OF 
PROTAMINE (SALMINE) TO RABBITS AND IMICE* 


Ilmari Vartiainek, M.D., and Alexander jMarble, M.D. 
Boston, JIass. 


F ollowing the announcement of Hagedorn’ in 1935 that the addition of 
protamine greatly prolongs the action of insulin, this substance has been nsed 
widely as a constituent of protamine insulin and protamine zinc insulin. If 
used in small doses, protamine apparently has no deleterious effect upon the 
organism. However, since over a period of years many diabetic patients take 
relatively large quantities of insulin, the question has arisen as to hov large 
amounts of protamine insulin can be given safely. 

Forty years ago Thompson,- working in KosselV laboratory, reported the 
results obtained when protamine was injected intravenously into narcotize OoS. 
He found that a dose of clupeine (originally regarded as chemically i 
with salmine) greater than 15 to 18 mg. per kilogram could not be ghen rri oi^ 
causing death of the animal. Following the injection of protamine a de m e an 
relatively prompt fall of the blood pressure took place. After a nonfata 
blood pressure regained the normal level in twenty-five to thirty minutes, 
taneous with the fall in the blood pressure after a nonfatal dose, the lespira 
at first became increased in rate and depth; then followed a peiiod o 
finally gradual resumption of normal breathing. It was noteworthy 
that active thoracic breathing was absent as long as the effect of the 
lasted. In addition to the effects upon the blood pressure and the 
Thompson noted delayed clotting of the blood and a diminution in t le n 


lanestliefizecl 


cireulating leucocytes. 

JappellF in 1933 repeated Thompson’s experiments in nna 
animals. Doses of salmine of 20 mg. per kilogram of animal .gsgare. ^ 
dyspnea, salivation, diarrhea, and a drop in the arterial blooc 
second dose caused a further drop in arterial pressure, and a urc 
(vasomotor paralysis). _ _ . to 300 Gni. 

According to Walther and Ammon,'^ three guinea pigs ° " in m" of 
bodv -weight survived tivo intraperitoneal injections eacu u 

' following intracardial injections of 


protamine. They died, ho-wever, 

■weeks later. 

•Prom the George P. Baker Clinic, Elliott P. Joslin, M.D., Medical Directo . 
Deaconess Hospital, Boston. mvernment. 

Dr. Vi^artiainen was the holder of a fellowship of the Pinnisn e. 

Received for publication, April 24, 1940. 
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Because in the literature there arc no data regarding the toxicity of pro- 
tamine when given subcutaneously, wc have deferniiiied tlie letiiai dose for mice 
and rabbits and have studied the signs and symptoms whicli follow the admin- 
istration of large amounts. 

RESULTS 

Lethal Doses . — ^Thc lethal dose following subcutaneous injection was de- 
termined in 40 mice and 23 rabbits. 

Female mice weighing from 12.0 to 33.5 (Im. were used Food and water 
were withheld during the first twelve hours after the administration of pro- 
tamine, but were allowed before and after that time. The neutralized protamine* 
was given snbentaneously in 1 per cent cojicentration in a phy.siologic solution 
of sodium chloride. The behavior of the animals w’as observed for five days 
after the injections. 

As may be seen in Table I, the average or median lethal dose of protamine 
in our e.\periment5 was about 250 nig. per kilogram of animal. All deaths 
occurred within one liour after injection. 

Table I 


ilORTALlTV OF JIlCE AFTER A SINGLE SUBCUTANEOUS INJECTION OF PROTAMINE (SAIiMINE) 


W8E PER KO. ANIMAL 

(MO.) 

NUMBER OF MICE 

TESTED 

NUMBER OP MICE 
DYING 

TlilE OF DEATH AFTER 
INJECTION (MIN.) 

400 

2 

o 


300 

10 

8 

19-55 

2o0 

10 


23-CO 

200 

10 

1 

40 

100 

4 

0 


50 

0 

fi 


25 

o 

0 



Table II 

itORTALlTY OF RabBITS AftER A SINGLE SUBCUTANEOUS INJECTION OF PROTAMINE (SALMINE) 


“a® PER KO. ANIMAL ~ 
(UG.) 

NUMBER OF RABBITS 
TE.STEP 

NUMBER OF RABBITS 
DYING 

TIME OF DEATH AFTER 
INJECTION (HR.) 

600 

o 

o 

4-10 

300 



8-10 

200 



5-12 

100 

4 

0 


50 




25 

o 

0 



Male rabbits weighing 1,180 to 2,760 Gm. and fasted twenty-four hours 
No food or water was allowed during the first twelve hours after 
protamine. Tlie behavior of the animals was observed during the 
^ five days. The protamine was injected in 10 per cent concentration in 
ysiologic solution of sodium chloride. Before injection these preparations 
re Warmed to about body t 07 nperafurc in order to diminish the turbidity which 
-iiP|;ascnt in the cold. 

used was salmlne (Lot No. 961271) prepared by Eli Lilly & Co.. Indian- 
urnished to us without cost. 
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The median lethal dose of salminc injected subcutaneously seemed to be 
essentially the same in rabbits as in mice (Table II), being between 200 and 
300 mg. per kilogram of animal (a dose of 250 mg. per kilogram was not used 
with the rabbits). However, the results were not as uniform as in the mouse 
experiments ; it is possible that this may have depended upon the more delayed 
and uneven absorption of protamine when injected in 10 per cent, rather than 
1 per cent, concentration. In contrast with the experience with mice, only one 
of the rabbits died during the first four hours after an injection. 

Signs and Symptoms Folloiving the Suheutaneous Injection of Large 
Amounts of Protamine. — One of the most striking early signs noted following the 
subcutaneous injection of salmine was the dilatation of superficial blood vessels, 
as seen particularly in the ears of rabbits. This was first observed usually fifteen 
to tw'enty minutes after an injection and reached its maximal intensity thirty 
to ninety minutes after tlie injection. Although barel.y demonstrable after the 
smaller doses used (50 to 100 mg. per kilogram), it was marked after thelargei 
doses. The large ears of white New Zealand rabbits became warm and strik- 
ingly bluish red. 

Beginning with the third hour after injection, there appeared in some 
animals certain signs of blood vessel damage, especially after doses larger than 
200 mg. per kilogram. Thus pressure upon the ear with the finger tips P’’° 
blanching which persisted for an umisually long time. The prominence ° 
feature depended somewhat upon the degree of dilatation of the super cia 
blood vessels at the time pressure was applied. In a few cases there was o 
seen at about the fourth hour following injection a marked edema o t le cars 


which remained visible the following day. 

In most of the fatal cases the rabbits had marked respiratory 
beginning one to two hours after the injection. Breathing became very a 
and slower than normal. Sometimes rales could be heard, suggesting 
edema. At this stage the animals often assumed a position of ^ 
with the nose lifted up and the ears directed along the back. e of a 

position was maintained bj^ supporting the chin on a base, as on t e ® ^ 

basket or pan. After doses of 100 to 500 mg. per kilogram there some 
curred rigidity^ of the animal, which reached a maximum in the / ^ ° 
hour after injection, and occasionally'^ could still be seen the follomnn 

Following doses of from 50 mg. per kilogram and more, the j^^gg 

to suffer from marked malaise between the first to fifth houis an 


doses this persisted even longer. definite in- 

Between the second and sixth hours many rabbits showed a 
crease in the output of urine ; this was usually'’ very light and c ear. ^ 
occasionally reduced Benedict’s solution but to no greater exten ^j^^dne, 
per cent glucose. During a period in which rabbit P16 ( o®® ^obtained for 
200 mg. per kilogram) liad marked hy^perglyeemia, no urine gud 

sugar determinations. Rabbits P22 and P25 (dose of kidne.vs at 

200 mg. per kilogram, respectively), showing marked changes m poj.ptiscles, 
post mortem, had in the urine albumin, granular casts, le 
w'hite blood cells, and epithelial cells. 
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One of the rabbits (P25) developed, after the fifth hour following injec- 
tion, paralysis of left antoi'ioz" and right posterior limbs. 

Some of the animals showed between the first and third hour the frequent 
defecation of a moist mucous fecal mass. 


In a group of eight rabbits the changes in body temperature after tk 
injection of pi'otamine were studied by hourly rectal measurements. The largest 
doses used in tlicse expei’iments, 200 mg. per kilogram, caused a marked fall 
of bod.y temperature witliin two Jiours after the injection of protamine. After 
that, the temperature rose again, I’caehing levels above normal. Even the smaller 
doses (25 to 100 mg, per kilogram) bad a similar effect, that of 25 mg. per 
kilogram being very slight. 

The blood sugar, studied in the same eight rabbits, showed marked altera- 
tions (samples of 0.1 c.c. ivei'e taken from a marginal ear vein, and the sugar 
content rvas determined according to the metliod of Polin and Malmros®). Dui- 
ing tlic first two liours the I'alues were increased, showing a maximum nsualb 
at one liour after tlie injection of protamine. During a second rise, wliicli began 
usually in the third hour, one of the animals (P16) had premortal values as 
high as 372 mg. per 100 e.c. 

The symptoms in mice after injections of protamine corresponded to those 
in rabbits, although they were more difficult to follow accurately. After a osc 
of 200 to 400 mg. per kilogram of animal, all the surviving mice seemed reij i 
during tlie first one to five liours. Six animals were opisthotonic about ten o 
fifty minutes after the injection. Many mice liad marked rigidity of the lo } 
about one Jiour after the injection. Some of the animals had clonic convu sions 
a sliort time before death ; others died with the body flaccid. 

After a dose of 50 to 100 mg. per Idlogram of animal, the mice seeme t^ 
suffer malaise for a few hours. The smallest dose of 25 mg. per kilogram seem 
to have no effect upon the animals. 

Post-mortem Findings .^' — The most striking and constant finding on 
inatioii of tlie rabbits ivhicli died wei'e liemorrhages in the thymus g an - 
varied in extent from areas of pin-point size to massive involvement o 
The extent of tlie hemorrhages did not seem to depend 
of the dose of protamine used, although all animals dyinghad receive 
large amounts. The lungs shoived many pleural and 
rhages of varying size, and frequently there was bloody foam in the 
bronchi. The changes in the lungs seemed to parallel 
in the thymus. The kidneys showed cortical and subcortical foci o 
and necrosis, suggesting infarcts, from pin-point size to 5 mm. In showed 
constant findings were in the lungs, which ivere edematous an o 
tiny points of Jiemorrhage on the surface. Hemorrhages were note a 


surface of the thymus and adrenal glands. 

Alicroseopie study of the tissues confirmed the findings mu 
examination. In addition, the liver showed some degree of foca^ f ^lyead witli 
poljmiorphoituelear infiltration ; in one instance the process was wi cs 

•The necropsies repoi-ted in this paper were cap-iefl 
death of the animals. Tissues were ptaced in formalin or ZenUer s fl 
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involvement of about half of the liver tissue in the sections examined. Degenera- 
tion of the tubular epithelium of the kidney with many hyaline cast.s in the 
tubules was seen. In one rabbit a small area of focal neerosi.s witli polymorpho- 
nuclear infiltration was seen in one adrenal gland. 


DISCUSSION 

The data presented in this paper demonstrate that protamine (salmine) is 
definitely toxic when given subcutaneously in large amounts. However, tiic doses 
required for the appearance of abnormal signs arc relatively enormous. 

A dose of protamine zinc insulin of 100 units is from two to three times as 
great as that used daily by a patient with diabetes of moderate severity. Ac- 
cording to present standards, 1.25 mg. of protamine arc contained in each 100 
units of prolamine zinc insulin. Dor a patient weighing 65 kg. tins would repre- 
sent roughly 0.02 mg. per kilogram, or about ijonoo the minimal letlial dose as 
established in our work for mice and rabbits, h’m'tliermore. the tendency to 
toxic effect probably is lessoned because of the tolerance gradually set up by 
Ibe daily subcutaneous administration. At any rate, in an extensive use of 
inotaimiie-eontnining insulin in hundreds of cases of diabetes treated since 
1335 at the George D. Baker Clinic, no harmful ciTccts have been ob.scrved 
^'liich could be attributed to the jirotamine per so. Local res])onses consisting 
of rednes.s, swelling, heat, soreness, and itching at the site of injection are fre- 
i|ucntly seen, but even these effects usually become less and disappear after 
■tijeetions have been continued for several clays or at the most, a few weeks. 

Although we have regarded these local responses to protamine zinc insulin 
Os allergic in nature, ICern and Langncr’ doubt this lieeause they obtained nega- 
h^e intracutaneous reactions with a protamine solution in 304 diabetic patients 
treated with protamine zinc insulin. Tlicy quote Taylor'’ and AVells^ to the 
'Effect that protamines have no antigenic properties; fnrtliormore, they were 
tiuoble to induce sensitivity to protamine in four guinea pigs. 

la an article already mentioned, AValtlicr and Ammon° interpret the death 
» three guinea pigs, each of wliich xvas given Uvo parenteral injections of pro- 
oiiiiiiG four weeks apart, as due to anaphylactic shock. It is possible that the 
otalities observed by "Walther and Ammon occurred on a purely toxic, rather 
an basis. "Walther and Ammon gave as their second or “shocking” 

35 mg. of protamine to a guinea pig weighing 250 to 300 mg., or approxi- 
115 to 140 mg. per kilogram. Although this is somewhat below the 
lan lethal dose which we found in mice and rabbits after subcutaneous admin- 
' nevertheless, it is a large dose and mav have been more effective, given 
'"t^-fis.intraeardially. 

pr ‘^'‘^nts which are observed to follow the injection of large amounts of 
are ^'^^***^ I’abbits and mice, together with the pathologic findings, probably 
j resembling in many respects those seen after the parenteral in- 

various foreign sulistanees, including proteins. To some extent our 
those observed by Selye'® following sublethal doses of various 
^'^^^niinc, adrenalin, atropine, morphine, and formaldehyde. The 

^ ^‘^‘'letion” produced is considered bv Solve to represent simply the re- 
^I'otise oF til/. „ . 

uie organism to a damaging stimulus. 
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SUMMARY 

1. The effect of the subcutaneous aclniinistration of large amounts of 
pi'otaniine (salinine) to 40 mice and 23 rabbits was studied. 

2. The median lethal dose was found to be about 200 to 300 mg. per kilogram 
liody weight. 

3. The SYinptoms and signs produced by the injection of protamine consi.ste(l 
of respiratory distress, muscular rigidity, and opisthotonos, marked malaise, 
polyuria, fall in body temperature followed by a rise, and hyperglycemia. Dila- 
tation of superficial blood vessels rvith .some evidence of damage was noted. 

4. Post-mortem examination of animals dying as the result of an injection 
of protamine showed signs of vascular damage with hemorrhages into the 
tliymus, lungs, and kidne.ys. Other findings included infai’cts in the kidne.vs, 
acute toxic changes in the kidney tubules, and focal necrosis of the liver. 

5. It is concluded that the amount of protamine contained in insulin u-sed 
in the treatment of diabetes represents .so small a fraction of that found harmful 
to rabbits and mice that the possibility of its lieing a hazard is remote. 
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PKELUIINARY OBSEKVATIONS ON LOWIi)inN(i OF BODY 
TEjMPEBATUBES*'- 


Samuel B. Nuzie, jM.D., and S. Leoxaud Nuzie, B.A. 
jMaTTOOX, iLIi. 


With the Assistance of Wiijaxm E. Stkjkks 


UQROFOUND ol)livion midway helwooii sleop and doatli” may lu' poetic* olo- 
i qucnce, yet it expresses the intermediate stages of l(‘lharii> rcsullinj^ from 
the associated efforts of sedation and refrij'eral mn. The lowering of body 
temperature to approximately 20° F. in the dog by artificial means simulates 
natural hibernation in the upper strata of mammals. 

The following report will endeavor to pielure tlie physiological events occur- 
I'ing with metabolism at its apparently lowest el)b. and yet this ebb is com- 
patil)Ie with life. To achieve this end, which others have suggested to l)e a 
palliative consideration for generalized cancer disease, a teclinniue revolving 
around the simjile idea of electrical refrigeration was employed 

In order to produce this lowered body temperature in a controlled manner, 
a cabinet cooled by electrical refrigeration was devised. This consisted of a 
rectangular wooden box insulated with several layers of cork. A swinging door, 
likewise insulated, w'as arranged to allow for free access to the interior, which 
lucasui'cd 24 hy 12 by 12 inches. The cabinet lay on its long side, facilitating 
such matters as laying the animal in a comfortable position and placing the 
necessary recording instruments. A metal shelf upon which the dog rested 
set G inches from the floor of the cabinet, thus assuring sufficieni byways 
and highways for the proper physics of refrigeration From tlie coiling of the 
box were suspended coils connected to the compro.ssor, thereby completing the 
r^igerating system. In the ceiling and the floor were two one-inch vents, 
sohing the problem of aeration for the animal. Emerging from the top of the 
tahinet, closely situated to the corners, were outlets just large enough to permit 
Ike exits of a i/^ ineli rubber tube for the intravenous anesthetic, a capillary 
h'he from the rectal thermometer, a tube from the cabinet thermomctci, a 
*«ke from the interior to the humidistat, a tube from the pneumograpli to its 
Jianometer, a tube from the femoral artery to its inilsometcr, and two metal 
the coils to the compressor unit. 

I^ehiiid, and on the .same stand with the cabinet, was placed the Vi If* I*- 
^ompressor unit capable of 2,000 B.T.U.’s. Difluorodichloromcthane was used 
or the refrigerant. This unit was capable of lowering the temperature of the 
''tcrior of the cabinet (no animal) from 69° F. (room temperature) to .32 F. 
!!^!:!,oiglity minutes. 

ilattoon Polyclinic. Alattoon 
'^^'I'otl for puhlicatlon, Mav 3. J040. 
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Anesthesia of the dogs was produced and maintained by eontinnous intra- 
venous gravity (drop) method with a 0.5 per cent solution of pentothal sodium. 
This was given in all eases. 

Tlie dogs used were very much alike in type, weighing about 15 pounds. 
For obvious reasons, they were chosen for their short hair. 



Chart 1. — Botly temperature and cabinet temperature. 


The actual experiment was conducted in tlie following mannei . ns , a 
V 2 inch No. 18 needle was inserted into the rigid ceplialic vein and eonnec 
to the adapter of the intravenous apparatus. Sixty di’ops per minute me uc^‘^ 
tlie animal within ten minutes to the stage of insensibility. The dog 
placed upon the metal shelf so that it lay on its right side with its 
outward. The pneumograph was connected around the lowest pait 0 le e 


The inilsograph was taped to the left femoral artery. 


The thermometer was 


inserted deeply into the rectum, the tail was allowed to drop down bet\ 


legs and fastened in this fashion to secure a iiermanent position 


of the rectal 


thermometer. Everything was in readiness for the actual cooling a 

set of readings of the pulse, respiration, temperature of the anima , era 

of the room, and the humidity was recorded. 

Fifteen dogs ivere submitted to refrigeration under To 

in the early experiments due to an overdosage of the pentot la s 

study the effect of insulin and metrazol on the lowered body ^poipcr- 

other animals ivere sacrificed. Both injections were made ivhen t 

atures were below 80° P. The observations made thereof were e.x 1 

. m).p remaniing n “ - 

and consequently, were not considered in this report. ^ eondilk”- 

passed through the experiments and apparently returned to a i„ a 

Two days after completion of the experiments they weie oisen 
normal state of health. .era"e of oH 

The observations considered in this report are based on gj.g ne.?!’" 

the findings in these experiments, since variations from t le at ^ 
giblo. For the sake of consistency, tlie same assistants leeoi 
No untoward symptoms were encountered. No comphea 10 ns 
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After the cooling apparatus was put into operation, readings were taken 
every fifteen minutes, however, now supplemented by tlie cabinet temperature. 

Chart 1 contains changes of body temperature as compared witli tlie cabinet 
temperature. From an apparent normal body temperature of 100.8° F., the 
temperature dropped continuously with refrigeration. TIic lowe.st recorded 
body temperature was 79.5° F. whereas, at the same time, tlie cabinet tempera- 
ture was 44° F. It was interesting to note that tlie cabinet temperature had 
to drop to 32° F. to make the “lioldover” to carry on tlie lowering process. 
At this point the compressor was stopped, and a.s was expected, the body 
temperature gradually rose along with the cabinet temperature. 



Chart 2. Chart 3 

Chart 2 — Time for body tenipeiature to reach lowest point 
hart 3. — Respiration and body temperature 


Chart 2 elaborates the changes of body temperature as compared with the 
‘'“I'dred to make these cliangcs. TIic Vi H.P. compressor unit required 
hours to lower the body tempemture from normal to 79.5° F. This time 
th^b^^ striking as compared to the more than eleven hours necessitated for 
® cdy temperature to return to normal. 


th ^ illustrates that respiration which decreased witli the lowering of 

, temperature was a more sensitive physiologic sign for judging the 

"S s condition than the pulse. Unlike Charts 1 and 2, Cliart 3 is marked 
jI absence of a “straight” curve hy being spotted with a number of fiuctua- 
es. Tile significance lies in the fact that respirations decreased to three per 
ei'to witli the body temperature at 79.5° F. 

^ Chart 4 compares tlie pulse changes with those of tlie body temperature. 
teJ I "’“'■J'sually dropped along with the latter. When the body temperature 
?'slcicd 79.5° p., the number of recorded pulsations per minute was 60. 
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However, the changes of the pulse rate did not occur as acutely as did the 
respiratoiy rate. 

Chart 5, probably not as significant as the other charts, demonstrates the 
changes in humidity of tlie cabinet as related to the liody temperature. The 
luimidity rose as the body temperature fell. 



Chart 4. — Pul.se rate and body temperature. 

Chart 5. — Humidity of cabinet and body temperature. 


SUMMARY 

The convenient method of lowering body temperature of clogs 
of an electrical refrigeration unit has been described. The phj sio 
observed are : . 

1. The body temperature dropped to 79.5° F. when the interi 
temperature was 44° F. 


)!• cabinet 


2. The time required for the above was six hours. 


almost half the time 


took the dog to return to a normal temperature. , tempein' 

3. The respiration dropped to three per minute of 

ture read 79.5° F. The respiratory rate was a more le la c 

the condition of the dog than was the pulse rate. tempoi'of'^"’*^ 

4. The pulse rate dropped to 60 per minute as the 1)0 } 


dropped to 79.5° F. ^ 

5. The humidity of the interior of the cabinet was / ^ 

bodv temperature at its lowest, 79.5° F. This reading leea as a 

The humidity may have been si„i 


2 per cent with the 
lower as tnc 


body temperature increased 

nrophylaxis for pneumonia more than for its phjnsiologic • of cxpei'i- 

Detailed deductions have been withheld pending com 
ments on diseased dogs. 



ALLKRraC PNEUMONIA’ 


R.M.i’ti V, Ei>ms, and 0. A. McKini.w, 1). 
!Minnkai‘oi.is, jMixn. 


'T’lIK impoi'lniiec of tlic* lunjj: «s « shock or^ian in ailerjiic disease is now a 
^ commonplace. That true l>ronchial asthma is a manifestation due to the 
reaction of liyj)ersonsitivenoss is imivei'sally accepted. In tliis condition the 
aller^ne reaction is confined to the bronelual tree. 

A consideration of allergic pneunioiiia necessitates an entirely difTereiit 
concept. Tliat an allergic response, including the int(rs(iti<il puhnoniin/ tissues, 
Iios-sibly is involved in the produetion of tyjjical lo))ar pneumonia (pneumo- 
coccal) as well as certain types of jiulmonary tuberculosis lias long been cou- 
sidei'Cfl. 

However, an extensive pneumonitis on the basis of allergic response to 
agents other than those of infection is a relatively new and somewliat startling 
concept; namely, that tlie intcr-stitial tissue of the lung is capable of sensitiza- 
hon and of reaction to foreign sub.stanees. That this may possiiily be tlie case, 
Im^evcr, is suggested by numerous reports. Locfiler^ in 1U32 described a di.sease 
toidiich he gave the name, “riuclitigc Succedan-Infiltratc (mit Eosinojiliilicy" 
by 1930 Looffler^ liad collected a total of 51 eases, characterized by infiltrative 
processes in the lung (demonstrated by x-ray), of lencocytosis and eosinophilia. 
hi many instances other symiitoms were few or lacking entirely, sucli cases 
Wing discovered through the iirocedure of group examination for tuberculosis 
bopoi'ts of a similar condition include those of Busche,^ Wild,* Engle,' and 
beitner.*= fJravesen" in 1938 reported a case strikingly similar to the one pre- 
Hntcd in tlie following report, and suggested an allergic etiology. Ilis jiatient, 
tlic following, was receiving jirontosil medication. 

CASE RKI’ORT 

white nuile, aged 22 vears, a law >tuileiit at the Uni\ersity of Minne- 
a'lniitted to the hospital January 1039, coiiiplaiiiod of (1) frequent loose stools, (2) 
J animal tenderness, (3) headaidie, (4) chilLs and f^weats. The history of i>revious illness 
unimportant except in lelationship to the picsont complaints. In Octitbei, lO.ili, while 
ll;"r sudden on^et of diarrhea, his s-tool.- containing rod 

"‘'‘'■U'', for which he was hospitalized about six weeks. He returned to ^'chool in 
tlf' He had occasional jccurrcntes of 100*50 .stools, hut none were severe prior to 

P '>'le re^poiisihle for this adinisMon. 

teiiiperatuio <in admLssion was 100 . 0 “ F., pul-^e rate lOG, respiration, 22 . 
apj, Tliere wa.s modeiate abdominal distention with left lower quadrant teuder- 

— examination otherwise showed nothing remarkable. Proctoscopic examination 

the Students' Health Service and the Department of Medicine, University of Minne- 
for imbllcation. May 13, 1940. 

1427 


40 106 

30 105' 

20 104' 

10 I 103 

00 e 102 

90 I-IOI 
60 >*1100 
70 99 

60 96 

50 97 

46 


THE JOURNAL OF 

LABORATORY 

AND 

CLINICAL 

jilEDICINE 

16 17 18 19 20 11 

U 23 24 25 

26 27 

28 19 30 

31 Fcb.I 2 3 4 5 

~ r-f ! 1 ~ I 1 


UnHI 




i I 

Temperature " 




Hemoglobin’ ■ ■; ■ 4— "“p 


l| ^oj 

p 20 


40 106* 

30 105 

20 ^ 104 
10 I 103 

00 I 102 

90 flOl 
80 100 
70 99 

60 96 

50 97 

45 


a 9 10 11 12 13 14 15 16 n 16 19 20 21 22 23 24 23 lb V 




15 

100 

■g 

c a SO 

‘-S ® 

•f^.S 60 

6 S 

X« 40 


140 1 06' 

1 30 105 

120 
1 10 ^ 

100 S i«jA 
90 |-10l 

80 iSl 1 00 

70 99 

60 98 

50 97 

45 


16 n 18 


INI 


c i so 

60 

II 


Chart 1 










ELLTS-MC KINLAY : ALLERGIC rNEUJIONU 


1429 


by Dr. H. W. Christianson showed the bowel mucosa studded with pin-point ulcers which bled 
easily. Treatment prescribed by the proctologist included prontosil by mouth and a strep- 
tococcus* vaccine parenterally, Prontosil was administered in 15 gr. doses every six hours (60 
gr. daily) from January 25 to Jlaich 6, inclusive. 

CJifticul Course . — The illness with which this report is primarily concerned is considered 
to have started with a recrudescence of fever without other obvious new developments, and 
at a time when the colitis was showing marked improvement. The teinperatiire was moderately 
elevated on admission but became normal two days later. During the succeeding week slight 
elevations of temperature occurred not exceeding 99.4® F. On Januaiy 25, the tenth day 
following admission, prontosil medication vvas initiated, with two 15 gi. doses at G p.At. and 
10 P.M., respectively. On succeeding day.s the jiatient received four l-j gr. doses at six-hour 
intervals. On tlie evening of the eleventh hospital day (fust full day of piontosil medication) 
the temperature rose to 100,8® F., the following day to 102* F., and on the next day to 
103.S* F. Chilly sensations were inentioneil, and nonproductive cough developed No abnormal 
signs were noted on repeated plij’sical exainmations. X-ray of the chest on January 31 
(seventeenth hospital day) showed marked thickening of the pleura, especially over the left 
apex, and diffuse increa.se in the bronchovaacular markings, especially in tlie left lower lobe 
(Fig. 1). 



Piff. 1. Fie 2. 

^“'Seventh day of prontosil administration (Jan. 31. 1939). 
Fourteenth day of prontosil administration (Feb 7. 1939) 


Physical signs continued to be absent until Febiuary 7, when a few fine crepitant rales 
in the left axilla without other physical signs. X-ray at this time showed 
areas of abnormal density thioughout the left lower lobe and suggested a patchy 
on^liopneumonia (Fig. 2). Two weeks later x-ray films showed the left lung almost entirely 
appeaiance of an area of increased density on the right (Fig. 3). Crepitant 
f“edium rales were heard over the areas involved without appreciable alteration of 
^^^™itus, or breath sounds. A pleuropericardial friction rub appeared, accom- 
by .'overe precordial pain; later there was pleural friction. These .signs lasted only 
there was no efCu.sion. Temperature of an irregular type at moderate to high 
^^3 prevailed thioughout forty days (Chart 1). Rigors occuned during the height of 
rooe^is with subsequent peaks of temperature, reaching 105® P., followed by profuse 



in'+V’ Obvious change in the physl „ . , , , 

^ oxygen tent. Prontosil vvas discontinued on March 7 after forty days of ad- 



1430 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


ministration, and improvement rapidly ensued. A vaccine rvliicli liad been given linil lieeii dis- 
continued three weeks earlier. The physical signs in the chest cleared and x-ray films on 
March 25 (fifty-nine days after the onset of the pulmonary symptoms) revealed only a 
moderate increase in the bronchovascular markings. 

On the fifty-eighth hospital day the patient complained of pain in the left groin 
unaccompanied by obvious physical signs. Femoral phlebitis of low grade was suspected, 
and this diagnosis became obvious with the .development of moderate swelling of the left 
leg only after the patient was allowed to get up about three weeks later. Aside from this con- 
dition, the patient was apparently well at tiin.e of discharge, April 4, seventy-three (la)S after 
admission. 



Fig. 3. 

Pig. 3.— Twenty-first day of pronto.sil administration (Feb. It, .j-uance (Stardi 

Fig. 4. — Fortv-second day of prontosil administration and date 
7, 1939). 

There was no further contact with the patient until tlie history 

entered seliool at the University of Alinncsota. At this time the fo apparent 

was obtained; During July tlie patient took neoprontosil for a feu developed 

reason other than “general principles’’ (to use his own wouls) an without other 

fever and symptoms of hroncliltis (?). A physician was called; he no ei 
findings. “With discontinuance of jn ontosil the symptoms subsided pi on p 
amination was done at that time. ^ j. following the 

The general physical examination on January 15, Ifi-iO, exact ) on ^ 

hospital admission, was essentially negative. The Alantoux test was nega 
tuberculin. The x-ray of the cliest was also negative (Fig. fi). l,lood on ad- 

Lahoralory. — Tlie urine was negative on admission and throng diffprential count 

mission sliowed 8,S00 leucocytes and liemoglobin content 95 pei cen . , 

• . ^ . 1 Oi 


showed polymorpihonuclear leucocytes G-1 per cent, Ijmiphocytes 26 


nn-ni cosiaoplulc-'’ ^ 1^"^ 
per cent, cosu^i j 

; ,.1... ipucoc.ytc-'’ ‘'H 


icytes 20 pm leucocyte 

cent, monocytes 4 per cent, and hasophiles 1 per cent. Two Chart 1 fm" 

increased to 15,800 and continued around that level to March 0. (' ec 


results of 


a series of blood counts.) Differential counts ■were not done after 
^ .1 


^nfisdon until Teh 

a OC...... ^ — ...... y - oosiuoplulcs 

20, when an eosinophile count of 33 per cent was discovered. rapidlv dimiu'shc 

46 per cent on JIarch 7 (the date prontosil was discontinued), ‘'n' ^^o-rrhitination 
to 7 per cent ten days later. Blood cultures were repeatedly nega i 'C (ypht 

on admission, and at two weeks anxl four weeks later, weie nega jaflih’"-'''’ 

Salmmella paratijpM; and related organisms, Sh'pclla ^{ration, 

Pasteiirella lularensis. Sulfanilamide determinations showed a ow . admission, 

only a trace. The leucocyte count January 15, 1940, one , ,jtive for " 

0,100, with 1 per cent oosinophiles. Sioo! examinations woie lepea ei . 
histolytica and other animal parasites or ova. 
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Sputum uav neicr present. Tliro.ut culture levculecl .i few IS. htmohjtw .rtirptoeocn on 
one oecneion. 

Tire Mantoux test was neijalive on ailnii.>is.ii>n anrl slioitly liefme ili-rliaioc. 

Culture anil piinea pig inoculation.s with stomacli wasIiinRs ueie nen-atire lor 3[yco~ 
Itflf/fn'im tiiherntlosis. 



Fjg. 3. Fig 6. 

Piff following discontinuance of prontosil (Marcii >>. 1939) 

• • One year following lio^pital admission (J.in 15, 19-10). 


DISCUSSION' 

oceurreiieo of an unusual type of jineumonia in which massive x-ray 
nigs stood in decided contrast with the slijrlit decree of prostration of tlie 
[fiient, as ^vell as the absence of expeeted physical findinfis, liad challenged 
'll attention even before higli-grade cosinophilia was demonstrated. Eosino- 
I I la has long been recognized a.s a concomitant of the allergic response. AYe 
0 not fail to recognize the fact that high-grade eosinophilia is also jirosent in 
er conditions, occasionally in infections. AVe feel that such conditions as 
^^mnioiilj are associated witli cosinophilia were satisfactorily ruled out. Alore- 
bom believe that the pneumonia ob.served in our patient resulted 

iinciobic invasion. Numerous clinicians of extensive experience were 
e bj baeteriologie methods failed to demonstrate an etiologic agent, 

e that usual hacteriologic methods would have failed in the discovery 

‘ 'Dus as the etiologic agent, clinicallv it was not virus pneumonia, it did 
aot occur 1)1 +1 * 

^ m tne course of an epidemic, nor was there anv evidence of com- 
‘"'iincability. 

W in this case is consistent with a diagnosis of allergic pneumonia, 

more b^'olDibly the most freipient .s.vmptom of drug allergy, and further- 
The^’ fi’cquentlj’ recorded in connection with allergy to siilfanilamide. 

tile recognition of drug allergy as a cause for fever during 

The - a disease which is in itself accompanied by fever is obvious, 

''nilamide exhibited in this case was a treatment for ulcerative colitis 
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and not under tlie direction of tlie essayists. Consent to its discontinuance re- 
sulted in coincident prompt and complete recovery. Tlie recniTence of similar 
symptomatology several months later, coincident with a further trial of jiroii- 
tosil, was not, unfortunately, under our own observation. Nevertheless, the 
history strongty suggests a rejietition of tire same pulmonary chaiige.s ive ob- 
served. The shorter duration is in keeping with a shorter period of adminis- 
tration of the drug. 

SUMMARY 

A case of massive, migrating, atypical pneumonia of unusual duration, 
accompanied by high fever grossly disproportional to tlic degree of prostration, 
and a marked eosinophilia, is presented. Tlie condition developed within a fciv 
days after initial prontosil administration, continued concomilantlj' with the 
use of this drug for six weeks, and cleared up rapidly coincident with its dis- 
continuance. A reeuiTcnee of similar pulmonary symptoms not observed by the 
essayists is reported by the patient following a snbseqnent trial of prontosil. 

Wc are indebted to Dr. Wesley J. Snink for having called attention to mam' ot tlic for- 
eign references cited, and who also first suggested the possibility of allergic etioiog). 
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EFFECT OF HISTAMINASE ON THE SHWARTZJIAN PHBNOMENOli 

Mii.ton D. Bosse, M.D., Pittsburgh, Pa. 

FT HAS been postulated that histamine plays an important role in 
dnetion of the Slnvartzman phenomenon^’ ~ This suggests tliat 
the specific enzyme which inactivates histamine, might be effective m pwi 
or modifying the reaction. . 

The following experiments ivere carried out in an attenqit to etein 
effect of histaminase on the Shw’artzman phenomenon. [■{znian 

An active extract of R. protens organi.sms for producing the 
phenomenon was prepared hy a method very similar to that descii e 
topol,^ which was based on procedures of Furtli and Landstcinci ai c 
and Priseh.= _ ^jgse 

In a preliminary experiment 8 rabbits were each given a "gf O.a 

of 2.5 mg. of the B. protens extract and a provocative or reactmo ^ 

*From the Western Pennsylvania Hospital Institute of Patliologj, PBt 
Mellon, M.D.. Director. 

Received for publication, Alay S, 1940- 
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raj. Pour of tliuse animals were pretreated with histamimise.*' This histaminase 
ms standardized hy the AVinthrop Chemical Co., 1 unit heince the amount 
ivhicli will inactivate 1 mg. of histamine hydrochloride. The dosages admin- 
istered orally and subcutaneously varied from 6 to 12 units per kilogram and 
eorresgond to six to twelve times the daily oral dose advocated for clinical use 
k the AViiithrop Chemical Co. The intravenous dosages varied from 4 to 30 
units per kilogram and correspond to one-third to two and one-half times the 
doses used by Karady and Browne' on guinea pigs in histamine and anaiihylactic 
shock. The results, as indicated in Table I, Seric.s 1, showed no effect of the 
lilstaminase on the skin reaction. 

As a result of numerous titration.s, it was fouud that 0,1 mg of the extract 
was effective as a preparatory dose, yet loroduccd no gross lesion itself: and 
that 0.05 mg. as a provocative dose was minimal for eliciting the skin reaction 
in a high percentage of the animals tested. 

Three more series, totaling 34 animals, were given these minimal do.ses of 
bacterial extract, and lialf of each .scries was iiretrcatcd with histaminase. It 
is seen from tlio residts in Table I that again the liislaminasc had no striking 
effect. 

T.VBLE I 

Resl'i.ts op Smv.vr.Tzn.vK RE.urrioN' IViTii Axi> Witiioft PiinTKr.iTMFXT With IIiit.vmisise 



/- Defith occurring shortly after provocative injection of extract 
skin reactions more than 4 cm m Oiameter. 

WemorrhAgic reactions 2 to 4 cm- in diameter, 
reactions less than 2 cm in diameter. 

+ 'ery slight reactions or merclj' hyperemia. 

U AO reaction. 

file liistaminase capsules were 5 iv»*n each rabbit as follows 3 units orally 

tioiT t preparatory injection of extract, 3 units orally two hours a^Cter this injee- 

Ihe i) 3 rv 3 units ground up with 5 c c of normal saline injected siibcutaneou-sly in 

after “Phrs before the provocative injection, and 3 units subcutaneously immediately 

Pared "'l*"Jection of extract. The suspensions of histaminase for injection were freshly pre- 
a few minutes prior to use. 

of normfi*^ received tablets of histaminase as follows' 10 units giounct up ivith 2 c.c. 
8. injected subcutaneously six hours before the preparatory injection of extract : 

bpfftrr hour after the preparatorj- Injection . and the same Close repeated one 

ifew provocative injection. The .^uspension.s of histaminase ivere freshly prepared 

iiiinuies prior to use 

*aline received 10 units of histaminaso (injectable) powder dissolved in 10 c c. of 

^*tracl. ^ 'hjected intrat enously fifteen to thirty minutes before the pioiocatne injection of 

received the supernatant fluid from 75 units of histaminase tablets prountl 
io thirtv ''’‘til 10 c.c. of normal saline, centrifuffcd. and injected intravenously fifteen 

autes before the provocative injection of extract. 

j it re(iuire.s twenty-four hours for 1 unit of histaminase to inactivate 

Z”?- of histamine in vitro, it may he anticipated tliat tlie Shwartzman reaction 
^'''lops too rapidly for histaminase to inactivate any lii.stamine tliat may be 
__^u. The report of Karad 3 - and Browne' appears to indicate that histamin- 

^'’inthroD of the histaminase used In these experiments was fumi.shed by the 
j Co., Rensselaer. N. Y. and the remamder, piepared by the same concern, 
in open market. 






U34 


the journal of laboratory and clinical medicine 


-Uiv okct OB "1 1 Jii-staniinase ivould have 

diiv v'ltect on the reaction. 

It IS also possible that the increase in histamine content of the skin in the 
Mnvartzman phenomenon is secondary, and an effect rather than a cause. 

SUAIJIARY AND CONCLUSION.S 

Little or no effect on tiie Slnvartzman jilienomcnon was noted by prefrcal- 
ment ivitli histaminase administeved orally, .siihentaneously, or intravenously in 
di^e L O.SOS. Eitlier hi.staniine plays little part in the phenomenon or iii.staininase 
<Joe.s not inactivate sufficiently the histamine released. 
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PARoxVSTilAL NOCTURNAL HEMOGLOBINURIA MOTH HEMOLYTIC 
ANEAIIA (MAR.CHIAPAVA-MICHELI SYNDR03IE)^ 


Arthur Buell, A.B., M.D., and Stacy K. Mettier, A.B., JI-U- 
San Pbanctsco, Calif. 

T^HE syndrome of jiaroxysmal iioctinTial hemoglobinuria wa.s recorded fiisl 
by Stare hiafava and Nazari in 1911.L = In 1931 SlichelE reviewed ah h'C 
eases published and added one to the literature. Since then other cases hare 
iieen recorded by Hamhnrger and Bernstein,'’ "Witts," Scott, Robb-Siiiidi, i’*’ 
Seowen,' Daeie, Israels, and AVilkinson," and Ham.® These authors have 
scribed the clinical, pathologic, and laboi'alory features which have estahlishet 
nocturnal hemoglobinuria as a siiecific disease. 

From a clinical consideration of this disease, certain essential fcatiucs ate 
recognized. In tlic cases reported, it occurred most frecjuentl.v during 
and thi rd decades of life and, following a protracted course, terminated itt d«'’ '■ 

*From the Division of AleJicine, "Universitv of California AleJieal School, San 

Supported by a Rrant from the Christine- Breon Fund for Aledical Research. 

Tlie blood count? were done hy Jliss Alice JIcBride. 

Received for publication, May 20, 1340. 
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Hemoglobinuria -was tlie predominant sign and occurred almost always at night, 
frequently accompanied by vague abdominal pains. The collide ot tlie illness 
was characterized by recurring attacks of fever wliich \\erc usualiy uitiu-mittent. 
a predisposition to venous thrombosis and ]>hlebitis, and a slight icteric tint to 
the selerae and skin. By the use of suitable reagents, hemosiderin and hemo- 
globin could be demonstrated in the urine. In a few cases slielit enlargement 
of the spleen was reported. 

The blood changes in nocturnal hemoglobinuria are most striking. In the 
cases reported in the literature, between one and three million red blood cells 
per cubic millimeter were noted. In most instances the cells were slightly larger 
than nomial, so that the anemia was usually macrocytic, in others, it was 
normocytic. The hemoglobin was reduced to between lb and oO per cent of 
normal; hyperchromia was noted in some cases and hyimchromia in others. 
^Vhenever hemolysis had occurred recently, hypochromia and consequently a 
lower color index ivere observed. In general, therefore, there was a tendency 
to slight macrocj-tosis (^I,C.V. 100 cubic microns i and hyiiochromia of the red 
blood cells (M.C.Il.C. 27 per cent). In all instances the anemia was refiactory to 
treatment. The resistance to hypotonic salt solution was witliiu normal lange. 
and an examination of so-calicd “wet preparations*’ failed to show tlie ju’esence 
of spherocytes. The outstanding feature was a pcisistcnt rcticulocytosis In- 
variably there was a leucopenia with a relative lymphocytosis and a model ate 
thrombocytopenia. Examination of the sternal bone marrow by either jmnetuic 
or biopsy show’ed hypeiplasia of tiic ciwthrojioietic elements. 

The etiologj* of liomoglobimiria is somewhat obscure. From a study of tin 
rt'ports in the literature it was apparent that, in contrast to familial hcmohtic 
icterus, a familial predisposition did not exist in patients witii noctiunal heuio- 
filohiiuu'ia, Dacie, Israels, and Wilkinson.' and Ham.® \iere able to sliow by 
experiments both in vivo and in vitro that increased carbon <liuxidt* tension was 
of critical importance for the production of liemolys>i.s. 

The folloiving case of nocturnal hemoglobinuria is piesonted first, because 
the rarity of the condition and, secondly, to record tlie results of in vitro 
studie.*? showing increased hemolvsis of rod blood cells in media at an acid ])1I. 
The patient had an illness of several years’ duration characterized by anemia, 
^‘"Uie abdominal pain, thrombophlebitis, and hemoglobinuria oceurring at night 

REl’ORT OF A CASE 

_ W»<fory. — -A. .T,, an Ameiican woman, single, agt‘«l 43 years, uas tirst leiunue-l lo tin’ 
ViUTersity of California Hospital on May ?A, 193S. She complainp.l of weakne-s an.l statcl 
she Was known to have been, pale an«l anemic for at U'a>t six \ear^. Fire jear-, jireviou- 
iW present entry she had suffered profuse uterine bleeding whn-h wa« iolie\ed by salpingo- 
'«Fhrirectoray and hysterectomy. Despite the ces-sution of mensc*. however, she (ontinued to 
anemie, and on two occasion-, obtained tempomiy relief fium transfu-ions. In U>.-»5 she 
’f'‘ an attack of phlebitis in the right leg whicli per'^isted for several months. She had a 
attack in August, 1937, and in November, 1937, the veins of the left leg became 
'“"five.l. At this time she fir^t noticed that her skm had a slightly yellowisli tinge and 
vague abdominal pains whicli were most marke-l at night. She then noticed that 
-^nne passed on arising in the morning was verv dark. In December. 19:’.7. her physician 
licr she had had a hemorrhage from her kidnej-s. Tins episode la-ted about one week 
tecurred about a month later. 

RiiytiVn/ Ea-nniiimfioii.— On entri- to the hospital the patient was well develajM’!. modcr- 
"eil nourishe.1, looked tired and pallid, and had slightly icteric selerae. The ears, 
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nose, thront, and lymph nodes presente, d no remarlcaWe abnormalities. Tl.e teeth were cariou-r 
but tire gums nmve firm and showed no bleeding point.s. There were no signs of discwc ia 
the hem- t or- pulmonary parenchyma. The blood pressure was 123 systolic ami «S .linsMie 
Amther the spleen nor the liver could be felt on palpation. There was slight pitting c.loma 


Lahoraionj Data. Examination of the blood sliowed red blood cells 1,970,000 per enVm 
mil uiieter, lieraoglobiii dfi per cent (7.S Gm. Sahli), and leucocytes 2,200 per cubic millimeter. 
The differential count showed polymorplionuclear leucocytes Cl per cent (29 per cent fila- 
niented, 32 per cent nonfilamented forms), eosinophiles 3 per cent, basophilcs 2 per wnt, an! 
small lymphocytes 34 per cent. The reticulocytes were 3 per cent. The volume of paApJ 
cells was ..j c.e. per 100 c.c. of blood. The mean corpuscular volume was 120 cubic micronf, 
(he. mean eoipuscular hemoglobin was 3!) micromicrograms, and the mean corpuscular hemo- 
globin concentvatiou was 31 per cent. The color index was 1.30, the volume imlcx 1.17, ami 
the satuiation index 0.0.5. The fragility of the red blood cells established with the unia! 
hypotonic saline solutions urn.? u'ithin normal range. The rate of sedimentation of the 
cp-r tliiocyto.s was 24 mm. in one hour (corrected Wintrobe method). Tlie reactions to the 
11 asserniann and Kalin tents of the blood were negative. The phenolsulphonphthalcin excretion 
tests showed normal renal function. No abnormalities of the Icidneys were observed in the 
letiogiade pj-elograms. The determination of liver function by using the rose hengal dye 
showed normal excretion. Tlie total blood serum protein was 5.82 6m. per 100 c.c., of which 
3.54 Gm. was albumin and 2.28 6m. was globulin; the ratio of albumin to globulin was 1.55. 
Absence of hydrochloric acid from the gastric secretion was demonstvated hy parenteral in- 
jection of histamine. Roentgenograms of the gastrointestinal tract and of tlio long hones 
revealed no abnoimulitie.s. 

Bone marrow removed from the sternum for biopsy was examined by the usual fechiiltiue 
of Zenlter’s fixation and staining with hematoxylin and eosin. It showed a general hyperplafifi 
of botii erythropoiesis and niyolopoiesis. Largo numbers of cells containing pykaotic nuclei 
and hemoglobin, and an abundance of younger forms with basophilic cytoplasm and huge, 
deeply stained nuclei were observed.' These were considered to be noroiohliist.s nail 
erj throblast.s. >ro megaloblasts wore seen. Only a few myeloblasts were noted, but there 
were large numbers of colls ranging from the stage of myelocytes to the fully developed poly- 
morpbonnelear leucocytes. The diagnosis was moderate gcneraliaed hyperplasia of eryllmi- 
poiesis and loucopoiesi.s. 

Com sc of Illness. — Repeated examination of the blood showed only little change iu the 
led blood cells and their hemoglobin content, but the reticulocytes varied iu mimher from 
3 to 10 per cent of the total count. Ten .days after entry the patient was discharged fw" 
the hospital to her phy.sician who wa.s advised to give her liver extract potent in pernicious 
anemia by injection and large doses cf iron by mouth. In spite of this treatment tlm uncnu,i 
persisted. 

Second Entry. On August 19, 1938, the patient was readmitted to tlic liospihd loni 
plaining that she had secreted dark urine for ten days. She stated that, except for wcahner^, 
she bad felt about as nsu.al until tho pre.«ent episode, when she began having chilly .sensation., 
vague abdominal paims, and a daily afternoon rise in temperature to 100° F. She passed iatge 
quantities of bright red urine, -which ution analysis hv her physician w-,a.s i-eportcd to conta 
blood. 


Table I 



1:30 A.M. ] 

7 A.jr. 

9 A.M. 

XOON 

3 P.5r. 

(] AAU 

Hemoglobin 1 

4- 4- 


0 

0 

« i 

0 

Bile 

0 

0 

0 

0 1 

0 1 

0 

Urobilin j 

1:10 

1:50 

1:10 1 

0 1 

0 1 



The physical examination w-as essentially the same a.s previously reported. 
Lahoratory Data. Tho urine showed no bile, albumin, sugar, or casts. tTrohilinogen ^ 
noted in a concentration of 1:50 dilution units in specimens obtained at 7 A.M., aw 
in specimens obt.ained at noon. Hemoglobin was present in specimens of urine obtan’ ( 
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1:G0 A.Jf. anil 7 a.m., but Avas ab.-cnt in specimen^ obtaincil after 9 a.m. (see T:il)le I). Be- 
cause of the presence of the hemoglobin in the uime, the patient’s illiie-- wt" lecognize'l as 
paroxysmal noctiiinal Itetnoglobintirin of the iraicJimfava-Jfit'lieH typo 

Special Procedures. A set of serologic experiments Avns arranged similar 
to those iierformod by Daeie, Israels, and ‘Wilkinson.' t^cruni oxalatcd plasma 
and heparinized plasma -were used as liemolytic media Duplicate series were 
set lip with serum and plasma of a normal person of the same blood grouping 
(Jloss II). 

1. Tlie patient s red blood cells, after having liccii onrefiilly washed witli 
physiologic salt solution, were added to lubes coiifaiiiiiig the patient s scrum 
and plasma, and to tubes containing serum and plasma obtained from a normal 
pereon. Tlie normal iierson’s red blood colls w'ere added to a series of tubes con- 
taining .similar media. All tidies were jdaced in a water liath at a temperature 
of 37° C. One-tcntli cubic centimeter of packed red blood cells was added to 
1.0 c.c. of plasma or serum in each instance. Tlie results are summarized in 
Table II. It is to ho noted tliat a slight amount of hemolysis occurred when the 
patient’s cells were mixed with her own and witli normal serum. There was no 
liemolysis of the normal cells in similar preparations. 


Table II 

!?no\vixfi A MAEKna Dhuiiee or Hemolysis or the P.vnr.NT’s Ked Blood Cells When the 
^ lEDiA Are Slkuitly Aeijunnn 



2. DupUeates of the above procedures Avere set up, and carbon dioxide in 
^ per cent dilution was bubbled through the serum and plasma. The results 
^*■6 also summarized in Tabic II. It is to be noted that in the acidified media 
^finite henioly.sis oecuiTed in all soUilions containing tJie i>atient s cells. In tlie 
containing plasma (of the normal person and the patient), Avhich had been 
f'atcd with sodium oxalate to ]>revent coagulation, hemolysis was less marked, 
liemolysis Avliicli occurred in the tubes containing normal cells with the 
of the normal person and the patient was negligible. 

To determine whether or not there was a positive Donath-Landsteiner 
the serum and oxalatcd plasma Avcrc chilled prior to the addition of the 
*>’(10(1 cells and the carbon dioxide gas. It is apparent from the data 
in Table 11 that hemolysis Avas not increased by the low temperature. 
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4. In another series of exiierimenls serum was heated to 56° C. The cells 
of the patient and those of the normal person were added to this senim. No 
hemolysis oeeiirred even after bubblin'? the carbon dioxide gas through the 
serum. The hemolytic activity of the serum was not restored by the addition of 
complement. These lusults are summarized in Table III. This demonstrated 
that evidently the ly.sin was thermolabile and that the previous reactions were 
not due to a complement-fixation mechanism. 

T.mile III 


IlKMOi.YTir Activity ok tiii; .Snnrji Ls I)e.sti:oveii VViie.x HiAteu to afi" C. 
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0 
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0 

0 

0 

0 

0 

0 

0 

cells 




i 


1 





Trcdtmcnf . — Since in vitro cxiicrimcnts showed an increased hemoI>sisat an 
acid pll, it was thought that the administration of large amounts of alkali mig it 
favorably alter llie lytic meehaiiisni. Accordingly, the patient was ghen a 
sufficient amount of sodium bicarbonate (4.0 Om. four to six times a da>) o 
render the urine alkaline (pH 7.6). However, during this treatment the pa len 
had more severe abdominal pain and hemoglobinuria than before. 

The oral administration of largo doses of iron, the parenteral admini-stiation 
of liver extract effective in the treatment of jicrnicions anemia, .M 

high jirotein diet, autolyzed yea.st, and a period of multiple transfusions aie 
to incrca.se the production of hemoglobin or I’cd blood cells. 


DI.SCCSSION 


The diagnosis of our patient px'csented a considerable problem. 
an anemia probably of hemolytic origin accompanied by slight icterus a 
ulocytosis. The degree of the anemia, the macioeytosis, the pie 

slight thrombocytopenia were suggestive of pernicious anemia^ ^ ■^'lossihilhl’ 


failure of the bone marrow to respond to liver therapy remoi 


ed this pos: 


from further consideration. The resistance of the red 


blood cells to hypotoiue 


salt solution within normal range, the negative family history, anc 
of an enlai’gcd spleen exeluded the possibility of hemolytic ieteius 
origin. Studies of the urine during the patient's first jjppjunial 

inadequate, but during the second hospitalization di.scoveri o type 

emission of hemoglobin led to the recognition of the anemia as t le m 


described by Nlarehiafava.^ 


media' 


No adequate explanation can be offered for the abnormal liemol^^^^ 
nism in this patient. Special procedures were carried results 


carried out according 

methods described by Dacie, Israels, and "Wilkinson,' and Ham. 
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wcie comparal)lc to theirs. After adding the patient’s washed red blood cells 
1o her serum and to normal scrum, a slight degree of hemolysis was o])servcd. 
irhen the media were acidified with carbon dioxide, tlic hemoI\>is was greatly 
increased. When the serum was heated to 56° C., the hemolytic activity was 
destroyed. It seems apparent from these studies that the patient s red Idood cells 
i\ere sensitized to some lysin present in her own serum and in normal serum. 
The role that hydrogen-ion concentration of serum or plasma may })]ay in tlie 
production of the lysin deserves further investigation. 

SUilMARY 

The clinical and laboratory findings in a patient witli nocturnal hemo- 
globinuria are presented. Tlie possible significance of increased hydrogen-ion 
concentration in the production of lysin is briefly discussed. 
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Since this paper was written, the patient died (Pcb. ID, 1040). The can've of death wa^i 
poned to he duo to cerebral Ihvomiiosis. Tlie spleen wu'^ normal in size. 


false positive SEROLOraC REACTIONS FOR SYPHILIS 
IN INFECTIOUS MONONUCLEOSIS’^ 


Robert E. Kaui’man, M.l)., Now York, N. Y. 


^ANy diseases besides syphilis may be accompanied by positive serologic 
tcactioiis ordinarily considered diagnostic of syphilis. In malaria, during 
“ 'X’ufe stage, tliero i.s very frequently a transiently positive Wassermann 
Hoceulation reaction.’ Trypanasomiasis, relapsing fever, and ratbite fever 
soiiictnnt.s attended iiy temporarily positive tests.- Some patients vvitli 
Itiiphogranuloma venercunP and with kala-azar*- = also show such reactions. 
; PPi'oximately 60 per cent of lejn-ons patients have positive serology; and 
“ positive complement fi.sation and flooeiilation reactioms oeenr a.s 
'yoarly as in syphilis.” Cliristie’ has recently cmpliasized that many infants 
to lYassermann-positive syphilitic mothers liave positive serology at 
™ost instances tlii.s disappears without treatment and, tlierefore, 

O'® Lenox HiU Hoepital, Now Yo.k City. 

>ie<I for publication, May 21, JIHO. 
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represents merely the passage of i-cagin throncrh llie placenta. Serologic fe.sfs, 
in various degrees of positivity, have also been reported follomng vaccination 
for variola,*'’ and in eases of malignant neoplasms, jaundice, hyperpyrexia, 
pulmonary tuberculosis, typlioid, typlui.s. .scarlet fever, "herpes genitalia,” 
gonorrhea, “angina," hronehitis, and most often in upper respiratory infec- 
tions and lobar pneumonia.’'''’" However, the following statement i.s made 
by no less an authority than ’Eagle": "The statistical reports of the past 
10 to 15 years make it r’casonably certain that neither tnhereulosis, diabetes, 
pregnancy, anesthesia, malignancy, jaundice, fever, nor li.vporchole.steroiemia 
predisposes to false-positive reactions.” 


A small number of references to the oecuiTcnec of false positive serologic 
reactions in infections mononnelcosis have a])peared in the literature of the 
past decade. 'Weber" in 1930, and Wehev and Bode’" in 1931, reported 3 
•such cases rvitli po.sitivc Wa.s.so)'mann and iMeinicke tests. Gooding”' m 1931 
stateel that 16 of 27 palients with infectious mononuclco.sis gave cither a posithe 
or a doul)tful Wassermanii reaction, and that those patients who showed a 
negative Wassermanii test in most instances showed a positive Kahn test. He 
stated further that the Wa.ssermanu reaction returned to negative spontaneonsh 
six to eight weeks after the acute stage. 'Unfortunately, details coucerning the 
positive tests and tlie return to negative arc most meager, so that it is iwt 
jiossiblc to say exaetl.v how many of these eases should actually be include . 
One positive serologic test, followed by repeated negative tests should no 
entitle a case to he included in our discussion, since this RLW represent meie.' 
a technical or clerical error. 

Hatz" in 193S pmhlishcd one cleav-cnt case with .strongly positive tiansient 
Was.scrmann reactions and simultaneously negative Kline tests. The 
Saphir’® reported one ease with .strongl.x' ])Ositivc Wassermanii anc xa^^^ 
reactions on several occasions, wliich became negative within se\eia n 
xvithout antisyphilitie treatment. Also in 1939 Sadiisk’" de.scrihed a P‘^ 
whose blood gave temporarily positive reactions with tlie Kahn aw 
cholesterolized Wassermanii antigens, and negative reactions xvith the 
antigen. This case was definite; hut the author ineidentall.v 
which are doubtful, since in both instances “wealvl.v positne le* 
reported on only one occasion, were not confirmed. 

Bernstein- published an execllent account in 193S of 6 eases 
the Wassermanii or the Eagle flocculation test, or both, became 
positive during the cour.se of infectious mouonucleo.sis. Two of tiese Ci 
previously been reported by him.-” Of the 6 eases, one had a 
Eagle, a negative Wassermanii. and no further tests. This case 
my opinion, be excluded from such a series. In a recent monogiap i o” 
mononucleosis, Bernstein-’ .statc.s that 8 cases with false positne 
been observed by him at the Johns Hopkins Hospital, thus ac mg “ :- 

to those previously reported.*’ The cases described by Lohe an 
Badford and Holiest on,-" Wawersig,*" and Asahina”-' shon c a 
of any tabulation of false positive serologic reactions in infectious 
for one of two reasons: cither tlie diagnosis of infectious mononne eo 
certain or syphilis was not definitely excluded. 
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The incidence of false positive serologic rcaotions in infectious niononueleosis 
is difficult to determine witli any degree of aeeiiraey. According to the com- 
liined series of Gooding, Sapliir,’® Sadusk,” Bernstein, and myself, there 
ivere 29 patients with false positive reactions out of 1S3 patients with infections 
mononucleosis who had serologic tests for syphilis performed. This gives an 
incidence of 10.8 per cent. But if Gooding’s sorie.s — wliich is so contrary to 
the c-iiperience of all other clinicians — ^ivcrc excluded, the incidence would be 
only 8.4 per cent. 

In contrast to those figures are the unpublished observations of several 
careful investigators"” who, although they have heard indirectly of 2 or 3 
iin|nil)li.slicd eases of false positive reaetious in infections inonomieleosis, ha\e 
not personally observed a single sitcli ease in a eoinhinod exiicrionee of lietwecn 
150 and 250 serologically tested patients. The actual incidence of recognized 
false positive reactions would, therefore, seem to he between 2 and 10 per cent. 
Bill as Bernstein" has slated: “It should he emplnisizcd that the evanescent 
character of tliesc po.sitive serological reactions niitigatc.s against tlio likeliliood 
of recognizing all the instances in wliioh tliey occur. It is rca.sonahle to assume, 
therefore, that if those serological tests were carried out more regularly and 
persistently, tlie ineidence of positive reactions cneountcred would he eon- 
sidcrahly higher. ’ ’ 

Among 82 proved eases of infectious inonomieleosis that I Inivc investigated 
diiring the past tlirce years, tliere were 3 with fahse piositive seiology. Sixty-four 
of the 82 had at least one serologic test for syphilis performed during the 
acute stage of the illness, and 32 of these Imd sueli tests on 2 or more occasions. 
5'1'c diagnosis of infectious mouonuclcosi.s was cstalilishcd liy tlie clinical 
course, typical blood smears, and sheep cell agglutination tests. Two of the 
patients were known to have congenital syphilis witli negative serology fol- 
lowing aiitisypkilitic treatment. It is interesting to note tliat in neither ease 
did the Wasserniaiin reaction revert to positive during tlie cour.so of infectious 
roononucleosis. 


Table I 

SEnOLOGic Reactions in Case 1 


D\Y 1 
OP 1 
'l-LN’ESS ' 

*~n 

WASSERMANN 

(alcoholic) 

avassermann 

(cholesterol) 

KLINE 

SHEEP CELL 
AGGLUTINATION 

TITER 

Kogative 


Negative 

1:32 


1+ 

4 + 

Negative 

— 


Negative 

2+ 

Negative 

- 


Negative 

1+ 

Negative 


ijfl 

Negative 

Negative 

Negative 

1:44S 

: 1:112 



Negative 


1:14 


CASE REPORTS 

l-fi] ’■"Tlic first patient with false positive serology wa.s a male pharmacy student, 
"“'Wi several chills, seveic frontal headache, profuse sweats, 

l,„ and general malaise for ten days prioi to admis.sion. He was sent to the 

1 Kjrk *'’''‘i’bve diagnosis of typhoid fever. On admission he was found to have 

skia ' ” '■"hgested pharynx, slight enlargement of the spleen, nnultcd hypere.sthcsia of the 
“1« He abdomen, and tenderness in the left lower quadrant. There was considorahle 
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enliirgement of tlie axillury, iiiguiniil, and epitrochlcar lympk nodes, all of which were firm 
and very tondov. There wore also a few small nontender left posterior cervical and bilateral 
anterior cervical nodes. The blood smear showed 32 per cent polymorphonuclear leucocytes 
and 88 per cent lymjjhocytes. Tlie total white blood cell count was 3,3,400; and the red 
blood cell count and hemoglobin wore within normal limit.s. On the fourteenth day of illness 
the monocytes numbered 13 per cent, and in the fifth week 40 per cent. Agglutination tests 
for typhoid and paratyphoid A and B infections were negative on two occasions. The results 
of the other serologic tests are .shown in Table I. 

C.rSE 2. — A male interne, aged 2.1 year.s, was admitted after having had a sore throat, 
oough, chills, and fever for one day. Examination revealed only a congested nasal mucosa 
and 3 )harynx. The initial diagnosis was grippe. By the sixth day of illness he had a severe 
cough, high fever, mild corvjunetivitis, and slight enlargement of the posterior cervical lymph 
nodes bilaterally. A positive slioop cell agglutination tc.st and characteristic blood smears 
soon cstabli.shel the diagnosis of infectious mononucleosis. On the fourth day of illness 
the white blood cells were 33,400; polymorjdiomielear lcucocyte.s wore 78 per cent, of wliieli 
27 were immature; lymphocytes 10 per cent; monocytes 12 per cent. On the ninth day 
the white blood cells numbeved 15,000; jrolymorplronuclear leucocytes were 73 per cent, of 
which 40 were immature; lympliocytcs 7 per cent; monocytes 4 per cent; eosinophiles .> 
per cent; abnormal colls of the monomiclcar .series 30 per cent. Eight weeks after the onset 
a smear sliowed the following: polymoridiomiclear Icueoeytcs 30 per cent; lymphocytes S 
per cent; monocytes 0 per cent; eosinophiles 2 per cent; abnormal cells of the mononuclear 
series 42 per cent. The second Idood smear was suggestive of infectious nionouucleo.«is, so 
sequent ones wore typical. The results of the various serologic tests performed m our 
diffevent laboratories (a, b, c, d) are shown in Table II. 


Tarle II 

,SEi!or.oaic Reactions in Ca.se 2 
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— 

2 + (a) 



Negative 
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32 

4 + (b) 

4 -4 (a) 
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(a) 
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41 

4 + (b) 

4 -4 (a) 

Negative 

(a) 

Negative 

('^) 

Negative (d) 


4 + (c) 

3 -4 (c) 

Negative 
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IS U. Positive 
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(a) 
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Negative (d) 
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Negative (b) 
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1:112 (b) 
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1 + (c) 
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O’) 


l:5fi (b) 
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(a) 
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± (b) 
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Negative (c) 

Negative (c) 
Negative (a) 

Negative 

(a) 
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(lo) 

Kegntive (d) 




Negative (b) 

Negative 

(c) 







Negative (e) 
Negative fd) 

Negative 

(d) 






1* 'c 

Case 3. — A male child, aged 214 years, was seen in the pediatric c mi 
had fever and anorexia for one week. A pin-point vesicular eruption Ivmphaden- 

entire body; the tonsils were enlarged and congested; there was a child 

opathy; and the temperature was 104.2® F. Varicella was diagnosei am 
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sent home. T\\o weeks Inter lie wns jiclmittecl to the hospital, since the fever, inarkcil fatigue, 
ami anorexia hail eontimicd, and there were in addition oceiisioniil vomiting and enuresis, 
Esamination revealed teniperatuie 100.6'’ F., pulse rate 104, reapiiutions 24. Thcio was 
a left catarrhal otitis media, injected tonsils and pharynx, and gonerali/eil lymphadenopatby, 
A IVidal test, a tuberculin test, and several uimc cxsiminations were all negative. A 
blood count, done tlic day before admission, showed white blood cells 17,000, iiolvmorphonnelear 
leucocytes 4 per cent and lymphoeyte.s 9G per cent. The following day the figures were henio- 
glohm SS per cent, icd blood cells 4,400,000, white blood eelK 4,20.i. polymorphonuclear 
leucocytes 50 per cent, and lymphocytes 50 per cent. Four days later the smear showed 
jiulymorphomiclcar cells 10 per cent, lymphocytes 20 jier cent, monocytes 10 per cent, 
eosinojiliilcs 1 per cent, and nbnornial cells of the mooonuclcai smies 44 per cent. The 
fcrologic reactions reported by several laboratories aic sumnian/ed in Table III, wlierein 
the headings “Kline” and “Eagle” refer to the Kline diagnostic and the Eagle micro- 
flocculation tests. 

Table HI 


SEKOLOoic Reactions ix Case 


OtYO.j 
lU.- 
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(CIIOLESTEllOLJ 

KUNE 

1 

MEINU'KF. 

EAOLF. 

KAHN 

SHEEP 1 ELL 
aoolvtina- 
TIOX TITER 

2(j 

|Negnti\c (h) 

i + (a) 

4 + (c) 

Negative 


— 

1:28 (Ij) 


pVegutivc (c) 

NegutU'c (c) 

3 + (e) 

(h) 



1:32 (r) 
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Negative (e) 
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DISCUSSION 

is the sigiiifinancc of a jiositivo 'Wasscniiann of flocculation reaction 
tiiuiiig ihe course of infectious mononucIcosLs? In tiic fii’st place. Hie patient 
have syphilis, in whicli case the tests will remain positive. Secondly, the 
positive report may represent a technical error, in which case all subsequent 
•«ts will lie Hcsativc.=’ Thirdly, the result may he and usually is a biological 
positive reaction. It may happen that a positive AVassermaim report is 
'^'h'iincd before the diagnosis of infectious mononucleosis has hecn definitely 
or even considered. One should, therefore, observe the dictum of Bern- 
“’Whenever, in the course of anj* disease a Wassermann, suspected of 
falsely positive, is encountered, a Paul-Bunnell [sheep cell agglutination] 
should he performed.” Even if the latter is negative, the patient may 
^ ' i'Eivc infectious mononucleosis.^® 

and Lonborg,i= on the basis of a very large serologic experience, 
Jile. ‘If positive [Wassermann] reaction at the first retest is consfant 
^ Hiorough clinical-anamnestic im'estigation is completely negative, nothing 
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definite can be decided at once; an obsovvation period of 3 to 6 weeks is 
necessary, as an unspecific reaclioTi must liave a chance to reveal itself.” 
aioore-' in his excellent monograph on syphilis gives some examples of con- 
flicting results on different samples of sera from the same patient, and eoneladcs 
that several successive positive reports from different laboratories warrant the 
diagnosis of syphilis. Jfoore, and even Krag and Lonherg, do not give the 
patient quite enough benefit of the doiibt, as Case 2 in this paper exemplifies. 
Various serologic tests for .syphilis were still po.sitive in this patient as long 
as ten weeks after the onset of tlie disease. In most of the reported cases 
the false positive tests returned to normal within nine weeks. Two of Christie’s 
nonsyphilitie patients with transplacental pa.ssagc of rcagin from syphilitic 
mothers had false positive reactions for eighty-six days l)efore the fiist negative 
test was obtained.' If one feels reasonably certain that the tests are falsely 
positive. I believe that the patient, de.serves the chance to have his blood tested 
for at least twelve weeks before he is .subjected to any antisyphilitie treatment. 
-V'point to be .s1re.sscd is that more than one negative serologic report should be 
obtained without specific treatment in order to rule out syphilis and class the 
reaction as falsely po.sitive. Several recent articles and editorials-^"”' have 
summarized the pre.sent status of biologic false positive serologic tests for 
sypliilis, and the metJiods of recognizing them. 

Table IV 

F.vlse Positive .Sekoeocv ix I.vrEmors Moxoxuci.f.osis 

.vrTjioii 

tVeber and Bodo'^ 

Goodingiv 

Hatziv 
Snpbiris 
Siiduskio 

Bernsteinw 


Kaufman 


A study of the individual ca.ses of infectious mononucleosi-s 
positive serologic tests reported in the literature, ("■ pi'csent 

reveal anj-thing characteristic about them in the clinical cour.se, t le i 
or smears, or the sheep cell agglutination tests. There does not seen 


X'O. C.V.SE.S 


nnsruTs or simi'i.t.vxeous 


-Negative Meinicke 
-Positive Meinicke 
-Positive Meinicke 


Po.sitive tVas.«crmaiin- 
Positive Wassermnnn- 
Negative tVnssermann- 
Positivc "Wasserniann — Negative Kahn 
Negative 'Wasrermann — Positive Kahn 
Positive tVassermnnn — Positive Kahn (?) 

Positive XVassermaun — Negative Kline 
Positive Wassermann — Positive Kahn 

Positive Wassermann — Positive Kahn 
Negative 'Wasserraann — Positive Kahn 

Positive '■ ' '■ Eagle 

Positive ' ■ Eagle 

Doubtful tVassennann— Negative Eagle 
Positive M'as.«ermann— Positive Eagle 
Negative Wassormann— Doubtful Eagle 
Po-^itire tVaiisermaun— Positive, doubtful, 
Doubtful W'asserniann— Positive, negative K 

Negative Wassermaun---Positive, Joubtful^wl 

Positive, ■ ■ " 4rmaBn 

Positive 

Positive j:/agic 

Positive Kline— Negative ^feinicke, Katin 
Doubtful Kahn— Negative 

Positive Wassermann— Negative Wasserman 
Positive Kline— Negative Kbne 
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quantitative relationship between tlie heteropliile antiliodics, whieli }iive rise 
to the Panl-Bnnnell reaction, and the substances responsililc for the positive 
corapleincnt-fixation test CWasscrinann) or for the various flocculation tests 
(Kline, Kahn, Eagle, Jlcinicke, etc.). As the eases in this paper illustrate, 
the same serum may give positive reactions with some tests for syiiliilis and 
negative reactions with other tests; different laboratories using prcsumalily 
the same test may get totally different results with the same scrum ; and a 
positive test may be negative on the next examination, whereas a test previously 
negative may hecorae positive. Pal.se positive reactions do not .seem to lie 
more frequently encountered ivith one .serologic test than with another (Table 
IV), except in so far as certain te.sts, such as the VVa.s.serinnnn, are more 
eoramonly employed. 

AVIiat is the cause of the false positive .serologic reactions for .sypliilis 
occasionally noted during the coui-sc of infectious mononucleosis t According to 
Eagle’s authoritative hook on the laboratory diagnosis of syphilis,'' theie is 
likely to he some effect of native amboceptor (antibody for sheep red blood 
cells) on the VVassermann test. “Whereas small amounts of native amboceptor 
tend to give negative Wassermanu reactions because hemolysis is accelerated, 
large amounts of native amboceptor, such as those usually observed in infectious 
mononucleosis, tend to cause such massive agglutination of the red blood 
cells as to retard hemolysis and therefore give a false positive result How- 
ever, the possibility of a false positive lloeculation test (Kline, Kahn, Eagle, 
Meinicke, etc.) being due merely to native atnboccptor is clearly excluded, 
since rod blood cells are not employed in this type of test. “The sera giving 
false-positive reactions apparently contain some rcagin-lilie factor which reacts 
with beef heart lipoid in a manticr indistinguishable from syphilitic scrum.’’’* 

The etiologic agent in infectious mononucleosis is at present unlaiown. 
Perhaps the occurrence, even though rarcl.v, of false positive serologic tests for 
sj'philis may offer a clue. BernsteiiP has suggc.stcd that “the causative agent 
m infectious mononucleosis may contain a substance having antigenic properties 
■n common with the Treponemu pallida \ or else this causative agent may 
liherate from the tissues of the patient a reagin-like material. The fact that the 
ciojority of the diseases which may be associated with a positive Wassermann 
ere caused by protozoa [including spirochetes as jirotozoa] would sugge.st tiiat 
bie causative agent of infectious mononucleosis may likewise he a protozoon. ’’ 


SUMAIARY 

1. A review of the literature of false positive sci’ologic tests for s.vphilis 
iiiing the course of infectious mononucleosis has been presented 

2. Three additional cases were observed among 64 patients who had Wassor- 
manu tests performed. 

yl- The suggestion is made that patients should not be treated for syphilis 
"atil serologic tests, suspected of being falsely positivCt have had a sufficient 
aace about twelve weeks — to revert to negative. 

The significance of a positive AVassermann or similar reaction during the 
■auiso of infections mononucleosis has been discussed. 

'"‘press my sincere thanks to the followlnE for their kind aid- Doctors Alan 

SoUAi , Davldsolin, Hairy EaBle. Stephen Gunipott. John Koopnian. Perry Manhclms, 
‘ “P'1 Aimis Thomson. 
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EXPERIJIENTAb UTEROTUBAL INSUFFLATION* 


PUHTIIER INVESTIOATIOKS 


Herbert P. New.mak, JI.D., and JIax D. JIayer, JI D., Ni:\v York, N, Y. 


IN A PREVIOUS eommiinicnlion^ there Avere dosci‘il)ed some elomentary fea- 
tures of uterotubal i)hysiolo"y as determined l)y insufiiation of "as aecordhi" 
to the mctliod of Kubin. Uterotubal hitictics are analo"ous to those of other 
smooth musele organs in that they are affected by the autonomic nervous system. 

The present experiments were underlaken to evaluate tlic influence exerted 
hy the extrinsic nerves ujjon the Fallopian tul)es and uteri of rabbits, as 
determined by means of transiitcrinc insufiiation of gas. The influence of in- 
duced ovulation Avas also studied. 

The female rabbit has a double uterus ending in a single vagina. Each 
uterus and its tube lie at the free end of a thin, highly A-aseularized mesentery. 
The uterine and ovarian vessels form multiple arcades, and anastomose close to 
the free border of the mesentery. Tire extrinsic nerves to the pelvic genitals 
pass through the mesontorv, hung cither free or in close conjunction to the 
vessels. There is prolmbly a dual, anatomical innervation witli one f;ronp of 
nerves following tlio ovarian and tlie other tlic uterine vessels.' 

METHOD 

loung female rabbits, weigliing 2.2 to 5.4 pounds, were insufflated by the 
tectmit[uc previously deserilred. The effect of nerve liloek as induced by infiltra- 
tion of the uterine or tuboovarian mesentciy with 2 per cent procaine hydro- 
enloride was studied. Direct electrical stimulation of tlie mesentery was at- 
tompted, but the contractions of tlie smooth muscle in the mesentery itself 
roadered the resultant kymograpbic tracing difficult to interpret. Transection 
of the spinal cord was found to be so slioeking as to invalidate conclusions at . 

time. An attempt was made to divide tlic mesentery, leaving the blood 
^"Ppl> intact, but tlie operation was difficult to perform without introducing 
"'ochanical factors and at tlic same time it was impossible to eliminate tlie 
P'osoiice of undivided nerve fibers traveling in the vascular slicaths. 

EXPERIMENTAI- FINDINGS 

Tile features of the curve that arc particularly emphasized arc: (1) Pri- 
pressure peak — -level at which gas enters the abdominal cavity. (2) 
ofV^^^ — general level of pressure during insufflation. (3) Small waves 

Mtiiation in pressure during insufiiation. 

Acrre Bhck of the Uterine Mesentery.— In 11 animals 1.0 to 1.5 c.e. of 
^^oeaine was injected tliroiigliout the uterine mesentery from tlie cervix to the 
■ — Pour animals Avere ohsei'A'cd Avithout any sy.stcmic anesthesia, 

Laboratories of tlic Sydenham Hospital. New A'ork. 

>vcd for publication, Illay 27, 1940. 
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and in the other 7 efficient narcosis was elicited by intravenous nembutal. After 
a preliminary control insufflation and when a fairly constant plateau level of 
insufflation was observed, the procaine was injected. Changes in the nature of 
the curve appeared within three to sixty seconds after injection. 


Table I 









Fig. 2 — Effect of procnlnc injection of the uteiJne niesentcrj- penk — 92 min. Hg. riiiteau level — 37 nini. Hg At ,1. injcci 

:.c. of 2 per cent piocaine h> ilroclilorldc into the uleiine mesentery. Xott Plop to level of 28 nini Hg and maintcn.'ince of level ujion 
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occurred. In one animal the plateau level fell 7 mm., but the character of the 
tracing remained the same. In all 3 enses procaine was then injected into the 
areas previoasly infiltrated witJi saline. In 2 of the 3 animals the plateau level 
was decreased about 15 mm. Hg (there was eonsidcralilc dilution of the procaine 
by previously injected saline), and the rcinsufflatiou curves were similar to those 
seen under procaine insufflation. 

5. In one animal no gas entered the cavity, although a pressure of 200 mm. 
Hg was reached. The animal was reinsufflated and the uterine mesentery in- 
jected with proeaiuo while the pre.ssure was still rising. Gas entered to form 
a primary peak at a level of 175 mm. Hg and fell to a plateau of 70 mm. Hg. 
Another cubic ecutimeter of procaine was injected into the mesentery, and the 
level fell further to 55 mm. Hg. On reinsufflation the primary peak was at a 
level of 88 mm. Hg and the plateau was CO mm. Hg. 


Taiu.e ir 


coN'Tnon 

PKIMAliY 

PEAK 

1 : 

1 PLATEAt: 1 

^ i 

f.viiEi; TtaioovAiirAN 
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Him. Hg- 
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152 

52 

Uj) to 58 


unity to 55 
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SONOVULATINO 


Nerve Bloch of the Tiiboovarian Mesentery . — 1. In 3 rabbits 
was injected into the tuboovai'ian mesentery and no change was 0 3sei\ 
tracing. • ■ t I with 

2. In a rabbit whose uterine mesentery had previously been 
procaine to produce a slight fall in plateau level, injection o t le 
mesentery produced no change. 
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3, In 5 exiierimeiits procaine was first injected into the tuboovavian 
mo«cntery. In 4 of those cases the plateau level rose sliithtly nhile in one ease 
it Ml. in 4 cases the uterine mesentery was llicn infiltrated with profaine and 
a fall was observed in the plateau level in all cases (Fijrs. 4 and 5) 



SomiSi' ,™marl- peak— lOS mm. He- Plateau 'o' Vn Ihotli'er cubic centimeter 
It i'to "lo tuboovanan mesentcr>-. At C, 'O'b^S’i'toi'. At P, pE procaine 

lnWtp,M”f 'nJecleJ Into tlie uterine mesenter>'. At E, jh”o^p^Xn^m]ectin" the uterine mesen- 
iSn'" “ ">0 Euboovarian mesentery. Nolo; Drop m 'eve'’ “n m'o«‘n= 

IJ ana rise In levels upon injecting the tuboovanan mesenterj. 

, F4cct of Induced Ovulation.—ln 15 animals ovulntimi was induecd by Uic 
"‘iwtion of human pregnancy urine. Ten cubic centimeters of iirmo were in- 
JEdeil tiro days in succession, and on tlic third day insufflation vas ’ 

™ effect Upon the primary pressure peaks was eomiiared to that ot non 
“'ulating aiiimiils ' . , 

Tlie arithmetic means for the two groups are 104 for the ovulating animals 
»'>a 136 for tiio nonovulatiug. This difference is insignificant in view of the 


DISCITSSION 

''"e have demonstrated tlnit definite changes arc ohserved in the hymo- 
pKpliie tracings after blocking the uterine mesentery with a local aiiestlietic. 
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1 4 1 ilu> fivn-ian olcxiis as compared to the uterine, as well 

have not as yet been ehicidaled. 
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I 



>•>' nrv: At n, 1 e.c. of I jo lOO^.O'C. 


Fie. 5 . — Effect of block of tubooy^ 
The animal was insulllatecl at " 

at the same rate of eas imv . P< 1 ”'^' 
UL 4414 , inleeted intc 


, ns* ; 

The animal wiio ,y.' “piiinarv peak — ii>» m'"- ■‘“'‘vt^n'^l^clc. of 

at the same rate pf ea-s llov. ,? '" J^^ovarian mesentery. from tjl.tp^l 

1 c.c. of procaine injected into “ f af gas delivery 
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35 mm. Hg and gradually fell. 


.intr inc U1.C1 Hit ■ , 

01. Hg and gradually fell. ve- 

in a previous eommunieation it 

insufflation of rabbits both the primary This "v. 

a constant level after about thirty minutes » uterine 

is promptly readied after the in,eetion ot ^ ' 

_ „i4-i,„,.,vU rrn iimi'pn.se in sas late n 


the uteriim , 

is promptly readied after tiie in.iee..u.i prinff>i 7 

Furthermore, although an increase in ga ‘ ^ level falls t 

the plateau levels,^ upon eontinunig has been ob^-J^ ^ 

that obtained at slower rates of om . lUQcked. Thus there 
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that obtained at slower rates ot now . — — ^ there 

animals whose uterine mesenteij ms which is kept fan ' 

basic level of insufflation pre.ssuve, or pla ^ ^ time, nen 

bv some intrinsic compensating mechanism, d 
‘ _ bo 


iu.uc 44.4,4 444.44, 4-- - hpino- stiidlef 

delivery rate. _ _ findings arc now mw 

The obvious clinical applications o management of st 

on potients, 4vitl, porticplar retacnce to the case 
the relief of dysmenorrhea. 
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NONPILAiMENT-PILAMENT RATIO CHANGES FOLLOWING 
ADMINISTRATION OP AUTOGENOUS VACCINES TO 
PERSONS WITH LOW-GRADE CHRONIC ILLNESS 


^tKRRiTT H. Stiles, M.D., F.A.C.P., Philadelphia, Pa. 


I T HAS been stated that the ratio of immature to mature neutrophilic leuco- 
cytes parallels the activity of an infectious disease process^ and the severity 
of symptoms,- and that clinical improvement in patients ■with low-gi’ade chronic 
illness is accompanied by proportionate improvement in the immature-mature 
cell ratio.^ It has been suggested also that the ratio of immature to mature 
neutrophiles might be used in the control of vaccine therapy. “ The present 
study was made to determine whether there might be changes in the ratio of 
young to old neutrophiles which would correlate with the subjective I’csponses 
'vhich sometimes follow the injection of autogenous vaccines. 

MATERIAL AND METHODS 

Observations were made on a group of pei^sons with low-grade chronic 
illness in whom chronic infection was considered to bo an important factor, 
detailed analyses of this group as to clinical condition, sedimentation rate, and 
nonfilaraent-filament ratio, ^ and incidence of probable pathogenic streptococci 
sod staphylococci^ have been reported. Autogenous vaccines prepared from 
organisms isolated and selected by methods previously described'- = were ad- 
niinistered subcutaneously in varying dilutions to these persons. At times fol- 
lowing injection of the diluted vaccines there were definite subjective responses 
which could be reproduced by reinjoclion of the same doses of vaccine at appro- 
priate intervals. 

^lood smears were made at frequent intervals, sometimes several times 
*loily when the sequence of changes "was rapid, from persons in whom definite 
subjective responses were noted. Differential blood counts were made, neu- 
Irophiles being divided into nonfilamented and filamented types (or nonseg- 
®suted and segmented types, no distinction being made between the two meth- 
according to the criterion of Haden,^ i.c., '‘neutrophiles in which two or 
uiure lobes are united only by a filament of chormatin material are recorded 
filamented cells, all others are classified as nonfilamented.” The ratio of 
uufilamented to filamented neutrophiles (referred to as “nonfilament-filament 
) was expressed in percentage; i.e., nonfilament-filament ratio = 
cells X IQO , 

.__£ament^ cells 

Received for publication, May 29. 1940. 
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RESULTS 


To a hi'ge extent tJie ejianges in liie iwnfflament-fihment rntio pmBeled 
subjective elianges, i.e., when symptoms M-ere increased tlie nonfilament-filament 
ratio was increased, and when symptoms were lessened the nonfilament-filament 
ratio was lessoned. 

Three general types of subjective response to vaccine injection were noted, 
with corres])onding nonfilament-filament ratio changes: 

Type I: In the first tyjie there was a period of definite lessening or cessa- 
tion of sj'mptoms, accompanied by a feeling of well-being, la.sting from a few 
days to a week or more. 


TIME IN DAYS 



Fig. 1. — Variations in the nonflianiont-fllanient ratio during .a five-day jl®Y*°-gsnonse)!' 

two injections of vaccine wliicii were followed by subjective improvement it>pe i 


TIME IN DAYS 



. Fig. 2. — Variations in tlie nonfilament-filament ratio (less tiian tnen . 

^'accIne injections in a person who developed transient unfavorable s>mp 

four hours) followed by definite improvement (tj-po II response). • ‘ \1 

Type II: The second type of response was characterized bj o,. 

period of increased intensity of illness, with malaise, depression, ^ period 
other general symptoms (the so-called negative phase), followe a 

of definite improvement. The negative phase lasted from a ^ 

fetv days, and the siibsefiiient period of improvement from a few 

or more. pnative 

Type III: The third tyjie was characterized by a prolonge « = ^ 
lasting a week or more, tvith little or no subsequent improt emen . 
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the unfavorable symptoms of the negative plmse were usually milder in intensity 
and more delayed in onset than the unfavorahlc symptoms in ly^ie II responses. 

In Figs. 1, 2, and 3 arc shown typical exami)Ics of the nonfilament-filament 
ratio changes accomiianying tlio difTeront types of subjective resi)onse. In eacli 
instance there arc included observations of the nonfilamcnt-filamcnt ratio made 
on each of the five days prior to the injection of vaccine, and the observations 
riade subsequent to two iujeetious. 



Fig 3.— A'anatlons In tho nonrtJaiuont-flljin»cnt ratio duringr a contiol ncriocl and follow- 
ing \accinc injections In a person who developed prolonged unfayoriible re.ictions with very 
little subsequent inipiovement (tvpe III re<5pon«c). Note th.-xt following thu second mjecti' n 
there -was a delay of more than a ‘day In the onset of the unfavorable change m the nonfll.imtnt- 
filament ratio. 


TJME m DAV5 



Composite graph ha.sed on the means of the nonftlamcnt-ftlanient ratio obseiaations m 
28 persons who improved following vaccine injection (type I lesponse;. 

^’ig. 4 is a composite graph based on the means of the nonfilament-filament 
tatio observations at the time o£ injection, at tlie time of ftreatest improvement, 
“'"i at the time of final observation, of 2S persons wlio improved followins 
'Mcinc injection (type I response). The mean uonfilament-filament ratios were 
■”■'5. n.6, and IG.'o, respectively. The separate "vapl's of tlie 28 i)orsons arc 
in Figs. 4^1, and -IC. 

f'ift. b is a composite grapli similarly based on the means of the nonfilainent- 
aiocnl ratio observations of 12 persons who experienced i>reliminary nnfavoi- 
’J'a.vmptoms following injection. In these pei-sons tlie unfavorable reaction, 
lasted from one to five davs, was followed by a period of definite improvc- 
j.'"* (t.ypc II response). Tlie' mean of the nonfilament-filamcnt ratios at tlie 
“f injection was 1S.4; at the time of greatest increase in symptoms. 30.0; 
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Jttktiiiie of greatest improvement, 10.5; and at the time of final oteenm- 
tion, 14.3. The separate curves of nonfilament-filaraent ratio change in the 12 
persons are shouni in Fig. 5A. 

time im pays 
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S . Seuaiate records of non/llaiiient-fliament ratios used in computing Fig. 6. 



'anos aner injections of vaccine diluting were^ 

injections were made at the time of initial observation nna 


peated as indicated. 
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c.g., during initial five-day periods (Figs. 1, 2, and 3), or in persons receiving 
injections either of diluting fluid (Fig. 7), or of vaccine too dilute to produce 
any subjective response (Fig. 8). 

TIME IN HAYS 



Fig. 8 — Nonfilanient-fllament ratios of 4 persons m wliom there was no evidence of sub- 
jective response following the injection of exccssiv'ely diluted vaccine. (In Fig. 4C are shown 
the nonfllament-filament ratios of tlie same persons following the injection of stronger vaccines 
lihich produced type I responses.) 


Table I 

Si.msTiCAL Analysis or Nonfii.ament-Filament Ratio Chanoes Following the 
lNjE(’TioN OP Autogenous Vaccines* 


NONPILAMENT-FILAJIENT RATIO 


NO 

MEAN 

S.D. 

S.E. 

1 response 

Observations at time of injection 28 

Observations during greatest improvement 28 

xinal observations 28 

IjTie II response 

^ Observations at time of injection 12 

* duiing most severe symptoms 12 

nervations during greatest improvement 12 

rinal observations 12 

response 

nervations at time of injection 8 

during most severe symptoms 8 

during greatest improvement 8 

ol)gervatifm.i ^ 8 

20.75 

11.57 

10.04 

18.42 
.'50 08 

10.05 
14.23 

15.50 

29 25 
l.'J.OO 
14.88 

11.23 

4.00 
6.32 

4.31 

12.29 

4.01 

2.07 

7.07 
12.18 

4.34 

•4.29 

2.12 

0.87 

1.19 

1.30 

3.72 

1.21 

0.895 

2.C7 

4.01 
1.04 

1.02 


’N’o. indicates number of cases ; S.D , standard deviation . S.E., standard error. 


. . COMMENT 

statistical analysis of the nonfilament-filament ratio observations is pre- 
in Table I. The differences between tlie means of the initial observations 
the means of tlie observations at the point of most unfavorable symptoms 
"'W statistically significant (5.2 times the standard error in type II responses 
t? **’'*^s the standard error in type III responses). Significant also were 
^ c differences between the means of the observations at the point of most nn- 


favorable 

standard 

Responses) 

the 


symptoms and at the point of greatest improvement (8.8 times the 
error, in type II responses and 6.5 times the standard error in type III 


The differences between the : 


of tlie initial observations and 


slati of the observations at the point of greatest improvement were 
*s ically significant except in patients who experienced prolonged unfavorable 
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reactions (8.2 times the standard error in type I responses and 4.5 times the 
standard error in type II responses, but only 1.2 times the standard error ia 
type III responses). 

“Viniile in general the changes in the nonfilament-fllament ratio parahelei! 
the subjective changes, there ivere a few exceptions, probably because in these 
instances the symptoms might have been influenced by emotional, climatic, 
allei'gie, or other factors without corresponding changes in the leucocyte ratio. 

SUMMARY 

Nonfll ament -filament counts were made at frequent int eivals on pei'sons 
showing defiiiilc subjective res}Jonse to injections of antogenons vaccines. IVlieii 
there was an increase in symptoms, there was an increase in the iionfilament- 
Hlmneiit ratio. When there was a lessening of symptoms, there was a lessening 
of the nonfilament-filament ratio. The variations in the nonfilament-tilainent ■ 
ratio were statistically significant. 
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STUDIES ON ANTIPNEUMOCOCCIC RABBIT SERU]\r 


I. The Correlation Between the Thermal Ruvction Test in the Rabbit and 
THE Incidence of Clinical Reactions in Pneumonia Patients 


Tillman D. Gerlough, B.S., Reuben R. Blumenthal, Ph.D., and 
John W. Palsier, Ph.D., New Brunswmck, N. J. 


Q ABIN and "Wallace^ described a test for tlic presence of chill-producing siib- 
^ stances in concentrated antipnciimococeic lioi-se serum in wliicli dogs ■were 
injected intravenouslj’ ■wdth the serum. A rise in rectal temi)craturc of 1.5° F. 
or more in about an hour indicated suffieient eliill-producing material to cause 
reactions in patients treated with tlic scrum. Barnes and Robinson,® using 
monkeys in a similar test, did not obtain as good agreement between their labora- 
tory and clinical results. 

Goodner, Horsfall, and Dubos^ have correlated thermal reactions produced 
in rabbits with incidence and severity of chill or febrile reactions in pneumonia 
patients when botli were injected intravenously with the same antipnciimococeic 
rabbit scrum. Tliey state that if the mean rise in temperature of a group of 
rabbits, each of which receives 2.0 ml. of serum, exceeds 1.2° F., the serum will 
produce chills in patients, and if the mean rabbit thermal reaction is over 2.0° F., 
the serum will produce such severe chills that it should not be used clinically. 
In their experience sera producing a thermal rise in rabbits of less than 1.2° F. 
°ave no chills in patients. It was cmidiasized that the correlation was estab- 
lished only for sera prepared and processed by tlicir procedure. Their sera were 
not concentrated but were treated with heat and kaolin. 

It was desirable to know whether or not any sucli relationship existed in the 
case of concentrated antipneumococcic rabbit serum. During the development 
nf refining and concentrating procedures for rabbit serum, more than 20 lots 
nf concentrated serum were subjected to both clinical and rabbit tests, and a 
sood degree of correlation was found. 

Table I records the data. The rabbits employed for thermal tests were 
selected as follows : On the day of the test the rectal temperatures were taken, 
■^inials with a normal temperature gi’cater than 103.6° F, were not used. One 
milliliter of a freshly prepared pyrogen-free 0.9 per cent sodium cliloride solu- 
tion containing 0.2 per cent phenol and 0.01 per cent merthiolate was then in- 
loctod intravenously, and the rectal temperature was taken at the end of one 
onr. If at this time the temperature had not varied more than 0.6° F. from its 
the animal was then used for the thermal test of the serum. 

*^orn the Biological Laboratories of B. R. Sauibb & Sons, New Brunswick. 

■^ccived for publication, May 2S, 1910. 
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Routinely 1.0 ml. of the concentrated serum was injected into an. ear vein 
of a rabbit in one minute. (This dose is of the same order as that employed 
by Goodlier, Horsfall, and Dubos Avith . respeet to the. amount of protein ad- 
ministered.) The temperature was read one hour and two hours after the •in- 
jection. The temperature difference at the one-hour inteiTal was taken as the 
most significant, and has been used in the tabulations. 


Table I 

Clinical and Laboeatoky OnsEnvATioxs on Concentkated Antipneumococcic R-weit Sebum 


CONCENTHATEI) 

SEETJM 

KUMBEE OP 

PATIEYTS 

% IXCniENCE OF 
CHILL REACTION'S 

TEMPERxVTURE 

RISE IN 
RABBITS 

C F.) 

± P.E.t- 

NUMBEP. 

OP 

RABBITS - 

TYPE 

lot 

POTENCY 
(UNITS 
PER Ml.) 

TIIEATED 

sriow- 

IXG 

CHILL 

UEACTIOK 

OBSERVED 

CALCU- 

LATED* 

I 

1 

10,000 

G5 

o 

3.1 . 

3.0 

0.20 

+ 

0.07 

5 


2 

10,000 

9 

3 

33.3 

28.1 

0.87 

+ 

0.14 

0 


3 

12,000 

19 

9 

47.4 

. 32;5 

0.94 

+ 

0.11 

s 


4 

10,200 

4 

1 

25.0 

G.C 

0.36 

+ 

0.05 

IS 

II 

I 

4,500 

3 

3 

100.0 

85.1 

1.76 


o.in 

24 


9 

7,230 

7 

1 

14.3 

0.3 

0..35 

+ 

0.09 

13 

•14, 


. o 

7,200 

5 

0 

0.0 

2.7 

0.13 


0.00 

ni 

1 

2,500 

14 

11 

78.0 

. 82.9 

i.ri 


■n.io 

19 


2 

0,430 

11 

o 

18.2 

25.1 • 

0.82 

+ 

O.Ofi 

■ 25 

14 


'n 

»■» 

10,300 

9 

1 . 

11.1 

• 11.2 

0.52 

+ 

0.07 


4 

14,500 

3 

1 

33.3 

8.1 

0.42 


0.09 

14 

IV 

1 

8,400 

0 

o 

33.3 

55.2 

•1.20 

+ 

o.os 

IS' 


2 

10,950 

3 

i 

33.3 

3.4 • 

0.19 


0.04 

.14 

V 

1 

o 

8,000 

11,330 

7 

o 

4 

i' 

57.1 
50.0 . ■ 

67.7 ■ 
7.3 

1.44 

0.39 

+ 

+ 

0.13 

0.00 

■ S 

20 

VII 

1 

17,000 

4 

3 

75.0 

73.0 

1.54 

+ 

0.13 

s 

u 


o 

10^200 

5 

0 

0.0 

6.1 

0.34 

+ 

0.05 

oo 


3 

18,000 

7 

o 

28.0 

14.6 

0.01 


0.00 


vni 

1 

2 

7,870 

10,700 

5 

o 

O 

1 

0 

20.0 

0.0 

31.8 

5.7 

0.93 

0.32 

+ 

0.00 

0.07- 

s 

0 

XIV 

1 

5,900} 

2 

0 ■ . 

0.0 . 

3.3 

O.IS 

± 

0.02 

14 


♦See text. ^ n is the number of 

tProbable error = 0.6745 n/Vn. where a is the standard deviation ana n 
rabbits used to test the lot of serum. 

JCalculated from antibody nitrosTen.-* 


Five to 8 rabbits were used for each routine test. In 


test was carried out on the concentrates before and after sterile 
significant differences were found in the two samples. All samples 
to’ sterile filtration were passed through a small Seitz E.K.S-3 asms o 
remove dust, lint, and other insoluble matter. . 

The potency of the antisera for types I, II, V, VII, and T sera 

was determined by comparison in mouse protection tests witli jujd If 


distributed by the National Institute of Health. The sera foi in 

were standardized in terms of Felton mouse protective units as ® _ ,^ 1,5 

our laboratories, there being no official standard sera foi these 
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FiE. 1. 

.’Pe XlV untiseruin was evaluated by the quantitative precipitin reaction, 
of specifically preeipitable antibody nitrogen representing /50 units, as 
by the National Institute of Health.*^ ^ 
in ^^^Pioal data are taken from reports received from 24 physicians located 
'fliious parts of the country. 


PROBIT VALUES 
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Inspection of Table I reveals, for most lots, a definite relationsliip betmen 
the laboratory rabbit test and clinical observation. There is, of course, some 
dispersion which is particularly evident with lots for which only a few chnical 
reports were received. 

The reports sIioav that an average of 170,000 units of antibody was ad- 
ministered to each patient. In general, the chill or febrile reaction, when pro- 
duced, occurred after the first large dose of about 50,000 units. Subsequent 
injections of the same serum Avere, for the most part, uneventful. Chills were 
usuallj'" severe if produced by a concentrated scrum Avhich caused a rise of 1.5° F. 
or more in rabbits. Potency or type of serum apparently had no significance 
a.s far as reactions were concerned. 

It is not Imown what substance or substances in rabbit serum cause the 
thermal or chill reaction. In the statistical treatment of the data, it was assumed 
that the reactions were due to the same general type of pyrogenic substance 
which varied in amount from lot to lot. The thermal rise in rabbits was taken 
as a measure of the concentration or dose of pyrogenic material, and the in- 
cidence^’' of chill reactions in patients as an expression of the effect. This dose- 
effect reaetionship probably folloAvs a typical sigmoid curve. 

The data ivere plotted on arithmetic probability paper, and the percentage 
incidence of chill reactions Avas converted into proliits.® The Aveighted conela- 
tion eoefficientt betAveen the thermal rise in rabbits (in degrees Fahrenheit) an 
the probit values of percentage incidence of reactions in patients is 0.S4, lase 
on 193 patients and 292 rabbits treated Avith 21 lots of serum. In vieAA" t us 
high degree of correlation, a prediction equation Avas calculated. This equation is 

I = 1.821T -f 2.835, 

Avhere I is the probit value of the percentage incidence and T is the thermal use 
in rabbits. Column 7 of Table I shoAVS the value for incidence of chills as pre^ 
dieted by the above equation. The Aveighted average percentage devia ion 
the observed from the calculated A'ahies is ±7.0 per cent of the calculate “ 

The sigmoid curve in Fig. 1 is a calculated Aveighted curve 
the regression line obtained on arithmetic probability paper, and is, le! 
a graphic expression of the prediction equation given above. 


SUMMARY 


A high degree of correlation (0.84) has been found betAveen 
ture rise produced in rabbits and the incidence of chill reactions in pa i 
pneumonia folloAAdng the administration of concentrated antipneuniocoec 


serum. 


An equation Avas developed permitting the prediction of inci enc 
reactions, the Aveighted average deviation of the calculated fioin i . 
values being ± 7.0 per cent. 


appreciation to, Mr. H._ .A.„Holaclay^ana and to 

c tiin mouse 


AA^e 'wisH to express our w r-iuoirs. -“ 

Biological Assays Laboratories for carrying out the thennal rests in - . ^ mouse 

Leonard and Dr. August Holm of the Bacteriological Laboratories 
potency tests. 


tempem- 


•Incidence is defined here as the percentage of Patients treated nit 
developed a chill or chills. In general, the chill reaction was accomp 
ture. . , „ „ number of patients 

tAVeights were assigned each observation in proportion to me 
with each lot of serum. 


treated 
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SPECIFIC CHEMOTHERAPY OF GIARDIA INFECTIONS* 


James T. Culbertson, Ph.D., New York, N, Y, 


A LTHOUGH many widely different chemotlierai)catic agents had been tried 
^ previously in the therapy of giardiasis, no effective drug was available 
until recent years for the permanent elimination of the giardias from man and 
animals. In 1937 Brumpt,^ working -with mice infected witli Giardia muris, 
found that the administration by mouth of a 1 per cent solution of “quinacrine" 
(tlie French equivalent of atabrinc) permanently cured 80 per cent of the 
infections. Later in the same year, Galli-Valerio^ reported the successful 
elimination of Giardia lamhlia from man by the administration of atabrine. A 
number of papers^ have since confirmed these first observations, and atabrine 
seems now fairly well established as an effective and safe drug for the treatment 
of giardiasis. The present communication offers further evidence upon the 
action of atabrine upon giardia infections of man, and of the albino rat and 
mouse.! The paper reports also that acriflavine, another acridine derivative, 
likewise is an effective drug in giardia infections of animals. 

ATABRINE IN GIARDIA INFECTION OF MAN 

Two eases of Giardia lamhlia infection of man have been treated with 
otabrine. The first of these concerned an individual in whom the extraordinary 
P^^rsistence of the parasite has previously been reported by Miles and myself.^ 
wause this case responded so promptly to atabrine therapy, permanent cure 
mng effected by a single course of treatment, the use of the drug in it will be 
scribed in some detail. The second human case, of which much less is known, 
"1 be only briefly mentioned. 

Cure by Aiahnne of a Long-Persisting Giardia Lifection in Man. — The pa- 
a young woman of about 25 years of age, 'whose infection had been first 

^’mvers^.”' Department of Bacteriology, College of Physicians and Surgeons. Columbia 
for publication, May 29, 1940. 

X Y. ® atabrine used in the work was supplied by the tVinthrop Chemical Co., New York, 
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diagnosed appvoximately six years earlier. At irregular intervals since tlio 
initial observation, the parasites or their cysts had been found in the patient’s 
stools, search being made at lea.st once each year and during some years fre- 
quently. An ineffectual attempt was made in the summer of 1936 by an at- 
tendant physician to eliminate the parasites by administering earbarsone. Cysts 
of the parasite were believed reduced in number thereafter for a time, l)Ut they 
never entirely disappeared. Soon after the cessation of treatment, they became 
as numerous as they had been originally. 

Cysts of the parasite were observed in lai'ge number in January, 1940, one 
day prior to the institution of treatment with atabrine. Atahrinc treatment was 
begun under the direction of Dr. C. "W. Jungeblut of this department, two 
0.1 Gm. tablets being given dail.y for five da.vs. A stool specimen obtained two 
days after the last day of treatment was negative for cysts and trophozoites of 
Giardia lamhlia, prolonged search being made of repeated samples of stool. Like- 
wise, when stools obtained one, two, four, and six weeks later were examined, 
no cysts or trophozoites of Giardia lamhlia could be found. 

No significant by'-effects of treating the patient with atabrine were noted. 
On the last day of treatment the patient felt listless and sneezed occasionally, 
but these symptoms wci'c not certainly related to the use of the drug. No pig- 
mentation of the skin rvas observed at any time. One day after the cessation of 
treatment, the stool rvas said by the patient to be somewhat watery and of a 
bright yellow hue, but subsecpient stools were normal. 

Cure hy Atahrinc of a- Second Case of Ilwnan Giardiasis . — A second ease of 
giardiasis in man was also treated successfully with atabrine, the drug being 
administered by Dr. H. M, Rose of this department. A stool examined ,iust pdo' 
to tlie institution of treatment revealed many cysts of Giardia Umbba. T«o 
0.1 Gm. tablets of atabrine rvere given daily for five da.vs. Stools obtainc or 
three successive days after the last day of treatment ivere examined ^ 

iuit neither cysts nor trophozoites of the parasite ivere seen. This patient m 
not since returned for observation. 


ATABRINE IN GIARDIA INFECTION OF ALBINO BATS 

Thirty rats naturally infected with Giardia imiris W'cre used to 
therapeutic action of atabrine upon giardiasis of rats, the infeetion 
to. exist in each rat by finding cysts of the parasite in a saline 
of the animal. All rats were small when used, weighing about 30 
in xvater solution ivas admini,stered by mouth to 20 of the infecte am^^^ 
two successive days, each dose being 10 mg. per 30 Gm. body ^ g 

ivas given by syringe through a blunted hypodermic needle 
length) lowered carefully into the pharynx or esophagus. T le 
infected rats received no drug at any time, and were kept as 
infeetion in cages separate from the treated rats. The feces o 
control animals were examined daily for one iveek after the las ( o.s 
All the treated animals were free of the parasite, so far as eca^ eii.suiu? 
revealed by the first day after treatment, and remained ],o„t fliis 

week (Table I). The 10 control rats retained their infec ions 
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period. Twelve of the treated rats were kept for three additional weeks, and 
their feces were examined at weekly intervals during this period. No animal 
revealed giardia cysts at any examination. At the end of this lime these 12 rats 
vere aiitopsied, and the small intestine was searched for trophozoites of Giardia 
miiris. None was seen in any animal. It appears from this work that Giardia 
mum is promptly removed from the intestine of albino rats by tlie administra- 
tion of 10 mg. of atabrine per 30 Gm. of rat body weight daily for two days, and 
that infections so treated do not relapse, at least during one montli following 
treatment. 

Table I 


Effect of Atabkink and or Acriflavixe Upon Giaudia Infections in Pifferekt Hosts 



1 

1 

1 



PERion 

OF OB- 
SERV.V- 

TION 

1 .\FTr.r. 

TREAT- 1 
MENT j 

UNTREATED 
CONTROI S 

1 

OUnDIA SPECIES 

HOST 

SPECIES 

i 

BRUO 
I’SEO 1 

TOTAL 1 
LOSE OP 

druo I 

GIVFN 

NO. 

uo.Hrs! j 
YurAirL' 

no. 

HOSTS 

evnn) 

NO. 

T'.SED 

NO. 

POSITIVE 
FOR AT 

LE.IST 
i ONE 
WEEK 

Cinrdia lamllin 

[Man 

Atalninc; 

1 Gm. 


2 


None 

■■ 

Cwrlia imnis 

[fiat j 

Atabrine 

20 ing.t 


20 

,1 week tn 
1 montli 

.n 

D 

^f'arrbfl muris 

Mouse 

Atiibiino 

20 mg.t 

10 

10 

X week 

5 


(rinnfia muris I 

iRat 1 

Acriflavine 

20 mg.t 

10 

10 

1 ^^epk 

5 1 

H 


'Of*® of the human cases was positive for over five jears prioj- to treatment. 
tPer 30 Gm. body weight. 


It should be added that tiie rat.s tolerated the atabrine very well, and no 
onimal was lost during the course of the experiment. Tlio dose was, however, 
in proportion to that given to the patients dcserihed earlier, and all the 
h'cated animals presented yellow pigmentation of the skin on the day after the 
i'Gcond dose of drug was given. The jngment ]>ersisted for one week, and in 
some eases for longer periods. In several other rats given thus dose of atabrine 
‘■'lid aiitopsied one or two days thereafter, the small intest iiie was found deeply 
^faiued with the color of atabrine, particularly in those parts where Giardia 
is most commonly found. 

ATABRINE IN GlARDIA INFECTION OF ALBINO MICE 

Fifteen mice, all known from fecal pellet examination to liarbor Giardia 
'"an's, were used to test the effect of atabrine upon mouse giardiasis. Ten ani- 
were given 10 mg, of atabrine bj*' mouth per 30 Gm. body weight on each 
! s^iceessive days in the same manner as previously described for the in- 
lats. The remaining 5 mice were kept as controls for the natural per- 
''''‘’■tence of the infection in the absence of treatment. The feces of all animals 
JJffc examined daily for the presence of cysts of the parasite for one week, begin- 
one day after the last dose of drug. All treated mice were free of the 
^ ^etion, so far as fecal examination revealed, by the first day after treatment, 
^<^niained so throughout tlie period of observation (Table I). Autopsy at 
of this interval revealed no trophozoites of the parasite in the small 
mice showed cysts of the parasite in the feces at each of 
“3"y observations until autopsy and then revealed the trophozoite stage in 
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the intestine. Apparently, cure of giardia infection by the administration of 
atabrine is about as successful in the mouse as it is in the rat or in man. 


ACRIFLA\UNE IN GIARDIA INFECTIONS IN ALBINO RATS 


The remarkable effect obtained with atabrine upon the different giardiases 
led to the trial of other acridine derivatives. One of these, acriflavine, a simpler 
substance than atabrine,* was also found to act powerfully upon giardiasis in 
the albino rat. This experiment was perfonned upon 15 albino rats, all proved 
by fecal examination to harbor Giardia muris prior to treatment. The same 
dose of acriflavine as that used with atabrine (10 mg. per 30 Gm. of body weight 
on two successive days) was given by mouth to 10 animals, the remaining 5 rats 
serving as controls. On the first day after treatment and throughout the week 
following, fecal examination revealed no cysts of Giardia muris in the treated 
animals, although the control rats continued to harbor the parasite throughout 
this period (Table I). At autopsy one week after treatment, no trophozoites 
of the parasite were found in the small intestine of the 10 treated animals. 
From this work it appears that acriflavine is an effective giardiacide. It should 
be pointed out, however, that the drug in the dose used appeared to harm the 
rats, for, although none died, all lost weight. 


Table II 


Effect of Atabrine and Acriflavine on Various Intestinal Protozoa of Rats 


DRUG USED 
IN I 

TKEATJfBNT | 

NO, 

RATS 

IN 

OKOUP 

PERCENTAGE OP RATS HARBORING 

DESIGNATED PROTOZOANS AT AUTOPST^ 

Giardia 
'mw'is 1 

Uezajuita I 
muris I 

CMlomostix 
hefiencourti ] 

Trichomonas' 
muris 1 

Trichomonas\ 

parva \ 

EnaamopyH 

muris 

Atabrine 

15 

0 


33 

53 

67 1 

27 

Acriflavine | 

11 1 

0 1 


72 1 

45 1 

72 1 

1 

None 

23 ! 

21 


65 1 

60 1 

i 7.3 1 



Dose of drug: 10 mg. per 30 Gm. body weight daily for two days. 
Autopsy was performed two days after last dose of drug. 


EFFECT OF ATABRINE AND OF ACRIFLAVINE UPON CERTAIN INTESTINAL PROTOZ 
OTHER THAN GIARDIA MURIS IN ALBINO RATS 

An experiment was designed to test the effect of atabrine and of aciff 
upon certain intestinal protozoa other than Giardia muris found in a luo 
For this work, 49 rats of flve different litters were used. The 
animals were not examined prior to treatment, but part of each litter w 


untreated as control. 


1 1 wpVC p'IVCH 

Fifteen rats were given atabrine ana 


acriflavine in the same dosage previously described (10 mg. per 
weight on two successive days); 23 rats received no drug treatmcn . 
after the last dose of the drugs, all treated rats and controls 

iritpst.irip. Rpm’phpfl fm’ Tr’irlintnnnnx m.u.ris. TricilOUlOJWS pal Va, 


as well as for 


their intestine searched for Trichomonas muris, Trichomonas 
hettencourti, Hexamita muris, and Endamoeba muris, as v ^ evidence 
mwis. In the case of none of the forms except Giardia mw ^ 
forthcoming that either atabrine or acriflavine was regularly e ee 
structive agent, although in some instances the relative intensi j 

•Atabrine; 2-methoxy G-chioro 9-diethyl amino pentylamino actidinc. 

AoriPavine: 3, G-dlamino-acridinium-methjT chloride. 
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in the treated animals appeared somewhat less than in the control rats (see 
Table 11). Of special interest was the persistence of Jlcxamita muris in the 
treated rats, since this parasite is closely related with Giardia muris. This ex- 
periment indicated that of the several species of protozoans found in the in- 
testine of the albino rat atabrine and acriflavinc exhibit a selective action upon 
giardia alone. 

DISCUSSION 

It is obvious from the data given in this paper, as well as from that of a 
number of other investigators who have previously studied the same problem, 
that atabrine is an effective drug for the cure of giardia infections of man and 
animals. Apparently, the giardias can now he placed with a slowly but con- 
stantly increasing list of parasites which arc subject to control and elimination 
through the administration of specific chemical substances to the infected in- 
dividual 

Atabrine appears to be a more favorable drug than acriflavine to use in the 
elimination of the giardias, judging from the experiments with Giardia vmris 
of the rat, for rats treated with an cciuivalont dose of acriflavine lost weight 
and usually contracted respiratorj” infections, whereas those given atabrine 
showed none of these effects. Nevertheless, acriflavine was as effective as 
atabrine so far as the elimination of the pai*asitc from the liost was concerned. 

The discovery of a drug which effectively cures giardia infections in man 
should render more soluble the old problem of the pathogenicity of Giardia 
hmhJia in man. If the parasite is eliminated by atabrine treatment, then sjunp- 
toms rc.sulting directly from giardia infection should promptly disappear after 
treatment. On the other hand, if Giardia lumhlia is not the cause of such sjmip- 
toms, elimination of the parasite by atabrine cannot be expected to modif}' these 
symptoms. In one of the human eases reported in this paper, which was fol- 
lowed for a long period both before and after atalndnc treatment, sj'mptoms 
(epigastric pain, intestinal upset) were unchanged by the drug treatment. Evi- 
dently, the presence of the giardias was not responsible for tlie symptoms in 
this human case. 

SUMMARY 

Giardia parasites can be easily eliminated from man, and from albino rats 
^nd mice by the administration of atabrine. Apparently the infections are 
Permanently cured by the drug, for relapses following treatment have not been 
^bsor\ed in two human infections^ one of which was carefully observed during 

Weeks thereafter, or in infections of laboratorj^ animals which were followed 
er shorter periods. Reappearance of giardia parasites after treatment ■\^ould 
■ppm, therefore, to occur only as the result of an exogenous reinfection contracted 
the force of the drug were spent. The cure of the infection is rapid, no 
^^rdia cysts being seen even as early as the first day following the last dose 

Ibc drug in patients or in laboratory animals. Of especial interest is the fact 
‘at a single course of treatment sufficed to cure, presumably permanently, one 

^ 5 Ijlimpn cpsps wbipli had persisted previously for over five years. 
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Aei’iflavine, another acridine derivative, likewise will cause the disappear- 
ance of Giardia- mnris from the albino rat, aUhough this drug seems less veil 
tolerated the animal than atabrinc. 

Neither atabrine nor aeriflavine in the dose given to cure giardia infections 
is effective in eliminating infections with Tricliomonax vmris. Trichomonas pam, 
CMhmasiix betteiicourfi, IlcramHa- mnris, or Endamocbci nniris from the albino 
rat. 

I wish to thank Hr. C. tV. Jungreblut and Dr. H. M. Rose, of this department, for their co- 
operation in tliis study. 
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STUDIES OF THE EFFECT OF INTEAVENOUS ADiMINISTRATIO.N’ 
OF LIVER EXTRACT IN PATIENTS AVITH SICKLE-CELL 
ANEhllA; AN UNUSUAL RESPONSE® 

I 


George A'ryonis, ALD., Nashvili.e, Tenn. 

A STUDY was undertaken 1o follow in detail the results of Inn estiad 
administered intravenously to patients witli sickle-cell anemia. 


JIATERIAL AND AIETHODS 

Four patients witli sickle-cell anemia were studied. The 
examined for ten to fifty days to establish the range of spontaneous 
Twenty cubic centimeters of liver extract were administered 
daily counts were made of both white and red blood cells and 
fifteen to forty days. In Case 4 (Pig. 1) additional aJ. 

tiventy minutes, three hours, five hours, and twelve hours fo ownin 
ministration of liver extract. ^ 

C.VSE 1. — T. P., 3 years old, was admitted with pains in tlie feet and an^' 
mild rliinopharyngitis. X-rays showed marked general cardiac enlargemen 
of the skull and long bones. Kahn and W^asserinann tests were 3 q per 

110.3 mg. per 100 c.c. of blood, erythrocytes were 2,000,000 per ' (Pigerentia! psr 

reticulocytes, or 600,000 per c.mm., leucocytes were 10,000 per c.nim. cells 

cent as follows: Ij-mphocytes 35.5, polymorphonuclear cells ^54.5, cells 

eosinophiles 2.5, basophiles 0.5, and unidentified cells 1.0. , liver extract, 

numerous sickle-cells were present. The blood count was not influence . ^ 

‘From the Department of AlecUcine, University of Georgia School of i 

Received for publication. May 31, 1940. 
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Case 2, — AV. It. J. wiis admitted with a leg ulcer of thicc yeais' duration and priinarv 
syphilis. Eloctrocardioijram showed slight myoeardiac damage, l^alm test of blood was 
posithe. Cholesterol was 139.12 mg., sugar 100 mg., nonpiotcin nitrogen 28.5 mg per 100 c.c. 
of Hood. Erythrocytes were 1,900,000 per e.mni. with 22 per cent reticulocytes, oi 418^000. 
Leucocytes were 25,000; differential per cent: lymphocytes 10.0, ncntioplules 01.0, eosinophiles 
15.0, monocytes S.O. Volume index was 1.10. The patient was receiving weekly injections 
of ceoarsphennniino while under observation. The blooil and clinical course neie not influenced 
by the administration of liver extract. 
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40r~' 1 1 T 1 -T”' j r^^-1 > 1 1 1 ^ ^ r^40 
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rca Mflhi, 

a.M * — Chart showing leucocytes, erythrocytes, and reticulocytes per cubic millin^ter 
i' R R ) number of the different types of white blood cells in relation to treatment (Case 

Case 3, — a. K., 3S years old, was admitted with ;joint pains and. history of similar 
? ™ in ffie past. He had received antisyphilitie treatment. On February 27 the icteric 
aas 7.7. Calcium was 9.4 mg., eholesterol 118.5 nig., uiic acid 3.7 mg., organic phos- 
I Qtus 3 . 1 } ^ Sugar 91.0 mg., nonprotein nitrogen 27-5 mg. per 100 c.c. of blood. On 

4 00 ^ 4.1G mg. per 100 c.c. of blood; icteric index was S.O. Erythrocytes 

^ reticulocytes IG per cent, or 640,000 per c.mm. Nucleated erythrocytes were 

' ^ ror c.nim. Leucocytes were 18,000; differential per cent: lymiphocytea 31.0, poly 
^^jPhonudear cells 54.0, eosinophiles 3.0, basophiles 2.0, monocytes 10.0. The administration 
extract did not influence the blood picture. 

^(1 4. R. aged 14 years, was admitted with a leg ulcer. He had been admitted 

during an abdominal crisis. On previous admission (Sydenstrickeri) he 
orythiocytes with 34 per cent reticulocytes, or 524,000 per c.mm. Leucocytes 
ttiit " present admission his count was erythrocytes 2,300,000 "with 18 ; 

Reticulocytes, or 414,000 per c.min. Leucocytes were 10,000; differential per . 
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lympliocytes 44.0, neutropliiles 48.0, eosinopliiles 3.0, basopliiles 1.0, monocytes 4.0 Numerous 
sickle cells and few nucleated erythrocytes nrere found. Volume index was 110-118. Three 
hours after liver extract was administered, leucocytes showed an increase and maintained tius 
rise for nine days. The erythrocytes rose on the third day, and the reticulocytes showed a 
definite rise on the fifth day. The rise was progressive for all three elements, and on the 
seventh day they all reached the peak; erythrocytes 3,800,000 with 32 per cent reticulocytes, 
or 1,200,000 per c.mm. and leucocytes 33,000. On the ninth day the blood count returned to 
the level noted before treatment. The rise of leucocytes was due entirely to the mcre.ise of 
mature polymorphonuclear cells. The proportion of sickle cells was practically unaltered. The 
hemoglobin rose, but not in proportion to the rise of the erythrocytes. On the day of ad- 
ministration hemoglobin (Sahli) was 48.0 per cent with 2,300,000 red blood cells; on the 
fifth day hemoglobin was 66 per cent with 3,555,000 eiythrocytes. It returned to the prcrious 
level simultaneously' with the erythrocytes. Twenty-three days later the same dose of liver 
was repeated, and on the eighth day a moderate rise of polymorphonuclear cells was observed 
up to 24,000 per c.mm. ; this rise lasted three days. On the eleventh day the erythrocytes rose 
for two days, but there was no rise in reticulocytes (Fig. 1). 


DISCUSSION 


Sydenstricker- pointed out tliat tlie treatment of siclde-cell anemia is most 
unsatisfactory. Diggs^ published eliarts illustrating the negative results in the 
treatment of sickle-cell anemia by liver extracts. . 

Following intravenous injection of liver extract, Meyer, Middleton, an 
Tlieulis'’ found depression of leucocytes within twenty minutes in 
persons and in patients with blood dyscrasias; this depression was followe } 
a leiicocytosis ■which reached the maximum tliree hours later. Millei an 
Rhodes,® in an anemic woman wdth splenomegaly, found increase of ® 
in twenty minutes, as well as an increase in the other formed elements o oo i 
•with return to normal in tiventy-foiir hours; the rise of blood count was simu 
taneous with contraction of the spleen. _ 

The case of R. R. seems to be unique in its response to liver e.xtrac . 
rise of erythrocytes before the increase in reticulocytes is diffeient 
observed in pernicious anemia. The volume index was slightly 
normal, but this is frequent in cases of sickle-cell anemia when the 
are high. The spleen was not palpable and was thought to be great y ^ 
as in sickle-cell anemia. No abnormal blood pressure changes 
the day of administration or later. The independent appeal ance o 
of leucocytes and erythrocytes, and the duration of this rise, exc u 
sibility of its being the result of any kind of redistribution. the 

to consider it the result of action on the hematopoietic system, a ^^gg^jarfy 
previous administration of liver by month and of liver extract m la 
was %vitliout effect. 


SUMMARY 


1. The results of the intravenous administration of H'vei j.gsponse 

tients TOth siclde-cell anemia are reported, w'ith 3 patients s lowin^^ 

and one patient shoAving unusual response of the hematopoietic jg^^cocjhcs, 

2. This response consists in the increase of polymorp ‘ i-espectivebh 

erytiu’ocytes, and reticnloc 3 des on the first, third, and fifti > 

with simultaneous return to previous level on the. tenth ay. lieroa- 

3. This is considered as the result of action of the ex ra 

topoietic tissue. 
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STUDIES IN BLOOD PRESERVATION*- 


Pate of Cellular Elements and Prothrombin in Citrated Blood 


Charlf.s R, Drew, IkI.D., and John Scudder, jM.D. 
Nfav York, N. Y. 


TN A previous article- we reported the changes observed in blood preserved 
^vith heparin. The results presented in tliis study are typical of a large 
number of observations on citrated blood. 


METHOD 


Five cubic centimeters of freely flowing venous blood were collected in 
fiaeh of thirty-five sterile flat-bottoined tubes containing 0.5 c.c. of 3.5 per cent 
sodium citrate solution as the anticoagulant. Tlie blood was kept in a refrig- 
erator at a temperature of from 4° to 6^ C. throughout the period of the 

experiment. 


Each day one tube was taken from the refrigerator and the following 
^terminations were made : red blood cell count, hemoglobin, white blood cell 
eount, differential white blood cell count, platelet count, and fragility test. 

plasma clotting time was done on two samples of 50 c.c. of blood by 
6 method of Quick/’ ® who postulates that the rate of coagulation is a func- 
of the concentration of prothrombin, and the production of thrombin in 
^xalated plasma is proportional to the concentration of prothrombin if an 
excess of thromboplastin is present and an optimal amount of calcium is added. 
^ plasma was recalcified with calcium chloride at a constant temperature 
C. in the presence of human brain tissue emulsion to supply the thromho- 
^stiu substance, the end point being recorded by the shift on a photoelectric 

'^^Ivanometer. 


Sureical Pathology Laboratory of the College of Physicians and Surgeons. 
Thf New York. 

V New I®’ made possible by a grant from the Blood Transfusion Betterment Associa- 
®cel\ed for publication, June 1, 1940. 



1474 


THE JOURNAL OF LABORATORY AND CLINICAL JIEDICINE 


RESULTS 

Donor, W. T. S. 


COMPAllATIVE A’'AIiUES OF BlOOD IN llEPAUIN AND IN SODIUN ClTDATE 


Hematocrit (3) 

Plasma specific gravity (3) 
Plasma proteins (3) 

Whole blood potassium (10) 
Plasma potassium (10) 

Cell potassium (calculated) (10) 


IIEPAIIIN 


sorausi CITRATE 
0.35 PEE CENT 


48.5 

42.3 

per cent cells 

1.0249 

1.0238 

C.12 

5.75 

Gm. per cent 

192.0 

183.0 

mg. per cent 

17.5 

17.2 

mg. per cent 

.377.0 

409.0 

mg. per cent 


Values on Initial Sample Cop.rected for Dilution in Citrate 


Bed blood cell count 
Hemoglobin 
White blood cell count 
Differential ivhite blood cell count 
Pnljunorphonuclear leucocytes 
LjTuphocytes 
Monocytes 

Eosinophilic leucocytes 
Basophilic leucocytes 
Platelets 


5,100,000.0 

15.G Gm. per cent 
7,700.0 

Gl.O per cent 
29.0 per cent 
7.0 per cent 
2.5 per cent 
0.5 per cent 
20G, 800.0 


The result.s of the counts and henioglohin deterininafions are giapliiealb 
represented in Figs. 1, 2, and 3. 

Fragility of Erythrocytes.— The end points were poor throughout these 
studies. An actual curve of fragility could not be constructed on a daily asis. 
As late as the fifteenth day cells could be .suspended in 0.45 per cent so lu 
chloride without complete hemoly.sis. Even on the thirtieth day cells caie u ) 
handled did not lake completely in 0.52 per cent sodium chloride. 

Spontaneous hemolysis w'as first noted on the 
shaking in physiologic saline after the tenth day caused hemolysis. 
on the tenth day are slightly less resistant than those on the fiist, an ^ 
stored for thirty days are definitely more fragile than those stoied oi e ^ 
Protliromhin . — In the first series plasma clotting times I'eie 
period of fifty-two conseeutiA'c hours at one-hour (torvard the en , i ^ 
intervals. This rvas done with the aid of Dr. Ivenneth Olsen. iGi® 
rapid rise in clotting times in the first fifteen hours; at the end o 
the prothrombin content had been reduced to ineffectual to 

was similar to that later published Iw Fhoads and Panzei anc 
indicate that bloods stored for periods longer than a day avou c e 
in treating hemorrhage Avhich resulted from a deficiency of pio ^ 
Eight-daj'-old blood, hoAvever, rvas given a jaundiced patient v 
orrhagic tendency, and bleeding stopped. This ivas reported to l 
made up a nerv extract of rabbit brain and repeated these tests ® ,,o 

plied to him from the blood bank. To his surprise this time 
sudden loss of prothrombin concentration. olita'” 

Through the courtesy of Dr. Grant Sanger Ave have being 

the observations tabulated in Table I on separate bloods, eac i 
careful to use fresh brain extract. 



CELLULAR CHANGES 

; IN citratec 

) BLOOD 

■. 



■■■■1 

■Ml 

mmm 

■ 

H 



PLATELETS 


■v.tfSv.vMHKni 
— nraiHiaiKa 


Fig. 1.— Red blood cell counts, corrected for dilution, vaiied between 5.5 and 4.6. the mean 
b«ing o.l million?. Here there Is an actual loss of l.Ooo.ooo to 1,500,000 cells at the end of 
Ihirty days Hemoglobin values varied between 15.6 and 16 3 Gm. per cent The gradual rise 
is attributed to evaporation. Platelets fell f»om 206.80ft to 87.800 m forty-eight hours, then 
remained constant for about fifteen days, after which time cormts were dlmcult 


CELLULAR CHANGES IN CITRATED BLOOD 




GHOST OR SMUDGED 
LEUCOCYTES 


white blood cell count a.s obsen'ed in the a^^llde 

*>wed thi\ Careful differentiation of cells in the chamber 

a sminJi’ of the total had no nuclei or were so fiagilc that the> broke ana leii 

'^fnudge by the twelfth day. 
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DISCUSSION 

Red Blood Cells . — The maintenance of total erythrocj'te counts at an ap- 
proximately constant level in liepai-inized blood- and the moderate destruction 
of erythrocytes in citrated blood after the fifteenth day of storage suggest that 
cell destruction plaj'S, at most, only a small part in the steady increase of the 
potassium content of the plasma, and insures the recipient of receiving a 
large percentage of functioning cells after periods of storage of at least a month, 


CELLULAR CHANGES IN CITRATED BLOOD 



plasma. , ^ 

White Blood Cells.~The polymorphonuclear leucocytes may tiventy-foi»' 
hazy cytoplasm, and poorly staining nuclear granules as ear y a j,ggpo,isiblc 
hours after storage. Disintegration is extremely rapid it ina?' 

for the steep rise of the potassium curve in the first wee ^ , 
play a part in decreasing bactericidal properties.^’ *' are 

The lymphocytes are more resistant. At the end of 

easy to recognize when seen. ,„.anules reinainin? 

The eosinophiles are most resistant, the eosinoplnlic & brolmn ap- 

particularly bright even when the nuclear material has a e 
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Platelets . — ^Platelets disintegrate more rapidly in heparinized blood^ than 
iu eitrated blood. In both bloods they reach their low point in about three to 
five days. Platelets remaining stay fairly fixed until clumping makes counting 
difficult about the fifteenth day. 


Table I 

Prothrombin Concentrations in Plasma of Stored Blood 


DiTE BLOOD STORED 

DATE TEST MADE 

AGE IN DAYS 

PROTHROMBIN 
CONCENTRATION 
(PER CENT) 

10/27/39 

2/21/40 

117 

47 

10/27/39 

2/21/40 

117 

3S 

11/20/39 

2/21/40 

94 

41 

12/15/39 

2/21/40 

69 

49 

1/31/40 

2/21/40 

21 

52 

2/28/40 

3/12/40 

13 

100 

3/ 1/40 

3/12/40 

11 

100 

2/1G/40 

2/26/40 

10 

68 

2/23/40 

3/ 1/40 

8 

i 

2/23/40 

3/ 1/40 

8 

84 

2/2G/40 

3/ 5/40 

8 

60 

3/ 4/40 

3/12/40 

8 

100 

3/ 4/40 

3/12/40 

S 

80 

3/ 4/40 

3/12/40 

8 

100 

2/19/40 

2/26/40 

7 

100 

2/19/40 

2/2G/40 

7 

76 

2/23/40 

2/29/40 

0 

100 

2/23/40 

2/29/40 

(5 

100 

2/16/40 

2/21/40 

5 

74 


Prothromhin. — The results using the Quick method of determining the pro- 
tlii'ombin concentration yield values similar to those reported by Lord and 
Pastore® using the Brinldious, Smith, and Warner method.' This suggests that 
fbe use of brain extract, which has been kept too long, may account for the 
I discrepancy between reported findings. Dr. Olsen deserves credit for making 
I this very essential observation. 


1- III eitrated blood there is some loss in the number of red blood cells 
'^ginning about the fifteenth day and amounting to from 1,000,000 to 1,500,000 
^dls by the end of the month, 

2. The hemoglobin content remains constant in the total sample, although 
15 to 25 per cent may diffuse out of the cells into the plasma in one month. 

3. The polymorphonuclear leucocytes are diminished to 50 per cent in 
•^fty-eight hours and are amorphous masses in fifteen days. 

The lymphocytes and eosinophiles do not disintegrate so rapidly; the 
^Ikr are particularly well preserved. The monocytes are difficult to trace. 
The platelets fall rapidly to a level ranging from 50,000 to 80,000 and 
at this level for about fifteen days, at which time counts become difficult 
1'^ make. 


i ^ 6. The fragility of red blood cells slowly increases with increasing age ; 

i curves are difficult to establish. 

' prothrombin level is maintained above 40 per cent of normal con- 

^ikration for a period of at least four months. The use of old brain extract 
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B'ill cause clotting times Avliicli are too rapid, thereby giving a false picture 
of the true degree of efficacy of preserved Mood in the therapy of hemoi'rha<!ic 
diseases associated ■with low prothrombin concentrations. 

We are inOentecI to Miss Hiiacgarcl Jtenzel for aid in the protlirombin determinations and 
to Mr. Josiah Lasell for many hematologic studies. 
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EFFECT OP VITAMIN C ON WORKBKS EXPOSED TO LEAD DUST 


S. W. Marchmont-Robinson, Sc.B., M.D., Chicago, III 


T 


HE present study deals with a group of 303 regular employees, pei’ 
of whom liave been iu their present place of occupation foi five 
tlie balance for a longer period. These men are engaged in various tjpes o 
in the assembly of passenger automobiles. of 

Tiie lead exposure in this work of assembly arises from Me pia^ 
covering bodj-^ seams with solder (60 per cent lead), and grinding o 
metal to form a flnsii surface. There is thus thrown into the air ® 
of lead dust which is of variable particle size, the majority of pat 

large to be inhaled. . cthods tiiat 

In a large series of air samples it was determined by stanc ai m^ 
there was a variable concentration along the assembly line of m >a a 

(10 microns or less in size). This concentration varied from o 

cubic meters of air. ^ _ oincide wkf' 

The concentrations of dust and the particle size findings c ^ as- 

report of HnmperdincM on similar load hazards in Eiuopean 
sembly plants. 


Received for publication, June 10, 1840. 
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Provision for ventilation consists of overhead and floor level exhaust ducts; 
and grinders and metal finishers are furnished with daily inspected respirators. 
Floors arc kept clean hy wet sweeping. 


Since early in 1935 all men who were even remotely in contact with lead 
dust have been examined physically, and a basoi)liilic aggregation count was 
made (McCord)- once a month, or oftoncr if complaints arose. 

During tlie period in 1935 in which a wave of hysteria concerning lead 
poisoning was at its height, there were 340 definite complaints tliat ranged from 
abdominal cramps, nausea, and vomiting, to alleged weakness of the extensor 
muscles of the wrists and forearms. The majority of these jllne.sses were 
patently of psychologic origin, but tlicrc wore 13 men in this group who were 
hospitalized for further observation and possible treatment for lead intoxication. 

Urinalysis for lead, both liefove and after dcleacling treatment, failed to 
show an abnormal excretion of lead in any one of these 13 men; and the 
hasophilic aggregation count, with the exception of three of the group, did not 
bear out a diagnosis of lead intoxication. 

i The three men who had a high basophilic aggi*egation were variously found 
^ to have a severe pyorrhea alveolaris and chronic cry])tic tonsillitis, chronic 
; appendicitis, and peptic ulcer. 'When treatment aj)i)ropriatc to these conditions 
i instituted, the blood picture returned to normal, and the lead poisoning 
; disappeared. 

I At this time a routine form of medication for those exposed to lead dust 
j ^as initiated. This treatment consisted of the administration once a week — 
j ^londay — of 1 ounce of a saturated solution of magne.sium sulfate, to wliich 
^ added 15 grains of citric acid and sufficient tincture of cudbear to color the 
i ^i-Mure; this was given to the men when they obtained their tools, thus insuring 
i that practicallj* all the men would receive medication before starting work. The 
results of this treatment, judged by the basophilic aggregation count and lack 
' of serious complaints, were good, but were met with sti-enuous objection from 
liio men. 


^ ^ Beginning in June, 1939, the foregoing medication Avas discontinued, and 
Its place each man Avas given tAA'O pieces of gum containing a total of 50 mg. 
of ascorbic acid. These Avere distributed about one-half hour after the noon 
oneh periud. The men made no objection to taking the gum. and considered it 
® treat. Physical examinations and basophilic aggregation counts Avere con- 
f'riucd as previously. 

After a short period there was a noticeable decrease in muscular fatigue, 
is Avas CA’ident by an increase in efficiency and a feeling of Avcll-being at the 
0*^ of the Avork period. TJie men seemed more elieerful and mncli less inclined 

to uioroscness. 


^ During the five months from June to December, 1939, tiie basophilic 
jSSregation count shoAved a sIoav but progressive decline. At this time further 
^ oratoiy stuefics Avere undertaken as foIIoAA's: (a) urinalysis for lead, (b) 
^■>^^ophilie aggregation count, and (c) a stipple cell count. These determinations 
^*"0 made each Aveek for scA’en AA'ceks, covering a period of thirty-five Avorking 
is of eight hours each. 
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During this test period production was at its peak, humidity was high, and 
there was a slow circulation of air due to the low temperature of the outside air. 

Urine wms collected at different periods of the working day to obtain a fait 
average of lead excretion. A total of 1,996 anatyses for lead were made, or an 
avei’age of 6.5 analyses per man. 

The results of the lead urinal 3 ’sis are showm in Table I. 


Table I 


No. OF MEN 

PEE CENT 

AV'ERAGE OF UKINAEY LEAD 
EXCEETION pee LlTEE (7) 

99 

32.6 

,39.5 

96 

31.6 

61.5 

48 

15.8 

80.2 

24 

7.9 

110.4 

14 

4.6 

134.5 

10 

3.3 

160.9 

5 

1.6 

189.6 

n 

0 

0.9 

219.3 

1 

0.3 

205.0 

2 

0.6 

405.0 

1 

0.3 

541.0 


Tliose below 100 7 per liter, 243 men, or 80.2 per cent, averaged 02.4 7 per Wet. 
Those above 100 7 per liter, 60 men, or 19. S per cent, averaged 157 7 per liter. 
The average over-all excretion of 303 men equaled 77 7 per liter. 


In this series was one man who excreted an average of 541 y per hter. 
Further questioning revealed that he had had acute lead intoxication severa 
years previously. He had not ivorked with lead for eight years, and was at 
least tivo city blocks awaj" from any lead; therefore, his exposure has been ni. 
Under the influence of vitamin C, we are evidently releasing tlie fixed lead roni 
his bones and he is excreting it without showing anj' clinical sjTnptoms 0 ea 
intoxication. 

The workers ivho showed an average of more than 100 y per liter of urine-- 
60 men — were studied further. The urine and blood counts were continue 
fortnightly intervals. At the end of April, 1940, the lead excreted in the urm^ 
has shoivn no decline, and the basophilic aggregation and stipple ce con 
have remained ivithin the normal range. 

DISCUSSION 

Prom the foregoing it is apparent that this study confirms the 
of Holmes^ that vitamin C (ascorbic acid) has a detoxifying action on e ^ 
the human body. Hoivever, we cannot agree that the urinary lead 
decreased bj’’ the administration of vitamin C — since our findings ® 
tinned high level of excretion over an observed period of five mont s 1 
workers continuously exposed to a high concentration of lead dust. 

It is difficult to reconcile our findings with those of Shiels, an 
and Scott^; i.e., that there are definite levels of concentrations for ea^^ 
urine and blood, above which levels, one finds lead poisoning. ^ j 2 Sialh' 
criteria of blood cell counts, phjmcal condition, and lack of Ije said 

associated wdth chronic lead absorption, the subjects of this stu y 
to show no emdence of lead intoxication whatever. FairhalP ms ],ut 

high urinarj* excretion of lead is not of itself evidence of lea m 0 . 
rather of lead absorption onljL 
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We have found no evidence that the storage of lead is promoted by vita- 
min C. Bather the reveree is true, as show by the workman with the highest 
level of excretion in the group. As stated, this man lias been previously exposed 
and has been treated for lead intoxication. 

Farther investigation in the deleading properties of vitamin C arc being 
undertaken. 

It seems possible that the effect of lead on the human economy may be only 
indirectly toxic, the absorption of lead producing an avitaminosis C. This is 
the condition of vague S3Tnptoms known as chronic lead poisoning, but is in 
reality chronic subclinical seurvT. 

CONCLUSIONS 

1. The routine administration of 50 mg. of ascorbic acid daily appears to 
protect workers exposed to lead dust against the usual effects of chronic lead 
absorption. 

2. The rate of urinarj’ excretion of lead in workers continually exposed 
to lead dust is not decreased by the routine daily administration of 50 mg. of 
ascorbic acid. 

I wish to express my appreciation to I>r. Milton H Kronenburg, Chief of Division, and 
K. M. Jiorse. Engineer, of the Illinois Industrial Hygiene Bureau, for the air-borne dust deter- 
minations; and to Doctors E. K. Nielsen and H. A. Cranston for the determinations of urinary 
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CLINICAL CHEMISTRY 


A COMPARISON OP THE HEMOGLOBIN RESPONSE TO 
VARYING DOSAGES OF IRON^‘ 


Adelaide P. Barer, Ph.D., and Willis M. Fowler, ]\I.D. 
Iowa City, Iowa 


A 


LTHOUGH the efficacy of simple iron salts in the treatment of iron defi- 
ciency hypochromic anemias has been adequately demonstrated, there is still 
a question as to the relative effectiveness of various sized dosages. The nsnaib 
recommended doses are large and the present consensus is that a massive dose 
of iron is the advisable method of therapy. Balance studies have shown, hov 
ever, tliat sufficient iron is retained from the administration of a smaller amo\m 
of the drug, so that adequate quantities are available for hemoglobin formation 
as well as for replenishment of the depleted reserves.’’ ^ From those ata i 
would seem that doses smaller than those usually recommended should pro 
a satisfactory increase in hemoglobin. The danger of large amounts of non la- 
been suggested bj’' Elvehjem^ and others,^ and althougli we were unab e to croon 
strate that iron significantly affected the metabolism of calcium 
in the adult,“ the large doses may not be without danger. It was a so ® 
balance studies that large amounts of iron were retained by the hoc} 
pei’iods of time,’ and although only one instance of a severe reaction ° 
administered iron has been recorded,® it does not seem wise to ov 
body with an excess such as must occur with the commonly employe oses 
administered over a long iieriod. ^ • i 

It has been demonstrated that large doses of iron produce 
response in hemoglobin formation than do smaller amounts’ ’ metal- 


1 salts, 


salts are more effective than ferric salts when compared on a basis ’ eiua'cs 
lie iron content.”’ Moore” has shoum that the serum iron a 
are higher following the ingestion of ferrous than of ferric sa Is. ^ 

compare the effectiveness of varying sized doses of iron and of aaiioiw 
we have administered these preparations to groiqis of patients vi 
comparable degrees of anemia under identical conditions. of iron 

Prom balance studies with iron and ammoiiiuin citrates ^the 
excreted, retained, and utilized from a given dose ivas Imown, ’ so 
was selected for the first of the clinical trials. All subjects seee e on 

young adults, with no illness except the mild anemia w nc i jnfectioOi 

routine examination, and none was studied who had ha a genio- 

hemorrhage, or other disability which might affect the bloo mm o 
o-lobin determinations were done by the Newcomer 
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determined by the Van Allen method,’'^ and ciytlirocyte counts were done on 
instruments certified by the United States Bureau of Standards. In the accom- 
panjing charts only the hemoglobin changes are recorded, although hematocrit 
readings and erythrocyte counts Avere done at the time of each hemoglobin 
determination. 



To one group of 18 persons was given 0.5 <«m. (Tl/o grains) of iron and 
ammonium citrates per day. The average hemoglobin level for this group was 
Gm. per 100 c.c. The average hemoglobin gain for the entire group in a 
period of six Aveelcs is shown in Chart 1, and it will be noted that although 
there is an increase in hemoglobin, the gain is too slow to be considered a 
satisfactory response. Daring a subsequent six-week period 1.5 mg. of copper 
sulfate Avere added to the same dose of iron and the hemoglobin gain was no 
luore rapid than Avithout the additional copper.’® Tliis amount of iron and 
ammonium citrates yields approximately 85 mg. of elemental iron per day, but 
from the results recorded here it is obvious that this amount of iron in the form 
iron and ammonium citrate.s is inadequate to produce a satisfactory clinical 
response. 

To a similar group of 15 persons, Avhose initial hemoglobin averaged 11.53 
was given 1 Gm. (15 grains) of iron and ammonium citrates per day. 
This yields approximately 170 mg. of elemental ii'ou per day, and the balance 
studies had shoAvii that approximately 30 per cent of this, or 53 mg., Avas 
J^tained, and that 9.3 per cent, or 16 mg., Avas used immediately in hemoglobin 
joi'ination, so that an abundance of metallic iron Avas being retained in the 
AVith the administration of this amount of the drug there Avas a hemo- 
fi'olnn increase of such degree that the average gain at the end of twelve Aveeks 
1-82 Gm. per 100 c.c. of blood (Chart 1). Following this, as has been 
Pointed out," there Avas a gradual reduction in the hemoglobin in spite of 
‘■oiitiiiued iron administration. It is aa’^cII recognized that the rate of hemo- 
^'oum regeneration Avill depend on the degree of anemia as Avell as on the 
of iro]^ administered. The anemia in this group of persons Avas mild 
nd tlie gain of nearly 2 Gm. in the tAvelve-Avcek period seems very satisfac- 
although it is small in comparison Avith the results obtained in severe 
anemia. 
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A third group of 21 persons, jvith an average hemoglobin of 10.95 Gm., 
was given 3 Gm. (45 grains) of iron and ammonium citrates per day. This 
jdelds approximately 500 mg. of metallic iron per day ; it has previously been 
shoivn that with this dosage 32.6 per cent of the ii’on was retained, but only 2 per 
cent of the amount administered was utilized immediately in hemoglobin forma- 
tion in a group of 10 patients with an average hemoglobin level of 5.95 6m.' This 
means that an average of 167.5 mg. of iron was being retained per day, 10.3 mg. 
was utilized in hemoglobin formation, and that 157.2 mg. was retained in addition 
to that used immediatelj’’ in hemoglobin. With this dose of iron and ammonium 


citrates tlie average gain for the 21 patients was 1.78 Gm. at the peak of the 
response, a figure which is very similar to the response obtained with 1 Gw- 


of the same drug per day. The difference in the two groups lies in the fact 
that with 3 Gm. per day the peak of the hemoglobin production oceurred in 
the eighth week instead of the twelfth week. The response ivas more rapid 
but no greater than with a smaller amount of iron (Chart 1). Following the 
peak in the hemoglobin response, there was a gradual regression during the 
following four weeks of observation in spite of continued iron administration. 


Similar studies were carried out with small amounts of other simple iron 
salts for oomparisou with those obtained ivith iron and ammonium citrates, e-. 
duced iron, 1 Gm. per day, was given to a group of 7 persons w’ith an aierage 
hemoglobin of 11.36 Gm. ; it produced a slightly greater increase in hemog o w 
than did 1 Gm. of iron and ammonium citrates with the peak of response 
in the tenth rather than in the twelfth week. Reduced iron is an insoui® 
preparation but one wliieh is much higher in its metallic iron content t 
other iron salt. As compared with 1 Gm. of iron and ammonium citrate, v u 
contains approximately 170 mg, of metallic iron, 1 Gm. of reduced iron con ai ^ 
nearly 980 mg. of metallic iron so that the greater amount of iron compensa 


for its insolubility in producing the i-esults shoivn in Chart 2. 

Iron and sodium citrates, 1 Gm. per day, was administered to a 
13 persons with an average hemoglobin level of 10.72 Gm. T le 
shown in Chart 3. The response was somewhat less than ivith a simi 
iron and ammonium citrates or X'edueed iron, but not significant y 

Both clinical and experimental evidence points to the Pj^jr 

salts are more effective than ferric salts when compared on tlie^ tke 

metallic iron content. This is substantiated by our results m n 
administration of 0.36 Gm. (6 grains) of ferrous sulfate ^ j^gnio- 

11 persons with an average hemoglobin level of 10.58 Gm. pro i 
globin response comparable ivith those obtained with much laiger ° . 


globm response comparable ivith those obtained witn luucu „.,oximatcI.v 

iron salts (Chart 4). This amount of ferrous sulfate dose 

80 mg. of metallic iron as compared with 170 mg. in the smal es e 
of iron and ammonium citrates and 980 mg. in reduced iron. whid' 

with the metallic iron content in 0.5 Gm. of iron and ammonium 


was shown to be ineffective. , gvei? 

It is interesting to note tlie similarity of the 
instance. As was pointed out in a previous comniumeation, ^^p^g 

increased to a peak; this was followed by a decline even i ^gj. 

amount of iron was administered continuously. These pers 
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lowed for as long a period as was true in the preceding study, but the hemo- 
globin curve had essentially the same contour for the shorter period ami sup- 
ports the idea of a stimulating or catalytic etfect of iron’®' on hemoglohiu 
formation. 

It is useless to siieculate on the minimal effective dose of an iron salt 
because this will vary so greatly in individual patients. Even the commonly 
employed doses need to be increased in certain cases to procure an adequate 
response. Hence the results reported here are not intended to be an argument 
for a wholesale reduction in the amount of iron administered per day to these 
patients. The renaissance in iron therapy has been due in part to the admin- 
istration of larger amounts of this mineral, and these larger dosages arc ad- 
visable in cases of severe anemia and when it is impossible to follow the patient 
bj^ frequent hemoglobin determinations. It has been shown that 80 per cent 
of the patients respond satisfactorily to smaller doses'* so that in the case of 
mild degrees of anemia or as a maintenance dose in idiopathic hypochromic 
anemia smaller amounts should be satisfactoiy for adequate therapy. The 
results are presented as a comparison of the effectiveness of varying amounts 
of iron in different iron salts in comparable eases. 


SUMMARY AND CONCLUSION 

When varying doses of iron and ammonium citrates were employed in the 
treatment of mild anemias, it was found that 0.5 Gm. per day was too sma^ 
to be of value. The response to 1 Gm. of the drug per day was 
although the hemoglobin increase was less rapid than with 3 Gm. o 
preparation per day. Reduced iron, 1 Gm. per clny, and iron am so i 
citrates, 1 Gm. per day, gave practically^ the same response as die 
iron and ammoninm citrates. Ferrous .sulfate, 0.36 Gm. (6 giaiRs) poi 
was as effective as 1 Gm. of the other drugs, although the metallic iion co 
is much lower. 


I,- AdministMeil 
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BLOOD FINDINGS IN LATK PRKfiNANCY* 


J. AV. JtULL, Pn.D., AXD A. II. Bii.l, AI D. 
Cleveland, Ohio 


B lood findings on pregnant women may not iogieally lie compaied 
those on normal nonpregnant women. Fre.inently the differences found ho- 
tween normal and complicated pregnancies are e.xtreniely impoitant , as, oi 
example, in toxemia, anemia, or following sulfanilamide thcrapj . oi o is e tie 
work, therefore, standards or ranges based on findings on normal pregnan 
women should ho used. 

Ill Table I we present such data for the earhou dioxide and oxygcii con- 
tents of the blood, the oxygon capacity, the red blood cell count and Yolnme, 
and the hemoglobin. The table includes the maximum and minimum findings 
awl the averages from a series of 30 dispensary patients, \\hose ustoiies an 
physical examinations indicated that tlicy were normal pregnant omen. ’ 
these results Ave have calculated by distribution formulas the langc m nc * ‘ 
include individual findings on all normal pregnant women 95 per cent o 
time. For comparison we have included the normal nonpregnant ' ” 
these same determinations, compiled from findings published in t le i eia ui 
nud accepted by various texts. 

The oxygen and carbon dioxide determinations Avere made, viti a eit 
"Mvoidahle exceptions, in duplicate, in a manomctric apparatus alter 
I method of A"an Slyke and Neill,' msing oxalated venous blood, drawn free flo - 
j '»? from the arm under oil. Agreement hetAveen the duplicates was goo , 
“'eraging less than 2 per cent difference. The red blood cell counts and led 
'’’ood cell volumes were determined on the same samples, in the usual • 

1 "maoglobin readings were made by the Sabli method, using a ^^Liiidard ot 
! '^-8 mg. per 100 c.c. as 100 per cent, and were also calculated front t c v 

I ™t«fity by formulas.t Fresli blood was used tliroughout and all woric At as 
i 2^!lleted in from three to five hours from the time the specimen was draun. 

«'o Laboratory of llic Maternity Hospital on., the Department of Obstetrics, 

' Reserve Uni\ersity, School of Jlecllcine. Clevelanil. 

' ‘ecelved for publicntion. Xovcniber 15. 1940. chtraotinfr the 0.5 volume per 
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In view of the numerous factors which ma,y aifect the oxygen content of 
venous blood, of which Keys® found individual variation the greatest, our 
values for carbon dioxide and oxygen content are remarkably consistent, show- 
ing somewhat less variation than others have reported. Onr range and average 
are a little lower than those Keys found with nonpregnant women, and also 
less than Eastman’s® 11 volumes per cent at delivery, or Smith’s* average of 
12.1 volumes per cent for 10 women in labor, before anesthesia or delivery. 

Table I 



NO. 

DETERJfl- 

NATIONS 

1 

' AVERAGE 

1 

! 

RANGE OP 

j actual 

DETER- 

MINATIONS 

1 

STANDARD 

deviation 

CALCULATED 
RANGE* (IN- 
CLUDES 95 
PER CENT OF 
ALL NORMAL 
PREGNANT 

determina- 

tions) 

NOr.M.M 

range FOK 

NONPREO- 

Inant women 
taken nnsi 

THE 

LITERATl'EE 

COj content in volume 

30 

47.66 

38.66-55.04 

3.58 

40.50-54.82 

45-CO 

per cent 







0„ content in volume 

30 

C.90 

2.S0-12.1S 

2.18 

2.55-11.25 

1 ll-li-O 

per cent 







Oj capacity in volume 

30 

15.25 

12.13-19.37 

1.79 

11.G5-1S.85 

17-20 

per cent 







Erythroc,ytes per c.mm. 

30 

3.78 

2.94- 4.79 

0.53 

2.71- 4.84 

4.25* 5.00 

Hed blood cell volume 

I 29 

28.50 

22.2 -33.0 

2.73 

23.04-33.96 

So-M 

in per cent 





1 


Hemoglobin by 0- ca- 

30 

11.00 

S.C8-14.08 

1.35 

8.30-13.70 

13.0-15.( 

pacity 







Gm. per 100 c.c. 







Hemoglobin by Sahli 

24 

11.00 

8.42-12.97 



lo.o 

Gm. per 100 c.c. 

1 



1 





*Two times the standard deviation added to and subtracted fym the a^e^aBe gi 
range which includes all individual determinations 950 times out of l.OOU. 


The oxj'^gen capacity determination is more exact, since it is 


not affected 


for both venous 
from the 
iters and 
17 to IS; 

conceded 

cent agrees 


by the factors which tend to vary the content, and is the same 
and arterial blood. Here again pregnancy causes a definite loweiing 
generally accepted standards. For normal nonpregnaiit women Peters a 
Van Slyke® give 17 to 21 vmlumes per cent oxygen capacity; Keys, If 
and Todd and Sanford,'^ 18 to 24 for both men and women, men being conce 
to average higher than women. Our average of 15.25 volumes pel 
well with Eastman’s 15.4 at delivery, without anesthesia, and is but s ig 
lower than Smith’s average of 16.8 for women in labor. 

Oxygen capacity determinations are particularly practical 
nilamide therapy. This is illustrated by Table II, where we 
a brief survey of the laboratory findings on 8 selected patients, f | ® below 

Nos. 1, 2, 3, 6, and 8, .show a serious fall in oxygen capacity to a 
the lower limits, 11.65 volume per cent, of the normal snlfa- 

more than 2 volume per cent. In Case 2, even as low a concentia 
nilamide as 2.7 mg. per 100 c.c. of blood was sufficient to depress t g„(] 

pacity. Cases 4 and 7 show declines that were checked by blood 
paiTial withdrawal of the drug. This decline in oxygen capacity on } ,jgvcr be 
follows the use of the drug, but it is alwaj^s a possibility that s lo 
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neglected. In the cases ■\vliere it does occur, the oxygen-carrying power of the 
cells is apparently blocked, so that an oxygen tent is powerless to relieve the 
situation. This conclusion is supported by the fact that as the oxygen capacity 
falls different hemoglobin methods fail to agree, the colorimetric methods, 
either Sahli or alkaline hematin, invariably giving higher results. Further, 
there is no correlation between the blood count and the oxygen capacity. ^Yith- 
drawal of the drug, supported by transfusions, restores the oxygen capacity 
and the agreement between the hemoglobin findings. 

Another effect, illustrated in Cases 2, 4, 5, and 7. is the depression of the 
carbon dioxide content of the whole blood. This docs not parallel the oxygen 
capacity fall, nor is it exactly proportional to the concentration of the drug 
in the blood, but it is relieved by withdrawal of the drug or by blood trans- 
fusions. No significance has so far been attaolicd to it. 

The per cent of oxygen saturation is varied not only by all the factors 
H’hleh affect the content, but also by those which affect the capacity As is to 
be expected, our range is quite wide, and little significance can be attached to 
I individual findings. The tendency to lower averages, liowever, is interesting. 
Smith reported 71.1 per cent for women in labor; Eastman. 71 per cent at 
delivery, with no anesthesia ; and Iveys, 62.8 per cent for nonpregnant women. 
; find an average of o'dly 44.9 per cent for late pregnancy. Although the 
! red blood cell count varies quite widely and is of less diagnostic value here 
j Ibaii in other circumstances, it is consistently lower than that of nonpregnant 
j normal women, averaging 3.77. The red blood cell volume, however, is quite 
consistent, averaging 28.5 per cent, as opposed to the nonpregnant 40 per cent. 
Tile hemoglobin derived from the oxygen capacity naturally parallels those 
values, and shows little variation. The Sahli findings likewise are very con- 
sistent and agree remarkably with the other hemoglobin values, averaging the 
same. While the findings on a given individual do not always agree, it is 
'worthy of note that no Sahli readings fall outside the calculated range estab- 
, lisbed by the oxygen capacity method for hemoglobin. 

There is less interrelation between these different blood findings than 
) i"i?ht be anticipated. The oxygen and carbon dioxide contents might seem 
lo be inversely proportional, but upon applying Pearson '.s correlation formulas 
; find the relation just fails of significance. Neither is there a direct relation 
I ct\\cen the red blood cell count and red blood cell volume, probal)ly due to 
1 variation in the size of the red blood cells, even when applying Pearson's less 
I c.\act rank formulas, which take into account only the order of magnitude 
; of exact values. Tlie oxygen capacity and red blood cell volume did 

i ® fill a bare .significance, but in view of the short .series reported, this can only 
I ^ noted as a tendency which might he confirmed in a longer series. 

. ^^Pparently neither age nor the number of children affects the blood fiiul- 
Seven individuals reported were over 25, two were 40, yet none shon 
s'?:nificant variation from the general average. Similarly, 11 of the 30 
or more children, one 5, one 6, and one 9; yet these, too. agree with the 

general averages. 
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SUMMARY 

Tables of blood findings, including the calculated ranges for normal eases of 
late pregnancy, are presented. 

The pi'actical value of laboratory work for patients on sulfanilamide or allied 
drug therapy is illustrated with a few' selected cases, showing a serious fall in 
oxygen capacity unrelated to the red blood cell count. 

Lack of correlation is demonstrated between the ■widely varying red blood 
cell counts and the more uniform red blood cell volumes, while a tendency toward 
correlation is indicated betw’een the oxygen capacity and the red Wood cell 
volume. 

A rough parallel is shown betw'ecn the colorimetric Sahli hemoglobin read- 
ings and those calculated from the oxygen capacity, and thus between the Sahli 
readings and the oxygen capacity. 
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CORRELATED HEMATOLOGIC, PHYSICAL, AND CHEMICAL STULI ' 
OF THE BLOOD AND STR05IA IN POLYCYTHEMIA 
AND BEEP EklBRYO* 


Betty Nims Erickson, M.S., Olh’e Hoffman, Ph.D., Eliot P. Be.wh, P 
Harold H. Williams, Ph.D,, and Icie G. Macy, Ph.D., Detroit, 1 ic 


INVESTIGATIONS of the blood in hemolytic^ and_ pernicious 'J 

A shown marked alterations in erythrocyte composition, and 
posthemolytic residue, or “stroma,” prepared from the blooc ^ 
experimental disulphide anemia has proved that abnormalities^ in 
structure of the red blood cell may be induced by anemia. 
cythemia offers a striking hematologic contrast to the anemias, 
it provides an opportunity to secure sufficient human blood 
tologic, physical, and chemical investigations, together witi e 
preparation and study of the eiythrocyte stroma. ^ ^ i « thorougb in- 

Our present objective has been to make a coordinated an a 
vestigation of the blood in polycythemia as possible. The detai e s 


♦From the Research Laboratory, Children's Fund of Miuhisan, meeting ef 

A preliminarj' report of this study was presented before 
American Society of Biological Chemists, Toronto, Canada, Ap , 
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specific cases has been chosen rather than less exhaustive oliservations upon a 
larger number of patients. In order to interrelate the hematologic, physical, and 
chemical characteristics of the blood with that of the stroma or fixed framework 
of the er 3 -throcyte, a relatively- large quantity of blood, from the standpoint of 
the human subject, must he obtained, despite the use of microchemical methods 
of analj’sis. Prom 30 to 50 ml. of blood arc required for all the hematologic, 
physical, and chemical measurements. An additional quantity (250 to 500 ml.) 
of blood must he secured for the stroma preparation ” From 5 to 10 Gin. of 
erythrocyte posthemolytic residue or stroma arc required for lipid and amino 
acid anal.vses. 

The patients of this study have been under clinical observation and treat- 
ment for a niimhcr of years, and inasmuch as the withdrawal of blood at periodic 
intervals was the procedure used to control the polycythemia, it offered the first 
opportunity to make this type of investigation with human beings. 


EXPEKIMENTAL 


Two established eases of primary polycythemia vera and one of eardiae 
origin were studied. Subject J. S.t (male, aged 49 years) had been under obser- 
vation for over ten years. Treatment with pbcnylliydrazine and x-ray had been 
used, but not in the three years prior to the lime at which the.se studies were 
made. Subject P. H.J (male, aged 31 years) exhihited a mild polycythemia vera. 
"ith a red blood coll count never above 7.5 million per cubic millimeter. Subject 
A-D-t (male, aged 31 years) suffered from a congenital licart deficiency and was 
reported to have been cyanotic since infancy. All three patients were being 
treated by periodic venesection during the time these studies wore made. 

Samples of blood for chemical analysis and stroma preparation were remov-ed 
'Tnepuuoturo. Determinations of red blood cel! count, hemoglobin, hemato- 
^iit, diameter, specific gravity-, and water content were mode ; from these, cor- 
puseiilar volume, weight, thickness, and hemoglobin and water content were 
calculated. The chemical data included jnineral analyses (sodium, potassium, 
cWoride, calcium, and. phosphorus) of the serum and red blood cells; the lipid 
•'^Iribution (total, free, and esterified cholesterol, total phospholipid, lecithin, 
<^cphalin, sphingomyelin, cerebrosides, and neutral fat) of the plasma and 
^l^throeytcs; and the amino acid and lipid partition of the stroma prepared from 
erythrocytes. The hematologic and chemical methods have been outlined in 
previous studies from this laboratory/'® as has the procedure developed for the 
of the posthemolytic residue/ 


'• 

[«frigefator ' 

powdered.? 


or stroma Involves separation of Uie fixed frame- 
The erythrocytes are separated by centrifugation 
if physiologic saline The washed erythrocytes are 
•^te buffer (pH 5.0 to 5.5). The material is then 
30 to 40 thou'^and r.pm.). and the precipitate is 
‘r This suspension is ground In a ball mill in a 
' again placed in 20 volumes of buffer and run 
s process Is repeated four times, after which the 
oglobin content. The material is then dried in a 


•I <? ‘liank Dr.' E. A. Sharp of Parke. Darla & Co. ami the staff of the anemia clipic 

their cooperation in making accessible these cases for study, and for 
tir the collection of the blood samples. 

'•'s and the courtesy of Dr. Warren B. Cooksey and Dr. Hugo A. Freund In arrang- 

'isslsting with the studies on patient P. H. 
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RESULTS AND DISCUSSION 

The hematologic and physical characteristics of the erythrocytes are given 
in Table I. The average red blood cell of the mild polycythemia vera (P.H.) 
is of normal size, shape, and "weight, in agreement "with general literature reports; 
the volume and weight in the more severe case (J. S.) show some decrease. Both 
cases demonstrate a decreased quota of hemoglobin per cell. In contrast, the 
erythrocyte of the cardiac polycythemia (A. D.) exhibits a full quota of hemo- 
globin and increased volume and weight owing in part to elevated mineral and 
lipid contents, but chiefly to an augmented water content. Values indicative 
of the weight of the nonhemoglobin protein of the cell are low for polycythemia 
vera (1.1 and 2.1 Gm. x 10-’-) but normal in the cardiac case (3.3 Gm. xlO"”). 
Comparable, but slightly lower A’alues, arc obtained from the difference between 
the total nitrogen of the cryoscopically dried cell and that accounted for by the 
hemoglobin and lipid. 

Table I 

Hematologic and Physical CiiAKACTEniSTics or Erythrocytes in Polycythesiia 


POLYCYTHEMIA 



Hemoglobin (Gm./lOO c.c.) 15.4 lEo 

Red blood cells (millions/c.mm.) 5.4 1-2 

Hematocrit (per cent) 44 67 

Corpuscular : 

Volume (c.m) S6 S2 

Diameter {/i) 7.7 7.7 

Thickness (li) 1.8 1-6 

Weight (X 10-'2 Gm.) 95 88 

Hemoglobin (x IO -12 Gm.) 29 21 

Water (x IO -12 Gm.) 68 63 

Mineral (x 10-A2 Gm.) O.G 0.6 

Lipid (x 10-12 Gm.) 0.4 0.6 

Konhemoglobin protein (x IO -12 Gin.) 1.9 

Undetermined weight (x IO -12 Gm.) 3.0 2.1 

Nonhemoglobin protein/lipid ratio 4.9 — 

The mineral analyses of the serum and eiwthrocytes are ghen in Ta^ 

The values for serum water, protein, sodium, potassium, chloride, 
phosphorus are within normal limits. Values for the mineral nnc 
position of the erythrocytes are given in terms of average 
tration, rather than on the basis of a unit weight of cells, in ore er 0 
the composition of the indmdual cell in the various conditions. 
cardiac polycythemia tvere abnormalities displayed in the erv no 
of minerals; increases were found in sodium, chloride, and watei. pie 

on the basis of milliequivalents per liter of cell water further ^nmn. 
elevated chloride and sodium values, and, in addition, a compensa 0 

in potassium. presented 

Data on the lipid distributions of the plasma, cells, and stroma 
in Table III. A reduced free cholesterol in the plasma of ^^^gj„j,jficantly 
was a consistent finding. An increased plasma phospholipid m ggj.piac 

higher proportion present as cephalin Avas observed in the pa len 
polycythemia. Although Boyd has reported no disturbance m similar 

of plasma lipids in polycythemia,® inspection of his data revea 
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to those noted above; i.e., a reduced free cholesterol in polycythenua vera and 
an elevated phospholipid in secondary polycythemia. 

The data demonstrate that the increase in total corpuscular lipid in poly- 
cythemia veva is due mainly to an elevated total phospholipid, which is reflected 
in the cephalin and sphingomyelin fractions. In the patient with cardiac dis- 
order the marked augmentation of corpuscular lipid is accompanied by corre- 
sponding increases in free cholesterol and neutral fat as well as total phospho- 
lipid. It seems significant, however, that the major increase occurs in tlie phos- 
pholipid and is reflected in all three fractions, cephalin, sphingomyelin, and 
lecithin. 

Table II 


JIlNER.VLS OF SEUUM AND ERYTHROCYTE.S IN POLYCYTIIEMI.V* 



NOItMALt 

1 POLYCYTHEMIA 


1 VEIIA 

CARDIAC 

Plasma protein (Gni./lOO c.c.) 

7,1 

J. S. 

P. H. 

0.9 

A. D. 

8.1 

Serum : 





Sotlium (meq./liter) 

140 

340 

143 

143 

Potassium (mcq./liter) 

4 

7 

4 

7 

CUloride (meq./liter) 

103 

97 

101 

103 

ttater (Gni./hter) 

944 

9R2 

935 

930 

Erytlirocvte: 





Sodium (mcq. x lO-is/ceU) 

lo 

21 

20 

44 

Potassium (ineq. x lO-ia/oell) 

89 

9() 

13.3 

90 

Chloride (meq x in-ni/cell1 

45 

45 

51 

70 

"ater (Qm. x lO'ia/cell) 

G.3 

g:i 

G9 

10 

Serum: 





Sodium (meq./liter of water’) 

148 

150 

1 153 

153 

PuUssium (meq./liter of water) 

4 

1 -8 

1 4 

7 

ttiloruie (meq./liter of water) 

109 

104 

in.s 

no 

Erythrocyte: 





Sodium (meq./liter of watei) 

; 25 

31 

27 

54 

roiassmni (meq, /liter of water) 

1 144 

341 

179 

117 

(moQ./liter of water) 

1 72 

1 00 

09 

80 


^ere normal^ inorganic, and ackl-soluble phosphorus, in serum and erythrocytes, 


t\alues from previous studies 


The increased phospholipid, particularly the cephalin and sphingomyelin 
*‘3ctions, is in striking contrast to the characteristic changes of the erythrocyte 
foniposition in severe anemia;^' ^ it is similar, however, to the chemical alterations 
uced ill the red blood cells by liver therapy in pernicious anemia during the 
f'nod of active reticulocyte response.®' ” There seems to l)o no evidence, tiiere- 
of an accumulation of old cells exhibiting fatty degeneration; rather, tlie 
presence of young cell forms and active hone marrow .stimulation. * These 
^gs arc in agreement with hematologic observations of the prosence of im- 
_iature red blood cell forms in the circulation'®- " and the histologic evidence of 
'I'^reased erythroblastic activity of the bone marrow in polycythemia.'^- 

The augmented lipid content of the erythrocyte may he indicative of a 
amount of fixed lipid structrrre, inasmueli as experimental data have 

span tor beBinnina anil complete hemolysis liy hypotonic sodium chloride 
_ sole evidence ot the presence lif cells of varied ages, particularly Immature forms. 

Of venesection may have had some effoct upon bone mariow activity and tlie 

> nrocytes released into circulation. 
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•Values from previous studies^' 
tAverage oC 2 samples. 
tAvcrago ot G samples. 

§Avorage of 1 samples. 
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sho^\■n that practically all of the lipid in the intact erytlirocytc is (‘ombinecl with 
thestroma^^ The posthemolytic residue prepared from the erythrocytes in poly- 
cythemia exhibited an elevation of total lipid, chiefly cholesterol ( Table III). An 
augmented phospholipid content was found in tlic preparations from P. H. and 
A. D. and was reflected in the sphingomyelin and ccphalin fractions, respectively. 
The differences between cells and stroma in the phospholipid partition indicate 
that a portion of that present in the whole cell is not combined with the stroma. 
These lipid anomalies are diametrically different from those found in the red 
blood cell stroma of dogs subjected to experimental N-propyl disulfide anemia, in 
which reductions of total lipid, phospholipid, and cholesterol were observed 
The lipid distribution of the posthemolytic residue of embryonic beef erythro- 
cytes (Fig. 6) has lieen included (Tabic III) in view of suggestions tliat poly- 
cythemia vera may be analogous to fetal polycythemia.’" No similarities between 
the lipid abnormalities of the embryonic beef and polycythemia vera erythrocytes 
are evident. In fact, the embryonic preparations, m comparison with stroma 
from erythrocytes of adult beef, exliibit lower total lipid, free cholesterol, and 
phospholipid, differences which are suggestive of the anemias, and recall tlie 
hematologic similarities of fetal and pernicious anemia erythrocytes.’® 

Table IV 

Amino Acin Analyses of ERYTiir.or \te PosuiF.MOLYTir Reripit in 
• Polycythemia and Peep Kmbuyo.r 
(Millimols per 100 Gm. op protein*) 


embryo$ 

29.0 ± 2.7 
n.5 ± 1.3 
:n.o ± 2.4 

9 S ± 0.S 

10.0 ± 2.0 

0.7 ± 0.5 

13.7 ± 0.2 

Analyses on alcohol ether extracted preparation 
tValues from previous studies.® 

}A\erage of 4 preparations with average deviation from the mean. 

I.Vverage of 5 preparations with average deviation from the mean 


NORMAL 

I'OLYCYTIIEMIA 


HUMAN 

VERA 

<\\RPI \l’ 

NORMAI.t 

27.(5 

J. s.t 

26,(5 ± O.G 

P. H. 

27.4 

A. D. 

39 5 

29.3 

13.5 

11.7 ± 1.7 

8.7 

m.5 

12..! 

2(5.0 

24.S ± 2.0 

2G.8 

21.0 

24.0 

7.5 

9.0 ± 0.8 

8.0 

s.s 

7.4 

14.9 

15.3 ± O.G 

15.G 



11)0 

5.9 

5.8 ± 0.3 

O.G 



5.0 

1.1.0 

13.1 ± 0.4 

12.G 

13.7 

13 S 


Arginine 
Histidine 
Ly»iDe 
Cysteine 
Tyrosine 
"I ryptoplianc 
Total nitrogen 
(per cent) 


^ The protein fraction of the posthemolytic residue has been analyzed for six 
acids: arginine, histidine, lysine, cysteine, tyiosine, and tryptophane. 
Since these amino acids do not have uniform molecular weights or nitrogen eon- 
the analyses are expressed in terms of millimols per 100 Gm. of protein 
iR Table IV. polyevthemia vera less histidine was found than is present in 
jiofmal stroma ; in the severe case ( J. S.) the deei-eased histidine was accompanied 
T an increase in cysteine content. The stroma protein from the cardiac poly- 
•^Jlhemia erythrocytes contained more cj’steine hut less arginine and lysine than 
formal. 

If 35,000 is taken arhitrai’ily as the molecular weight of tlie stroma protein, 
then a deviation from the normal of 2.86 millimols of an amino acid per 100 Gm. 
"[protein represents a variation of 1 Gm. mol of that amino acid per 35,000 Gm. 
protein, and may be considered a significant difference. By this criterion only 
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No similarities -were evident between the stroma from the ei-ytlirocytes of 
beef emlnyos and polycytliemia in tlieir lipid anomalies. 

Significant, but dissimilar, differences were found in the ammo acid com- 
position of the erythrocyte stroma protein from polycythemia vera, cardiac poly- 
eylhemia, and embryonic beef preparations. 

The cardiac polycytliemia exhibited more marked and extensue chaii^-e.s in 
the mineral and lipid composition of the crylhrocytc as well as the lipid and 
amino acid make-up of the postbcmolytic residue. 

These data in polycythemia add further evidence to tliosc in the anemias 
that the stage of maturation of the erytlirocytc may be reflected closely in its 
lipid composition and that of llic poslhcinolytic residue. 
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THE CHEMISTRY OP INFECTIOUS DISEASES* 


I. POLAROGRAPHIC StUDY OP BlOOD SeRA IN EXPERIMENTAL PnEUMONU IK DoCS 


JI. L. Crossley, Ph.D., R. H. Iuenle, Ph.D., BruxNO Yassel, Ph.D., 
and G. L. Christopher, Ph.D., Stamford, ConxN. 


j^RDICKA leported that eapcinomatoiis seiTim gave a typical polarograpiiic 
eune, differing from that given by normal serum, bv which earlv cases oi 
malignant growth could be detected. Waldschmidt-LeitE,- in a .study of over 
eases, confirmed this observation. A cheek on the polarograpiiic findings 
y clinical methods revealed that less than 10 per cent of the polarograpiiic 
lagnoses were incorrect. Of these the wrong positive diagnoses were always 
of a deep-seated inflammatory nature, rvliich prompted us to investigate the 
influence of severe pneumococcal inflammations on the normal polarographie 
curve of serum. 


EXPERIMENTAL 


All dogs were infectedf hy the method of Terrell, Robertson, and Cog- 
gesiialP by the direct introduction of type I pneumococcus culture! into one 
lobe of the lung after the dog's body temperature had been lowered 3° to 4° P* 
by the^ subcutaneous injection into the groin of a saline solution of 6 mS- of 
morphine sulfate per kilogram of body weight. 

After infection periodic samples of 5 to S c.c. of blood from either the 
cephalic or the external jugular veins were taken evei'y three to four horn’s foi 
the first thirty hours after infection, later twice daily, and then once until the 
dog had recovered or died. The sera were obtained in the usual way from the 
clotted and centrifuged blood. 

Plenty of water was available to the animals at all times. A sufficient 
amount of our usual dog diet (hoi’se meat and Purina Dog Chow) was gi'®*' 
once a day. During the first and second days after infection the dogs often 
did not eat food. 


A Heyx'ovsky self-recording polarograph was used throughout this ' 
The buffer solution for the serum analyses was similar to the one rcconuneu c< 
by Bi’dicka.^ It was prepared as follows: 


Laboratories of the American O'anamicl Co., Stamford, Conn., 
the Calco Chemical Division. Bound Brook, N. J. 

Keceived for publication. Februarj- 13. 19«. . , „ .njerican 

/-■I,.,™ A rwort of this work was presentefi at the One Hundredth Jteetins o i 
Chemical Society at Detroit, Mich., September 9 to 13, 1940. ,, re- 

■ . ,tWe gratefully acknowledge the invaluable help and the unstinted cooperation^^ 

AY™ Harrj- Feinstone of this laboraton’. fonk over ihc 

acthep^ studying related phases of pneumococcal infection in Uogs, kintU. proSK-'- 

cultunng of the pneumococci and the actual infection of the dogs, and foHonen 
of the disease systematically with x-ray photographs. . , Chicago- 

tFurnished through the courtesy of Dr. O. H. Robertson, of the tJnfvcrsity 
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10 c.c. of a cobaltic lioxammino-chloride solution (0.2776 Gnu m 100 
c.c. HjO; decompo.‘«es within a few hours) 

5 c.c. 1 N ammonium chloride 
15 c.c. 1 N ammonium liydroxidc 
70 c.c. uater 

100 c.c. solution 

In the analyses of wliolc scrum, 0.45 c.c. of water was added to 0.3 c.c. of 
serum, and 0.1 c.c. of this diluted senim solution was electrolyzed in the pres^ 
ence of 10 c.c. of the colialt buffer. The current-voltage curves were recorded 
in all cases from -0.9 to -1.7 volts. The sensitivity of the instrument was set 
at y, 0 Q, .with an accumulator voltage of 4.0 volts. The dropping rate of the 
mercury electrode was 2.8 seconds per drop into the buffer solution at zero 
potential. 

A variation from this procedure, also recommended by Brdicka^ and re- 
ferred to in this paper as “peptone fraction,” consisted in the denaturation of 
0.4 c.c. of serum with 1 c.c. of 1 N potassium liydroxide for exactly forty-five 
minutes, then precipitation of the maeroprotoins with 1 c.c. of 20 per cent 
sulfosalicylic acid and filtration after ten minutes’ standing. Onc-half cubic 
centimeter of the filtrate was added to 5 c.c. of the cobalt buffer for electrolysis. 
The ciUTcnt-voltagc curves were recorded as described under whole serum, 
except that the sensitivity was set at ^^oo- 

The solid content of scrum was determined by drying exactly 1 c.c. of 
serum in a weighing flask to constant weight in a vacuum desiccator over phos- 
phorus pentoxidc at room temperature. 

table I 

Avep„\oe^ Maximum, and Minimu.m Values op the Difterences in PoLARooRAMiic Wave 
Heioiit Between -1.65 and -1.06 Volts op Five Dogs Infected 
With Type I Pneumococcus 
Differences between —1.65 and -1.06 volts in centimeters. 


DOG 

KO. 

NO. OF 

DETERMINATIONS 

1 NORMAL DOCS 

INFECTED DOGS 

AVERAGE 

MAXIMU.M 

MINI.MUM ! 

MINIJIUM 


10 

2.10 

2.28 

1,5)6 

1.89 


10 

? 1.3 

2.25) 

1.96 

2.86 


16 

1.05) 

2.44 

1.80 

1.68 

\ 1 

18 

2.15 

2..35 

1.07 

1.69 

^VIII 

3 

2.04 

2,14 

1.96 

1.68 


RESULTS AND DISCUSSION 

A polarograi)hic wave of the whole serum of T)og VI prior to infection is 
ffMrdod in Pig. 1, curve I, while Pig. 1, curve II, is the corresponding curve 
“the serum at the height of infection. It can he seen from the two figures that 
“e minimum at -1.65 volts in the case of the normal serum is higher in relation 
“ the flat part of the curve at -1.06 volts than tlie corresponding minimum of 
' "'feeted serum. AVc selected, as a base line, the value at -1.06 volts, even 
it is on a slope, since it represents the maximum of the current-voltage 
eive of tile col)alt-huffer solution in the absence of pi’oteins, and because it is 
''1’ c,isily reproducible for a given scrum. If this difference is plotted against 
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ISO zoo ZSO 

HOURS AFTER INFECTION 


nuu.^3 ^ ^ j pnetinioco"^'’' 

Fig. 2. — Polarographic wave height of whole clog sera after infection 

1 . in Fi”’. 2 foi' ^ ^ 

time, i.e., hours after infection, a curve such as shown j.” j, ^ sliai'P 
is obtained. During the fir.st thirty to fifty hours after in ee m ^ 
in the wave height occurred in all the five infected dogs s u^ ^^niform a”' 
to normal values is then very rapid. However, tlie „{ the norma 

loses much of its A'alue due to the fluctuations in the va'C n distances i' 
sera of the same dog, as shown in Table I, which summai 
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H 



'letween -1.65 volts and -1.05 volts of the five infected dogs at tlie 
of'lV* illnes.s, as well as the averages, maximum and minimum values 

1C couesponding normal blood samples. 

lioiibl 1 "'“'■e height, nevertheless, is real, reproducible, and un- 

Ij 1 ""j' lepresents some change in the serum witli infection. Probably it 
i„ decrease in proteic snlfliydiyl and disulfide groups, i.e., a decrease 

(and cysteine) in peptide linkage, for we confirmed Brdicka’s ohserva- 
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tion'* that proteins with little or no cystine sulfur (protamine and gelatin) 
as well as free cystine and cysteine, give no tjiiieal protein double ivave in 
the trivalent cobalt buffer, while glutathione produces slight, and cystine-iicli 
proteins a pronounced, double wave. The addition of free cystine either to 
serum or to crystalline serum albumin, buffered with trivalent cobalt, also 
does not increase the wave height from that given by the same amount of 
serum or albumin wdthout the cystine. 


While the polarograms of whole sera decrease in wave height with infection, 
probably indicating concentration clianges, the current-voltage curves of the 
peptone fraction not only increase in ivave height, hut also undergo a pro- 
nounced alteration in the slope of tlie curves. This is clearly demonstrated in 
Fig. 3, curves I and II, which represent enlarged reproductions of the polaro- 
grams of normal and infected peptone fractions, I’espeetivel.v, of blood sera 
of Dog VI. It should 1)6 observed that the most pronounced changes in 
appearance of the curves occur at -1.65 volts. With an increase in infection 
the pronounced minimum of the double wave of normal serum gradiiali) 
flattens out until, during severe infections, the curve at -1.40 volts becomes 
almost a straight line .sloping upivard. As the infection recedes, the height of 
the wave decreases until, upon complete recovery, the typical curve of a iioinm 
serum is obtained. If the difference in the peptone ivave height between -h o 
volts and -1.18 volts is plotted against time after infection, a curve such as 
.shown in Fig. 4, curve I (Dog VI), is obtained. The reason for choosing 
volts as a base line, even thougli it falls on a .slope, is that the value is constan 
in all normal dogs and changes very little during tlie entire period of infectioi^ 
The peptone-fraction graphs of seven infected dogs shoiv the 
tendency as the one represented in Fig. 4, curve I, for Dog 
dift’erenees being that the absolute values of the peaks in the waie 
well as the exact time after infection at which the pealis oceui, laij 
dog. After recovery from the illness all seven dog curves 
normal values, which lie between 0.S5 and 1.25 cm. wave heig) * 
(1.65-1.18 volts), while the peaks reached by the seven infectec 
with the respective times aftei- infection at wliich they occurre J 
thesis), are: 2.61 cm. (144 hours), 2.20 cm. (127 hours), 2.14 cm. ( 

2.13 cm. (93 hours), 2.11 cm. (144 hours), 2.00 cm. (46 hours), an 
(102 hours). The greatly increased ivavc height of af!W' 

mentioned animal is very interesting, since the dog died duimg le 
this particular blood sample bad been taken. Profound a fern ™ 
serum of this dog must have occurred, and speculations as ]gj,pgi-aph, 

betiveen the changes in the sei’um, which ax’e measurable ij 
and to the cause of death, are veiy attractive and 'worthi o a coi 
of this problem. 

change can 
for 

of 


Tlie observed decrease in the galvanometer deflection 

cent of the normal value, tins 


content of the .serunh 


is studied amounts to 10 to 15 per 
undoubtedly be attributed to changes in the solid 
a dilution of the serum of from 8 to 13 per cent is foun » 
of the dogs studied. At least part of this decrease m so 


the ca.se 
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attributed to nitrogenous constituents, for the total nitrogen values drop from 
1,000-1,100 rag. per cent to 800-950 mg. per cent. 

The nitrogen values of the peptone fraction, on the other hand, increase 
during infection by about 100 per cent and parallel closely, in time and per- 
centage, the changes in the polarographic wave height. This can be seen in 
Fig. 4, curves I and II, -wlicrc for better comparison the polarographic peptone 
wave height, as ■well as the milligrams of peptone nitrogen of Dog VI, are 
plotted against time after infection. Cuiwe III in Fig. 4 represents degrees of 
fever during the infection. It is felt that while the nitrogen values agree 
fairlj* well ■with the eliangcs in polarographic wave liciglit, the same corollary 
with fever does not hold nearly so well. At least fever is not the direct cause 
of the observed polarograiihic ehangc.s, since the oaset. rise, and fall in the 
fever curv’es of all seven dogs occur nnieli sooner and move rapidly than the 
polarographic changes. 

SUMMARY 


Polarographic studies of normal and of typo I pneumococcus-infected dog 
sera are presented. 

The ■wave height of the euri-ent-voltagc curves of wliole sera decrease 
during infection and return to normal with recovery. It is felt that these 
changes may be associated with corresponding sliifts in the protoic-cystine 
content of the sera. 

The polarograms of the peptone fraction of dog sera, i.e., that fraction 
ivhich, after alkali denaturation, is not precipitated by sulfosalicylic acid, 
increase in wave height as well as change their slinpe during infection. 
Recover}' is associated with a return to normal values. With the increase in 
wave lieight during illne.ss, a corresponding increase in nitrogen values occurs, 
labile the fever curves do not directly parallel the polarographic changes. 


greatly InUebted to Mr. O. E. Sundbere:. of the Calco Chemical Di\lslon of the 
Cyanamicl Co,, for Ills coopeiatlon In determining all the serum nitiogen values 
eported In this paper by the mlcio-KJeldahl method. 
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STUDIES IN DYSTROPHIA MYOTONICA*' 


VI. Results of Glucose Tolerance Tests 


jMarion Reinhardt Rymer, Ph.D., and Abe Ravin, M.P. 
Denver, Colo. 


T he hypothesis has been advanced that the mnseular changes in dyslropliia 
myotonica are of endocrine origin; certainly many of the later symptoms 
of the disease suggest endocrine dysfunction. Defects of carbohydrate metab- 
olism® and storage®'^® have also been suggested as the cause of the weakness and 
atrophy of the muscles. A study of the glucose tolerance in these patients 
might furnish some information about the state of the endocrine sjstem and 
carbohy^drate metabolism; differences in capillary and venous blood glucose 
during glucose tolerance tests might give some clue to the utilization of ghicose 
by the tissues; a variation in response to different doses of glucose might cis 
close borderline pathologic change. Accordingly, oliservations weie ® 
both capillary and venous blood following tlie ingestion by each patient o " 
different doses of glucose. 

Previous reports on the subject of fasting blood sugars and sugai 
tests in the muscular dystrophies and other severe muscular disordeis are n 
and often conflicting. In cases with dystroplm myoionica- Schian'e am 
repoi'ted no glycosuria following 150 Gm. of glucose (1 
a normal fasting glycemia and no gl.ycosuria folloAving 200 bin. o 
case); Keschner and Finesilver,® a prolonged hypergly’cemia ° ° 

fast (1 case); d’Antona,'* a fasting hypoglycemia (2 cases); ^ f „}j,(>osc 

glycemia (1 case); a normal, a low prolonged, and a high 
tolerance test (1 case each); Alorgulis and Spencer,-' consistent 
curves with glycosuria in some instances. In cases of vinscu cn 
Janney, Goodheart, and Isaacson® found a lasting (y-pe); 

McCrudden and Sargent," fasting hypoglycemia (3 cases, prOoi 
Hughes and Shrivastava,® hypergly'cemia following 50 Gm. 0 ® jiyiier- 

Erb’s type); Braestrup,'' normal fasting glucose (3 cases) , j Gm. 

gljmemia and normal capillary-venous blood sugar diffeiences 0 
of glucose per kilogram body Aveight (2 cases); normal jlcCrud^'^'' 

lary-venous differences (1 ease). In cases with ?)i!/«sfhcnin (li(< aiid 

and Sargent" reported a slight fasting hypoglycemia (2 cases , ^ pj.Q]Q„gc(l 

.DA'ked® a normal tolerance test following 50 Gm. of g ucose 

and Biochemistry. University of ColorRcIo 


‘From tlie Departments of Medicine 
Medicine and Hospitals, Denver. jl,- 

■Received for publication, May 6. 19-iO. i,as not al'Vay*! 

tin earlv, and even in more recent >-eports dystroplua m> given by ^avr ['•'j 

tinguiibed from other muscular <^lysWoPl>}e--5- of their pat ent n |^,(,dly im 

dystrophia myotonica rather tlian myotonia coneemta. 
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hyperglycemia following 100 Gm. (3 cases); Adams, Power, and Boothby,"' 
normal glyeomia (5 cases). In one ease with iirorjnssive muscular atrophy 
Braestrup” found no capillary-venous differences during the glucose tolerance 
(est. 

METHOD 


The 7 patients used in tliis study Imve been described in a previous article 
of this series.'^ The controls, in tlic same age groups as those with dystrophia 
myotonica, were 5 clinic patients and one of us (11. K ), carefully examined 
and found normal. None of the pci’sons used in these studies was undergoing 
any kind of treatment at tlie time of the test or for a week ])rcviously. 

The exi)criments were performed in the morning on persons who had re- 
ceived no food sinec the preceding evening. Blood was withdrawn from the 
brachial vein through a small needle into a syringe and immediately transferred 
from the tip of the syringe to two Folin’^ blood pipettes calibrated “to contain'’; 
the blood was discharged into two tubes of acid cadmium solution, and in the pi- 
pettes were thoroughly rinsed b.v drawing the solution up into them several times. 
Duplicate samples were then taken from a finger fip*^ directly into two Folin 
blood pipettes and discharged into the acid cadmium solution. An average of 
3.4 minutes (range tw*o to seven minutes) elapsed between the completion of 
the venous sampling and the completion of the capillary sampling. After a 
sample of urine had been collected, the patient received the measured amount of 
glucose dissolved in 250 e.o. of water flavored with lemon juice. Blood and 
urine samples were again taken at one-half, one, two, and tlirec liours after 
*be ingestion of glucose. All paticnt.s spent the time during tlie test in reading, 
resting, and walking about the halls. Tlie test was performed twice within 
tjvo weeks on each person, once with 50 (iin. of glucose and once witli 100 Gm , 
bough not necessarily in this order. Blood sugar values were determined by 

1 e Miller and Van Slykc^® method. All solutions were repeatedly recheeked 

standardized as required; all vohimelric apparatus wa.s carefully eali- 
r*itcci at the beginning of the work. Duplicate analyses were performed in 

2 the experiments and gave an average difference of 2.6 mg. per cent, with 
^ ranwe of 0 to 9 mg. per cent. 


RESULTS 

Ju all eases the fasting level of tlic blood was normal and no differences 
e\ident between the controls and the patients in this respect. No gly- 
in any of the tests. To conserve space, the individual data 
botl 1 wliich gave normal glucose tolerance curves in all respects at 

glneosc, have merely been summarized in Talde I. Since the 
^ugar is greater in the capillary blood than in tlie venous blood, 
^ 0 OGiance curves, one for the venous and one for the capillary blood, were 
test, but the interpretation of the results of these tests is 


SO Gvk of Glucose . — The results for patients with 50 Gm. of 
ure very similar to those for the controls. The fasting values rise sharply 

demonstrated that in studies on blood glucose, cutaneous blood could be sub- 
r pure arterial blood. 
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Table I 

Glucose Toleeance Tests on Patients With Dystrophia Myotonipa 


CASE 


SEX 


AGE 


PASTING 1 

1 30 

1 00 ! 



CAP. 

VEN. 1 

CAP. 

VEN. 1 

1 CAP. 1 

VEN. 

CAP. 

1 VEN. 

CAP. 

VEX. 

T9.2* 

76.5 

112.1 

99.8 

■KMli 

113.8 

134.3 

113.3 

109.5 

99.S 

S1.1 

se. 2 \ 

115.2 

110.0 

133.8 

114.5 

118.3 

1 97.7 

1 


6LS 


96.5 


123.3 

126.6 

94.8 


! 92.8 


73.0 

SD.5 

S3.5 

164.6 

110.5 

159.2 

1S0.6 

161.9 

1 W.5 

105.S 

S55 

92.5 

81.6 


108.0 

100.5 

72.5 

94,5 

81,5 

71.1 

72.0 

SS.5 

84.1 

143.2 

127.6 1 

j 

107.8 1 

1 

09.6 

102.1 

94.5 

m.s 


87.2 I 

S0.9 

1.32.7 

116.5 ‘ 

1 

156.3 1 

138.3 

114.3 

105.3 

16.(t 

74.3 

S5.7 1 

84.3 

150.4 

134.0 

148.3 \ 

135.3 

1SS.6 

1S4.5 

124.1 \ 

12S.S 

77.4 1 

81.2 

129.7 

111.0 

101.4 


88.5 i 

82.1 

67.3 J 

6G.1 

77.4 

77.0 

130.6 

35.7 

103.1 

76.9 1 

1 

95.7 

60.6 \ 

S7.S 

63.5 

82.9 

83.1 

1 

124.8 ; 

112.0 

80.4 

52.5 

86.3 

73.1 


CS.G 

SS.3 

85.1 1 

120.3 

106.6 

78.7 

5S.0 

91.6 

67.1 


6S.!) 

88.0 

84.7 1 


115.2 

123.8 

95.8 

108.7 

103.8 

78.8 

77.3 

06.£ 

j 

03.8 


102.5 

1 

142.0 

91.0 

138.0 

108.5 



85.2 

84.4 

133.7 

112.3 

117.9 

92.6 


93.1 

79.2 

75.S 

soy 

S5.4 \ 

84.0 

138.3 

11S.7 

124.7 

101.4 

120.2 

98.6 

lOS.7 

Od*< 

87.1 ! 

87.3 

148.6 

1 

120.4 

140.4 ! 

115.9 

91.7 

82.7 

77.0 

7G.0 

75.5 

S6.0 1 

85.5 

148.1 

122.7 

110.7 \ 

95.5 

113.1 

94.0 

♦ 

fo*f 

hnso in 

Ualios 


J.B. 


N. P. 


J. M. 


P. B. 


K. B. 


O.M. 


N. M. 


60 


54 


46 


44 


2S 


43 


58 


Patients, 50 Gm. avg. 
Patients, 100 Gni. avg. 

Controls, 50 Gm. avg. 
Controls, 100 Gm. avg. 


,,, ‘Figures in roman type represent values obtained with 50 Gm- of glucose, 
with 100 Gtn. of glucose. Blood values as milligrams per cent at minutes notea. 

from normal to a peak, wliieli is usually reached at thirty minutes 
delayed until sixty minutes; the values then decline at the end of ^ 
hour to below the fasting level, with one exception (J. B.). Tke peahs a 
curves in both venous and capillary blood average about 15 mg. pei 
than the corresponding controls, but the variations from individual to m 
in both patients and controls are so great tliat these differences scaice}^^^ 
considered significant. The peaks for the venous curves appear 
with a range of 108.0 to 138.3 and an average of 117.4 mg. per 
since this represents an average increase of approximately ^tiicsc curves 

fasting level, and since the smallest percentage increase is 26. i, 
can he considered normal. 

n f r'TllCOSC ” * ' 

Com'parison of the Bcsults Obtained Follounn<j 100 Gm. -Willianis 

abo«t 

pal 


Those Obtained Follonring 50 Gm. — ^SlacLeaii and do Wesselou, 
and Dyke,^“ found that in normal persons increasing the dose of sUniu 


25 to 50 Gm. gave no increase in the peak of the resulting • 


cciuiu 


tended to prolong the period during which the blood sugai uas jndivid 


Gray' 


eat from 


noted that the variations in glucose tolerance curves were^as ^ 
ual to individual as from different sized doses. Strouse glucose 

sugar values obtained in normal pei-sons by giving 100 oi 
could be considerably increased in the same individuals by 
and Williams and Dyke^" found a difference in the glucose grad-’- 

obtained witli 50 and 100 Gm. of glucose in 3 patients u d i my < • 


Gm. of 

iirvcs 
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150,0 



Chart 2. — Glucose tolerotice curves on venous blood. 
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Although the individual curves of the controls receiving 100 Gm. of glucose 
show variations, * the composite cui'ves are similar to those prodiieecl bv 50 6m. 
and give little evidence of a mox-e prolonged hyperglycemia with 100 tlian svitli 
50 6m. of glucose. 

The composite curves following 100 6m. of glucose in patients tend to 
remain somewhat elevated during the second and third hours as compared 
with 50 Gm. (Table I and Charts 1 and 2). Thus, in the eapillaiy bloods 
the final values with 100 Gm. average about 25 mg. per cent above the corre- 
sponding' values with 50 Gm.; in tlie venous bloods, they average about 11 
mg. per cent higher. This slight prolongation of the hyperglycemia with M 
Gm. is also evident when the final blood glucose values are compared with the 
initial values : at the 50 Gm. level only one patient had a higher final tlm 
fasting blood sugar (J. B. on venous and capillary blood); at the 100 Gm. 
level, 6 patients had higher final than fasting values (N. P., J. M., F. B., and 
X. M. on venous and capillary blood; J. B. and K. B. on capillary blood onl})- 
While the two levels of glucose gave somewhat different results iii the patients 
than irr the controls, the nvrmber of cases is so small and the variations hom 
individual to individual are so marked that one cannot say whether these differ- 
ent results are merely chance or are indicative of a somervhat prolonged h>per 
glycemia at the higher glucose level. 

Zigzag curves, usually less marked than those described by Morgnlis aa 
Spencer^ in patients with dystrophia myotonica, occurred among boti 
and patients. Although somewhat more numerous in the patients t lan 
controls, their rather frequent occirrrence in routine glucose /I* * 

dieates that these curves are of no special significance in dystrophia mjoo 


Table II 

Average Capillary-Vekocs Blood Glucose Differen'ces 


SUBJECTS, DOSE 

FASTIXG 

30 

60 

Controls, 50 Gm. 



24.5 

Controls, 100 Gm. 



24.4 

Patients, 50 Gm. 




Patients, 100 Gm. 

-0.5 


23.3 


*Biood values as milligrams per cent at minutes noted. 


blood 


Capniary-Vcnons Differences . — Our data for the con- 

sugar differences show practically identical results l^^th eases tbc 

eragc 


trols after the ingestion of 50 Gm. of glucose (Table II)- I” ' 


jx. uKj V — ‘to till 

differences are zero or very small at the fasting level; they 


sou, noseuDaum, rnarneimeiv ana reters;-- a»u 1 ]evel sonicw'w' 

100 Gm. the eapillary-venons differences decline to their orrgma ^ 
more slowly, especially in the case of the patients (see Char .s 

•In considerinjr our data on the two levels of tl'® 

venous values with the corresponding- venous than the for 

obviouslv the latter -will be much higher throughout the hypeis J 
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ever, no statistienlly significant difference is evident between the controls and 
the patients receiving 100 Gm. of glucose. One control showed the maximum 
difference at the end of the second hour in both tests; one y)aticnt (J. B. at 
100 Gm.), the most severely affected clinically, showed a progressively inereas- 
infi difference through the third hour— a result of special interest, since no 
capillary-venous difference might Iiavc been expected if severe muscular atrophy 
were a factor in limiting this difference. 


SUMMARY 


Ghioose tolerance tests were performed on 7 patients with dystrophia 
myotonica and on 6 controls. In each patient the test was performed once 
with 50 Gm. of glucose and once with 100 Gm., and in each test both capillary 
and venou.s blood were examined. 


The fasting blood sugars and the glucose tolerance curves were normal in 
all patients; no glycosuria was evident. Oomposite glucose tolerance curves 
showed slight differences between patients and controls; (1) The glucose tol- 
erance cun'cs were slightly flatter in the patients than in the controls (2) 
The composite curves for 100 Gm. tended to romnin elevated in the patients 
at the second and third hours, especially in the capillary blood. (3) The capil- 
lary-venous differences remained slightly Iiigher in patients than in controls 
receiving 100 Gm. of glucose. None of tlicsc differences was great enough to 
iie statistically significant, and no coiTclatiou was found between variations in 
respon.so to the tests and the severity of the disease. 

Since marked dysfunction of the islands of Langcrlmns, the anterior pitui- 
tary gland, or the adrenal cortex is nsually reflected in the fasting blood sugar 
and in the sugar tolerance curve, the results obtained furnish some evidence 
against a marked involvement of these endocrine gland.s The removal of glu- 
*'ose from the capillary blood by the tissues, as indicated by the capillary-venous 
differences, also appear.s normal. It may be concluded tliat the mechanisms 
controlling the disposal of ingested glucose in dystrophia myotonica arc normal. 


ihp v,lsh to express our appreciation to Dr. James J- Waiing for pointing out tlie value of 
tolerance test in dystrophia myotonica and to him and Dr- Robert C Lewies for 
minuierf*'.' I'^lpful suggestions during the progress of this work and tlie preparation of this 
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LABORATORY METHODS 


QENERAL 


A VESSEL FOR THE JIEASUREJIENT OF i-H AND OXIDATION- 
REDUCTION POTENTIAL OP BACTERIAL CULTURES'- 


P. Lyle "Wynd, Pii.D., Ubbana, III., and 
Philip L. Varney, Ph.D., St. Lons, llo. 


THE deteminfUion of the changes of the pH and tlic oxidation-reduction 
potential Avhich a culture of bacteria undergoes during the course of its 
metabolism is of considerable interest to workers concerned with the problem of 
the physiology of bacteria. The difficulty of following these changes over 
more or less lengthy periods of time without the danger of contamination has 
interested us in designing the culture vessel described below. 

The details of construction arc evident in Fig- 1, and consist essentially of 
three electrodes, calomel, glass, and platinum, sealed in a No. 40 standard taper, 
PJTe.\ inside joint by means of red scaling wax. These electrodes dip into 
the bacterial culture contained in the vessel constructed from tlie outside mem- 
ber of a No. 40 standard taper ground joint. By appropriate means the pH 
may be obtained from the voltage difference between tlie glass and calomel 
electrodes. The oxidation-reduction potential may be measured by using the 
calomel and platinum electrodes; or under special conditions, by the glass and 
platinum electrodes described by Wynd.^ 

Electrode I is a saturated potassium chloride: calomel half cell. The side 
arm G passes through the ba.se of the standard joint, as indicated, and dip.s 
mto the culture. The contact // is made througli a small piece of porcelain 
bactcriologic filter candle scaled into the end of the tube G. 

Electrode 2 h a doulilc shank glass electrode constructed as described by 
^amey.= The bulb is filled with 0.1 N hydrochloric acid and contains a silver: 

chloride electrode whose external contact is indicated by tlic numeral 2 
m the figure. The silver wire passes through a small glass tube of about 3 mm. 
milsidc diameter, wliich is scaled into Hie inner tube B of the glass electrode 
V rod scaling wax. C is the outer shank of the glass electrode unit by means 
®f'\hieh a very high degree of electrical insulation is obtained. 

Edoctrode 3 furnishes the platinum surface D, whoso simple construction 

I'cquircs no comment. 

The culture vessel itself contains about 50 c.e. of bacterial suspemsion. 
side arm 0 may he closed with a cotton plug, or a steel ball bearing may 
to permit anaerobic conditions and allow for tlie c.scape of carbon 
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dioxide. It is necessary first to clear the culture vessel of oxygen hy pas-sins 
nitrogen through the apparatus by means of the opening in the plug of stop- 
cock -Y. The degree of anaerobiosis obtained is sufficient for many types of 
bacteria. Side arm P and stopcock N, are so constructed as to permit the removal 
of uncontaniinated drops of the culture at intervals 1101110111 disturhing the 
electrode arrangement. Various types of side arms may he constructed for tlie 
practical manipulation of various types of experiments. 
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The series oi* culture vessels is then coiineelcd to the proper contacts by 
hooking the wires 1 , 2 , 3 , shown in Fig. 1 over the spring brass wires shown 
in Fig. 2. This device is constructed on a bakelitc l)aso and the electrical con- 
tacts arc screwed to the upper ends of six inch polystyrene iiLsulators. (The 
wiring is arranged as shown in Fig. 3.) The calomel contact 1 . in Fig. 1, hooks 
over the .spring wire tlie gla.ss electrode contact 2 , in Fig. 1, hooks o\’er wire G, 
and the platinum electrode contact 5, in Fig. 1, connects to tlio spring wire C. 




Fiff. 2. ^^Vlnng iliaBr.'im of the electrode platform shown m Fi?. 2 

ch.-inther, sliowing- the arrnnffeinent of the control .switcljes and the leads 


I 


complete electrode platform rests on ])orcclain insulators inside the incubator 
in Fi(r_ 4 ,^ This incubator chamber is constructed of sheet iron or 
^'’'•iliimin. The Federal Switches shoA\'n in Fig. 4 arc those indicated as 1 , 2 , 
^'l*iii hio, 3 common lead from tlic four calomel electrodes is attached 

° the control grid of a vacuum tnbe amplifier by ])assing throiigli a pyrex 
on the end of tlie incubator. The common lead from the central 
of the four Federal Switches, as shown in Fig. 3, is lirouglit to the jiroper 
of the amplifier by means of the porcelain insulator shown on the end 

incubator. 
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The current from the various pairs of electrodes is amplified by the usual 
vacuum tube apparatus, and the voltage is read from a potentiometer. The 
type of amplifier described by Show and Wynd,' and by Wynd and YarnejV 
functions very satisfactorily when used in this manner. 

Examination of Figs. 3 and 4 shows that the pH, or the oxidation- 
reduction potential of any of the four cultures may he obtained conveniently 
by the proper manipulation of the Federal Switches and by the observation 
of the corresponding voltage. By means of this apparatus we have suece.ss- 
fully followed the changes in pH and the oxidation-reduction potential of 
bacterial cultures over periods as long as six days. 


SUMMARY 

1. The pH and the oxidation-reduction potential of a series of bacterial 
cultures may be observed over comparatively long periods, without disturbing 
the cultures, by means of a series of vessels within a metal incubator, each con- 
taining a glass, platinum, and calomel electrode, properly connected to a 
vacuum tube amplifier through the wall of the incubator. 

2. Observations have been obtained successfully over periods as long a.s 
six days without removing the cultures fi’om the incubator. 
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A SIMPLIFIED WBSTERGREN SEDIMENTATION RATE TECHNIQUE 


Alfred M. Glazek, Cincinnati, Ohio 


T he Westergren sedimentation tube has been modified by various 
facilitate the technique of the test. All of the modifications, 
extra apparatus, such as stopcocks, racks, or special pipettes. Y 
using a technique that in our opinion is simpler, requires no ad i i 
except a rubber diaphragm, and is accurate. 

technique 

The diaphragm used is simply the rubber bulb of a small off 

the one supplied with sample nose drops. The end of the ruhbei « ^ 
and the base is placed over the bottom of the Westergren tu -,„ti- 

drawn from the vein in the usual manner, and the proper air, 

coagulant is then drawn into the same syringe. Then after inti o rp],g 

the blood and anticoagulant are mixed by gentle agitation o t le sy 
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mkture is then introduced into tlie Westergren tube by inserting the needle 
through tlie rubber diapliragm. By using this tecliniQue tlie level of the blood 
in tlic tube can be carefully regulated. On withdrawal of the needle the rubber 
diaphragm seals itself off. With this procedure the intermediate steps between 
B 0 



ric. 1— X, Sample Cropper showing line of cut. B, Tube belli on w.all uith staples. C, TechnI- 
Que of Injecting blood Into tube 

taking the blood and its introduction into the tube are .simplified. The tube is 
tiiM held on the wall by two staples. The tube rests on the lower staple while 
•ke upper one assures the exact vertical position of the tube. The advantage of 
auging the tube on the wall in this manner is its simplicity and its safety from 
agitation which would invalidate the te.st. This teehniqne is simple in 
Pweedure, costs nothing, and i.s accurate. 

Wr DorTOR.s’ nuimixa 



A MODIFICATION OF THE GRAM STAIN* 


Emu, Weiss, M.D., Ph.D., Chicago, III. 


N umerous modifications of the Gram stain liave been recommended since 
tlie publication of the original method,^ These attempts can be appreciated 
for the following reasons : ( 1 ) The Gram stain is an important and frequently 
used procedure; (2) the results vary when the same method but different in- 
gredients are used; (3) the outcome depends to some extent upon the skill and 
experience of the workers. Some of the more recently used modifications’ 
proposed a far more complicated technique in an effort to overcome some predons 
complaints and handicaps. However, they still retained a few of the pre\ious 
disadvantages, especially the instability of the ingredients. 

I thought it worth while to utilize my experiences with the Gram stain 
and to devise a procedure which would be more accessible to the average a ora 
torj’’ worker for the daily routine. 

Generally one of the most frequently observed difficulties for the or mar) 
worker represents the time factor of decolorization. Ninety-five per cent a co^^^ 
decolorizes too slowly, and acetone decolorizes too rapidly. Proba^ y 
complication in importance for the less experienced worker consists o o\ 
staining with the counterstain. This difficulty can be more easily 
using weaker staining solutions for a shorter period of time. The nex 
obstacle consists of the staining of smears which are not unifonn y an 
too thicldy spread. In order to decolorize the thicker portions su cmn . ^ 
thinner parts are too extensively decolorized, thus sometimes confusing a ^ 
interpretation of the findings. A too concentrated solution of gen 
may not keep and might form a sediment; a too weak solution niay 
the desired results. The same observation applies to similar ps ^ 
occasionally used instead of gentian violet. The ordinary Gram s lo^ 
quite different results, depending upon whether the gentian vio et^. 


(1) was just 

- - J-* 


quite aiirerent results, aepenaing upon wnetner me Gram s 

poured off, (2) was washed off wiGi water, (3) was washe o w 
iodine, or (4) was washed off and dried preceding iodine 

iodine. Apparently a prolonged application of gentian violet an 
in excess of three minutes has very little additional effect on t e le 

Our own experimental work considered the following factois. ggp,tjon.'; 
tration and stability of the used ingredients; (2) temperatme o tlie 

at the time of application; (3) application of additional jjactei'iu; 

use of Gram’s iodine in order to intensify' the staining of 
(4) selection of a satisfactory' decolorizant; (5) most effective co j. gent 

It was found that a 3 per cent solution of gentian violet 
alcoholic solution (gentian violet 3 Gm., 95 per cent alcoio 
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water 80 c.c.) keeps well. Similarly, a twenty times increased concentration of 
Gram’s iodine (20 Gm. of iodine, 40 Gm. of potassium iodine, and 300 c.c. of 
distilled water) also keeps well and lias an increased effect over the ordinary 
Gram’s iodine. Fuchsin was preferred to safranine on account of its bright 
color. A 2 per cent solution of basic fuchsin in 95 per cent alcohol was found sat- 
isfactory, stable, and preferable to otlier dyes. This stain should be diluted 1 :4 
with distilled water previous to its use. After considerable experimentation ace- 
tone was found to be the most effective decolorizant. Steaming wnth gentian violet 
for one minute and subsequent steaming with concentrated Gram ’s iodine for the 
same length of time was found slightly preferable to the same procedure without 
steaming. A series of 10 per cent salt solutions were tried on the smears fol- 
lowing the washing off of the gentian violet. A freshly prepared 10 per cent 
solution of sodium carbonate was found to be ver>' satisfactory; however, the 
advantage was not sufficiently great to include this step in the proposed pro- 
cedure. 

Consequently the following modification of the Gram stain has been devised: 
(1) Prepare smears as thinly and uniformly as possible and fix them over the 
flame. (2) Cover the slide with 3 per cent gentian violet for three to five 
minutes. (3) "Wash with warm water. (4) Cover with twenty times concen- 
trated Gram’s iodine for three to five minutes. (5) "Wash with warm water. 
(6) Cover (decolorize) the slide with acetone and wash off immediately with 
water. (7) Counterstain briefly (on and off) with above dilution of fuclisin. 
(8) "Wash with water, allow to dry, and examine under oil immersion. 


DISCUSSION 

The proposed modification compares favorably witli a number of recently 
recommended procedures. All the reagents arc easily prepared, keep for an 
indefinite period, and are applied without difficulty Repeated filtrations and 
waste of the deteriorated reagents are avoided. Jlixing of reagents or other 
technical steps preceding each individual staining are not required in this tech- 
mqiie. The technique of preparing or applying the reagents does not require 
any particular skill. The differentiation between gram-positive and gram-nega- 
tive bacteria is very marked. Smears from tissue discharges and those from cul- 
bires give equally good results. No sediment is found in the stained preparations, 
nis procedure has been tried out with satisfactory results on a large number 
n bacteria. The tested bacteria included, among others, various pathogenic 
nonpathogenic cocci, intestinal bacteria, diphtheria bacilli, and several 
anaerobes. 

SUMMARY 

The proposed modification of the Gram stain offers a number of definite 
outages; ( 1 ) All reagents keep well. (2) The technique is simple and is 
carried out. (3) The distinction between gram-positive and gram- 
’'^aative bacteria is very distinct. 
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A GLASS-CAPSULE MANOMETER FOR RECORDING THE 
BLOOD PRESSURE* 

Frederick F. Anderson, New Brunswick, N. J. 


V ARIOUS methods of recording the blood pressure continuously in acute 
experiments in mammals have included the use of glass membranes as in the 
apparatus of Broemserd The apparatus to be described here has certain ad- 
vantages, among the more important of which are its sturdiness and sensitivity 
without the objectionable inertia of the mercury manometer. . 



description of apparatus ^ 

Except for the writing lever and its supports {I, J, and K, heavy-' 

and the springs, L, the apparatus is made entirely of pyrex g ass. 
walled chamber A is attached to side limbs B, so that bubb es tj ,.(.11. 

removed. It has been our practice to connect one limb of B to a to 

delenbnrg- mercury-sodium carbonate pressure system and t le 0^ 
the arterial cannula. The whole system, including cliambei , 
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0.1 II sodium carbonate. Capsule C, enclosed in chamber A, oijons into the 
ground Joint D and is supported by the U-sbaped rod E. The glass of the 
capsule is 0.5 to 0.75 mm. thick. The recording device consists of cylinder F, 
fitting into the ground Joint D, the attached stopcock G, piston II, lover I, sup- 
port J, and lever stop K. Slirings L firmly hold the recording device in place. 

Capsule C, the eapacity of which is about 7 c.c., is filled with distilled water. 
There must be no bubbles of air cither in capsule C or in chamber A. If the 
apparatus is used under conditions causing rapid evaporation of water, a few 
drops of watchmaker’s oil may be placed on top of the piston. Chamber A is 
filled with 0.1 Jl sodium carbonate (or other anticoagulant) and connected with 
the arterial cannula and the Trendelenburg apparatus. Stopcock G is opened 
and the writing lever is pressed down to lever stop K. This is the base line. The 
stopcock is now closed, the stopper is placed in tlie arterial cannula, and the 
artery clamp is removed. Ordinarily we have adjusted the apparatus so that 
a movement of 5 mm. corresponds to a pressure change of appimimately 10 mm. 
of mercury. E.vact calibration is, of course, done and accuratel.v reproducible. 

The error caused by changes in temperature is small; at apiiro.vimatcl.v room 
temperature, each change of 1° C. is followed by a pressure change correspond- 
ing to 0,8 mm. of mercur.v. 
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A CLOSED-CIRCUIT SIETABOUSM APPARATUS FOR STUDYING 
OXYGEN CONSUMPTION OP CONTROL ANU THYRROACTIVATOn^ 
TREATED GUINEA PIGS*^ 


Harry A. TEiTKLnAUJi and 0. G. Hakne, Baltimore, Md. 


A HETHOD that is botli simple and rapid was devised to study oxygen con- 
sumption in small laboratory animals. The entire outfit can be assembled 
apparatus available in most laboratories, thus making it easy to acquire 
maintain as many sets as required. 

A description of the a])paratus and rcj)orts of oxygen consumption in con- 
ifol and treated guinea pigs follows: 

The metabolism unit, as illustrated in Fig. 1, consists of four fundamental 
I’arts: a JIariottc or aspirator flask a, a graduated cylinder e, an animal 
‘'fiambcr i, and a weighted stand I. AVith the animal resting in the liermetically 
sealed chamber on the wire mesh platform j, and with appropriate measures 
*''‘cn for t}[Q al)sorption of carbon dioxide by the soda lime the entire unit is 
siijrncrpod in a constant temperature water Ijath to the level of the neck of the 
flask. At this time the elamp c is closed. In order to allow the ai>- 
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paratiis to come to the temperature of the bath, an hour is alloivcd to elapse 
before readings are started. During this interval a constant current of air is 
passed through the system by connecting outlet li to a suction pump, ivitli 
clamp f open. The opening of the side arm of the graduated cylinder to ivliicli 
clamp f is attached must be extended above the surface of the water by means 
of tubing. It was found advantageous to bubble the air through some water 
in cylinder e, so that the rate of flow could be estimated. The animals were 
found to rest very quietly throughout this preliminary period using this method. 



Fig. 1. — Showing the closed-circuit oxygen consumption app dfetween 

glass tube ; c, l ubber connection between flask and cylinder , Oj {,j,er connection o 
graduated cylinder, 200 to 250 c.c. ; f, side arm on ^linder, p, j chamber: 
cylinder and animal chamber; h, outlet oJ animai chamb^ , b l,„,ergecl. 

platform for animal ; 7c, soda line ; I, weighted stand to keep apparatus 

Before describing the procedure employed in taldng a at a 

tion of the Mariotte flask a deserves comment. This flask mus 
height that permits the water in the flask to rise in tube 1) a ° the 

water will not flotv from the Mariotte flask into the gra ua e c system 

pressure in the cylinder is decreased by the removal of gen ^ 

by the animal mthin the chamber. With the submerge water ia 

at a constant level, the pressure exerted by the receding long as the 

the Mariotte flask as it floivs into the cylinder is kept jpariotte 

water level in the Mariotte flask is above the opening o ^ i ^ ^ pJ tlic 

principle functions in such a manner that all the water a jicight of 

submerged opening of tube Zi serves merely as a resell on, 
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the colnmn of water that exerts pressure in ttie flowing system is determined 
by the level at which the atmosphere comes into contact with the water i.e. at 
the level of the submerged opening of tube b. This avoids tlic variations that 
would otherwise he introduced by the gradually decreasing pressure of a 
diminishing column of water as it flows into the cylinder from the flask. 



weugh oxygen to lower the pressure insitlc the system, the water begins to flow 
™ni the Mariotte flask into the cylinder. After the flow has started, the height 
the water in the cylinder is recorded and readings thereafter are made at 
desired interval. The amount of water tliat flows into the cylinder is 
^inualent to the volume of oxygen consumed by the animal. 

M hen the experiment is completed, clamp c is closed again, and clamps / 
opened. The water is evacuated from the cylinder b.v applying suction 
° side arm /, while tube 7i is open to the atmosphere. The water in the 
stiotte flask is replenished from the water bath, and tlic oxygen supply is 
’'isforcd by a current of air as de.scribcd. Tlie readings can thus be repeated 

“y number of times. 

it!" barometric pressure corrections should be made for each read- 

, ^'>"Tver, the barometric pressure changes are so slight in the ease of 
Dig duration that they were found to be of very little sig- 

In ™ ™ apparatus of .such large volume as that used for the guinea pigs, 
the oxygen consumption of salamanders using the principle dc- 
wd mi'"''' ''PP''‘’Pn>ate modifications to suit the size of the animal, Thompson 
tihlenhuth (1936) found that barometric pressure corrections were cssen- 
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tial. Because of the small quantities of oxygen consumed, it ivas found de- 
sirable to take readings over six- to eight-hour periods, during which time the 
barometric pressure could change significantly. 

An example of the results obtained with the apparatus described is shorn 
in Fig. 2. Here the effect of daily injections of an extract derived from 25 mg. 
of dried anterior lobe powder (beef) on the oxygen consumption of a guinea ])ig 
is represented. 

Table I 


Oxygen Consumption op 15 Young Guinea Pigs 
(Each value is an average of at least jive readings tahen on separate days.) 


WEIGHT, GM. 

162 

145 

156 1 

132 

137 

160 

159 

146 

172 


a 


115 

147 

167 

SEX 1 

M 

M 

M 

M 

M 

F 

F 

F 

F 

F 1 

o 

kyi 

P 

F 

r 

C.C. OXYGEN 
SQ.M. PER MIN. 

123 

139 

13S 

131 

1 

137 

146 

129 

141 

139 

1 


135 

135 

134 

13P 

UK 


Table I gives records of 15 untreated guinea pigs of both sexes ranging from 
115 to 172 Gm. in weight. The oxygen values are recorded in cubic centimeteis 
per square meter body surface per minute. The experiments were done m a 
constant temperature bath at 31° C. Friedgood (1934), using a modified 
Benedict closed circuit apparatus at 32° C., obtained average oxygen values in 
cubic centimeters per square meter per minute of 105 c.c. for male and 99 c.c. 
for females. His guinea pigs, however, weighed between 400 and 650 im. 
The higher values revealed in Table I are undoubtedly due to the younger ago 
of the animals. DuBois (1927), discussing the effect of age on nietabo isn'i 
pointed out the inverse ratio existing between the two during the earlj pei'O s 
of rapid growtli. 

SUMMARY 

1. A closed-circuit apparatus for the study of oxygen consumption 
laboratory animals has been described. This apparatus has the 
simplicity and rapidity. It lias been used satisfactorily W'ith the guinea 

rat (Krantz and others), and salamander. «• - t r hor- 

2. Oxygen consumption of a guinea pig treated with thyreoacuao 

mone is showm to be increased (Pig. 2). _ . . , jo 

3. Oxygen consumiition of a colony of 15 young guinea pigs is s i 
be comparable. No certain sex variations were observed (Table I). 
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A MODIFIED TUBE FOB TATTOO MACPIINES’ 


Edward Hollander, ^I.D., New York, N. Y. 


TATTOO has been employed in medical practice for the correction of cosmetic 
^ defects of the skin^ and eye, and for the marking of lal)oratory animals. 
I introduced tattoo with mercuric sulfide for its therapeutic effect in pruritus 
ani ^ 


In tattoo an insoluble chemical is deposited through tlie epidermis into the 
coi’ium by means of one or more needles. The standard machine consists of an 
armature {L) which vibrates through the magnetic action of two electromagnetic 
coils (M). A needle bar (N) attached to the armature passes through the 
tube {B). Six to 8 needles connected to the distal end of tlie bar move fonvard 
and backward with a thrust of 2 mm. by the vibration of the armature. The 
tube is held and moved like a writing pencil, with sufficient pressure to insure 
tlie penetration of the needles into the corium without lacerating the skin. 

The purpose of the treatment of pruritus ani by tattoo is to deposit mercuric 
sulfide uniformly throughout the corium of the involved skin. When this is 
tlonc, a uniform deep red tattoo results; the itching is relieved and the skin 
returns to its normal texture. To obtain a uniform tattoo, I use four upstrokes 
'dth each application of the chemical. The tube is held at an angle of 30 to 45 
degrees to the skin. The corium is penetrated when the needles are kept m close 
contact with the skin and when sufficient current is used to make the annaturc 
vibrate freely against the resi.stanee of the skin. It is essential that the chemical 
0 always present at the needle points, and that these points lie parallel to the 
surface of the skin. 

The following tube has liccn devi.scd to insure the presence of a chemical 
at the needle points of a tattoo machine and to reduce the tension on the finger 
^ lat directs the needles. It consists of a piece of hollow brass (A) inch in 
uiameter and IVl inches in length. It is split lengthwise on its upper surface 
®ud is soldered to the tube (7?) inch from its tip. 

The distal end of the brass piece (C) is flattened to ccpial the width of the 
pcedles, and projects % inch forward from the soldered base. When the tube 
uipped into the chemical used for tattooing, this end acts as a reservoir to feed 
c needles. It ia then practicable to increase the number of needles to the limit 
® Ibe diameter of the tube, which is 18 needles. By increasing the number of 
^edles from the customary 6 to 8, the time required to tattoo a certain area 
skin is reduced. 

Where the skin is thin, it is practicable to use IS needles to produce a 
deposit of the chemical throughout the corium, resulting in a uniform 
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deep red tattoo. However, where the skin is hyperkeratotic or leathery, not 
more than 8 needles should be used. I have found that the resistance of such 
epidermis is too great for the uniform penetration of more than 8 needles. 


D 



Figr. 1, — of the tube and machine from the side and front. 
Fjg. 2. — View of the tube from the top and front. 


The proximal end of the attachment (H) is opened into a smooth flange on 
which the thumb or index finger rests. This acts as a fulcrum to balance t 'C 
weight of the machine (8 ounces) which reduces the pressure that the ngd 
must exert to direct the needles on the skin. Preventing fatigue of the noei^s 
is especially important in tattooing an irregular surface, such as the 
region, for the direction of the needles must be changed frequently to 'cep le 
points parallel to the plane of the skin. 
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CHEMICAL 


THE ALCOHOL OF THE LUNG AIR AS AN INDEX OP ALCOHOL IN 
THE BLOOD*- 


H. IV. Haggard, M.D,, L. A. Greenberg, Ph.D., D. P. Miller, M.S , 
AND R. P. Carroll, New Haven, Conn. 


'T'HE conceotration of alcohol in the blood is now frequently determined from 
I the concentration of alcohol in the air of the lungs The values so obtained 
are used, not only as evidence of intoxication for the police court, but also as 
the basis for studies in regard to the drinlcing habits of motorists. 

It is certain that the concentration of alcohol In the lung air varies directly 
trith that in the blood. But there are differences of opinion as to the correct 
figure for the coefficient of distribution ; that is, the figure by which the amount 
of alcohol in 1 c.o. of air should be multiplied to give the amount in 1 o.c. of 
blood. There is also a difference of opinion as to the procedure for determining 
tbe concentration of alcohol in the lung air. Uniform results are not obtained 
'nth the various methods now in use. This paper presents a critical study on 
both points. 

^ The results obtained indicate that the coefficient now commonly employed 
B incorrect,' that the method now chiefly used for collecting lung air' does not 
give a correct value for the alveolar concentration of alcohol, and that conse- 
ijaeatly the results obtained for concentration in the blood and employed for 
Jiirislie and statistical purposes may be correspondingly erroneous. 

In 1931 two of us (H. W. H. and L. A. G.') determined the coefficient of 
* tribution of alcohol between air and water as 1 :1,456 at 37.5° C., which 
«e took as the temperature at which the distribution occurred in the lungs; 
'le determined the coefficient for air and blood at the same temperature as 
■ il50. Harger, Lamb, and Hulpieu,' for an apparatus called the “drunko- 
®der,’’ chose a value of 2,000 for the coefficient of distribution of alcohol he- 
"'£en air and blood. Haggard, Greenberg, and Cohen' in turn criticized the 
2®euraey of this procedure, both because of the high coefficient and because ex- 
pired air was collected in a rubber hag. They were certain, from their own 
«perienee, that such collection led to the loss of considerable quantities of 
“ '“aol, and were of the opinion, but incorrectly as is here shoivu, that the loss 

primarily by diffusion. In studies in which alveolar air was used in de- 
emmmg the concentration of alcohol in the blood, they were forced to employ 


•rained 


persons who exhaled true alveolar air directly into the train of the 


At that time this was the only method by which they were able to 
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obtain, with the low coefficient which they employed, eoiTcet values lov tlie con- 
centration of alcohol in the blood as shorni by direct determination from tie 
blood. 

In the course of the present studj* we liave uncovered a feature wliicli has 
not been previously taken into con.sideration in determining the concentration of 
alcohol in the blood from the concentration in the lung air, and which aft'onh, 
in part at least, an explanation for the discrepancies between the coefficient 
iLsed by two of us (H. W. H. and L. A, G.) and the one ased by Harger, Laiiih, 
and Hulpieu.' It is the retention of alcohol in the film of moisture rvhich con- 
denses on the surfaces of tubes and containers used in collecting e.\pire(l air. 
When expired air at body temperature is cooled to room temperature in any con- 
tainer, water vapor condenses imniediatel.v as a mist, the particles of which rap- 
idty coalesce to form a film on the inner surface of the container. TIjc pariicka 
of the mist provide a large surface ■which permits a rapid equilibrium between 
the water and the alcohol vapor in the air. This equilibrium is astahliskd at 
a lowmr temperature, and, thei-efore, at a higher coefficient of distribution, than 
at body temperature. Although the total amount of rvater separated from the 
air is small, the high solubility of alcohol in water causes a marked reduction in 
the amount of alcohol in the air from rvhich it condenses. The conecntralion 
in the air, as determined by analysis, is correspondingly lower than that w iic ! 
was actually present in the air before it left the lungs. 

Since this feature, which must be considered in handling alcohol rapor, was 
unrecognized by two of u.s (H. W. H. and L. A. G.-) at the time we 
the coefficient distribution of alcohol betrveen air and water and air 
these values have here been redetermined over a range of temperatiue loni 
to 40° C. 

1. COEFFICIENT OF DISTRIBUTION OF ALCOHOL BETWEF.N AIK AXD WATER 
The apparatus used in determining the coefficient of distribution of a 
betiveen air and wmter is showm in Fig. lA. A stream of air flowing a 
of 500 c.e. per minute, as determined by’^ the calibrated manometei i , 
through a saturated dichromate solution in concentrated sulfuiic ^ci an 

successively through flasks A, B, G, and J), each containing - i 
solution of approximatel.v 1 Gm. per liter. Dispersion of all 

in the flasks is obtained with fine carborundum bubblers. T le ^ as 
connections and stopcocks, are completely immersed in a wmter la i ^ 
desired temperature. The syringes, B and F, mounted on analysb'- 

permit withclrawml of water to determine the alcohol conten t 
Flask D is open to the room through tube G which has a of ah- 

of air in flask 2) is not measurably above that of the room duim„ ^ 

The pressure in flask C can similarly he reduced by opening •'* 
samples of air or water are withdrawm for analysis. ^ j- j) a 

In determining the content of alcohol in the air of <>.s v throii!-'!' 

volume of air at the rate of approximately 100 c.c. per ininute is .^.o),ni)eof 

stopcocks // and 0 through an iodine pentoxide analyzei and ro®'” 

air passed through the analyzer is measured at atmo.sphemc pi 
temperature, but is corrected to the temperature in flask 
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All importsiiit feature of tlic apparatus shown in Fig. 1 is the provision 
made for evaporating condensed water vapor from the cajiillary tubes leading 
to the analyzer train. The condensate which forms, when the temperature of 
the bath is higher than that of the room, may hold considerable quantities 
of alcohol. After the desired amount of air for analysis is drawn through 
stopcock JI, this stopcock is closed and stopcock 0 is turned so that a stream of 
fresh air will pass through the tube to the analyzer train. Any water which 
lias condensed is evaporated and, together with tlie alcohol which it holds, is car- 
ried into the analyzer. 

FfOJh air .1 r, * 

(niet r 

III I ■^ToanaJyser wy 


CaSbraled flowm«f«r „ 


FIGURE- IB 


Water san»li / 
tube; // 

FrosJuIr ff 
Inlet JU., 



wrewy manometer ■Constant temperature water bath 

FIGURE - I A 

Pie. 1. — Apparatus for determining distribution of alcohol between air and fluids. 

Completeness o£ eqnilibrinm of alcohol between air and water in flask D 
"B taken to exist when the concentration of alcohol in the air of flask C, as 
'jio"!! by analysis, corresponded exactly with that from flask D. In determining 
. ™<ifficient of distribution at any temperature, the concentration of alcoliol 
""he air of flask O is determined, and simultaneously water is witlidrawn with 
yinse E and measured amounts are analyzed for alcohol. Tlio calculation of 

Wtio is made as 

A' V 

(1) 1= A V'’ 

A is tlie amount of alcohol in milligrams in tlie air drawn tlirough the 
"".'■zcr train; y, the volume of air in cubic centimeters corrected to the tern- 
■’'"hire in flask Z); and A', the amount of alcohol in milligrams in the volume 
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of water, V', in cubic centimeters, taken for analysis. Pig. 2 gives the values 
obtained for temperatures from 16.5° to 40° C. 



Pigr. 2. — The distribution of alcohol between air and water, and between air and blood. C 

tration of alcohol 0.06 to 0.30 per cent 


It should be possible to calculate the coefficient of distribution of alco o 
between air and water from the values given in the literature for the 
pressure of alcohol over mixtures of alcohol and water. These deteiminat 
have, hotvever, been made with mixtures containing 10 per cent or 
alcohol by weight. The concentration found in the blood rarely excee s 
per cent. At temperatures as high at 40° C. the coefficient of distribution^^^ 
siderably affected by such changes in concentration as that betv een 0.5 an 
20 per cent. The coefficient of distribution is calculated from the vapoi p 
sure from the ratio ; 


(2) 


1 : 


10 Pd X 76 X 22.4 (273 + t) 


46 pp X 273 

in which P is the per cent by weight of alcohol in the mixtiue, ^ j 
of the mixtLU’e at temperature t; and pp the partial pressure of the a co 
over the mixture at this temperature. At 39.76° C., Wrevsln gigojiol as 
pressure of alcohol over water containing 42 per cent by v eig i , 92 per 

63.0 mm.; 22 per cent as 44.55 mm.; 18.25 per cent as 40.1 these values 

cent as 37.1 mm. The coefficients of distribution as calculate rom^ (jeterinina- 
are 1:2,590, 1:2,000, 1:1,865, and 1:1,760, respectively. From t are 
tions made at 40° C. on water containing 0.01 per cent 0 a c i 
efficients (Fig. 2) of 1,580, 1,631, and 1,638. 
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2. COEFFICIENT OF DISTRIBUTION OF ALCOHOL BETWEEN AIR AND BLOOD 
In determining the distribution of alcohol between air and blood, the 
apparatus shorni in Fig. IB is used in addition to that shown in Fig. 14. The 
entire apparatus is immersed in the water bath of apparatus in Fig, 14. Bulb 
P is of 100 c.c. capacity and is fitted by long ground joints, <? and E, to tubes 
S and T. Tube 5 is connected under water to tube U of apparatus 14, and a 
stream of air containing alcohol vapor from the flasks 4 to B is passed through 
bulb B at the rate of 750 c.c. per minute and discharged througli tube T. Two 
cubic centimeters of blood are delivered into the bulb through tube V which 
projects to the middle of the bulb and is closed by a glass-tipped stopper. The 
bulb is rotated at the rate of 10 to 15 r.p.m. ; the blood is thus spread in a thin 
film on the wall of the bulb for equilibration with the air containing alcohol. 


MO ALCOHOL PER CC 
AIR BLOOD 



*■'5 3._The concentrations at alcohol In air and blood during equilibration In apparatus shoivn 
in Fig. lA and B. 


Tlieie is no evaporation of the blood since the air-leaving flask D is fully saturated 
water at the temperature of the bath. In withdrawing blood for analysis, 
^ e rotation of the bulb is stopped with tube V in a vertical position, as sho'wn, 
ana projecting above the level of the water in the bath. Blood collects in the 
yssion ir and is withdrawn with a pipette inserted through tube V. 
j^nent air of the bulb is obtained for analysis through stopcock H of apparatus 
lA and effluent air through stopcock T. Precautions are taken, as de- 
^ to remove condensed water vapor, 

In determining the distribution of alcohol between air and blood, the flow 
^ continued for ninety to one hundred and twenty minutes. In order 

^ ® certain that equilibrium was complete, analyses were made at intervals 
“ alcohol in the water of flask D, in the affluent and effluent airs of bulb P, 
;n the blood. The values obtained in one such determination are shown 
3. Equilibration was complete here in sixty minutes. As a further 
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check upon the accuracy of the metliod used, a series of determinations ivas made 
M'ith Y-ater instead of blood ; the values obtained corresponded exactly -with those 
detei’mined as described in the previous section and given as the curve for water 
in Pig. 2. 

Pig. 2 gives the values obtained for the coefficient of distrilnition of alcohol 
between air and blood at temperatures of 20° to 40° C. The values at 35° and 
40° C. are 1 :1,550 and 1 ;1,124, respectively. The values previously determined 
by two of us (H. W. H. and L. A. 6.-) for these temperatures are 1:1,204 and 
1 :1,130. The value of 1 :2,000, employed by Harger, Lamb, and Hulpieu' cor- 
responds, from our determinations here, to a temperature of 31° C. 

This value of 1 :2,000 was not determined in vitro by Harger, Lamb, and 
Hulpieu, but is that given by Lil.iestrand and Linde.® These latter investigaton 
obtained the value empirically from determinations made on expired air and 
blood. No consideration was given to the loss of alcohol in condensed water vapor 
in collecting the air. Moreover, they are of the opinion that mixed expired air 
and alveolar air contain the same amounts of alcohol, a feature which Harger, 
Lamb, and Hulpieu were unwilling to accept, although they employed their 
coefficient of distribution. 

3. CONCENTRATION OF ALCOHOL IN THE .ALVEOL.AR -AND VENOUS AIRS 

It is difficult to obtain on untrained subjects, particularly if 
partially intoxicated, a reliable sample of alveolar air. For these 
Harger, Lamb, and Hulpieu^ collected mixed e.xpired air, determined ot e 
concentration of alcohol and the per cent of carbon dioxide, and comeite f 
former to what they assumed to be the alveolar concentration of alco lo 
basis of a constant 5.5 per cent of carbon dioxide in alveolar air. ^ This proce 
involves the assumption that carbon dioxide and alcohol diffuse not i 6Q 
rapidity into the air of the respiratory dead space, an assumption wiic 
shall later demonstrate to be incorrect. In obtaining the alveolar 
of alcohol we® have prev'iously employed trained subjects and takeii, <is ‘ , 

air, the last third of expiration as in the method of Haldane an 
AYe find now that this procedure is unnecessary and that the venous air 
by a short period of rebreathing gives, for both trained and from 

a concentration of alcohol that is nearly identical with that o yai^ 
alveolar air. These same relations have been shown previouslv to o 
bon monoxide present in the blood.’ Pip 

A consideration of the principles of elimination of gjpgj,ol h 

theoretical validity of the procedure. Because of its high so u jjr pie 

eliminated only in small amounts in the expired air; the concen la 
pulmonary venous and arterial bloods, unlike the rcaeb- 

dioxide and oxygen, are only slightly different. The alcolio m 
ing the lungs is distributed between the respective volumes o 
in the relation of the distribution coefficient.”’ ” Therefoie, 



(3) Ac — Yp B > 
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in ivliich Ao and T’c arc the concentrations of alcoliol in grains jn'r liter in the 
arterial blood leaving the lungs and the venons blood reaching the lungs ; B, the 
volume of blood circulated through the lungs in time t; L, the volume of pul- 
monary ventilation in this time; and C, the coefficient of distribution of alcohol 
between blood and air with the concentration in air taken as 1. 

During rest the volume of the circulation through the lungs and the volume 
of the pulmonary ventilation are approximately the same. On this basis, the 
relation between the concentrations of alcohol in the arterial and venous bloods 
at a distribution coefficient of 1:1,300 would he 1:1 00077 (equation 3). The 
error introduced in the determination of the arterial concentration would, there- 
fore, be 0.077 per cent. Even wide variations in blood flow and volume of pul- 
monary ventilation would not introdnec an appreciable error ; thus if the ven- 
tilation were ten times as great as the blood flow, the theoretical error as calcu- 
lated would be increased from 0.077 to only 0.77 per cent. 

Frtiti jfr 



J'lff. Apparatus for determining tlic concentration of alcohol m the alveolar and venous airs 


The apparatus shown in Fig. 4 is used to determine the concentration of 
alcohol in both alveolar and venous airs. It consists of a glass tube, A, of 2.5 cm. 
bore, 2 meters long, contained in an asbestos lined wooden box, 15 cm. in sec- 


tional diameter. The tube projects a short distanee from the ends of the box 
ijad is fitted at one end with a glass mouthpiece, B, made tight with a ground 
joint and removable for sterilization with dry heat. The .stopcock C, of 1.25 cm. 
bore, is controlled from oiitside the box and serves to close off the tube after 
Ihc sample of lung air has been collected. To prevent condensation of water 


'3por aleoliol, as discussed in the iie.vt section of this paper, tlie 

hibe is kept at a temperaUire slightly above 40'" C. by heating coils; the current 
regulated by a rheostat. 


Alveolar air can be collected in the tube as in the procedure described by 
j baldane and Priestley.^ Following a normal inspiration, a deep e.xpiration is 
‘ and stopcock C is closed. Venous air is collected by liaving the subject 

; ^ nose clip and rebreatbe from the tube six times ; stopcock C is closed at 

; 'e end of the last expiration. To determine the concentration of alcohol in the 
' ^ohected, stopcock B is opened and 100 to 200 c.c. of air are drawn from the 
' into the analyzer train by water displaced as described for the apparatus 
'Cam in pja suitable correction is made for the difference in temperature of 
^ ^ ah in the tube and tliat in the room. Stopcoek E is then turned to permit 
1 ^ of fresh air, obtained outside the room, to flush the tubes leading to tlic 

; train and to remove any condensed water vapor. The expired air is 

' '^^bed from tube A by opening stopcock C, inserting stopper E, and drawing 
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a brisk current of air through tube G which is connected to a suction pump. The 
apparatus described here can be assembled in more compact form by having 
tube A bent into a coil and enclosed in a square box. 



Pig. 5. — Correlation between the concentration of alcohol in alveolar and venous ai 


Fifty-three pairs of comparative determinations were made of t e 
trations of alcohol in the alveolar and venous airs of 5 trained subjects, 
each drank from 30 to 150 c.c. of alcohol diluted to 50 per cent hj vo ume ^ 
water. At intervals thereafter the concentration of alcohol in the oboo ^ 
was determined and immediately following, that in the venous an. 
presents the values obtained ; each dot is made at the point of inteisee lo 
lines drawn from the ordinate value for the concentration in 
from the abscissa value for that in the alveolar air of corresponding e 
tions. The average of all the values obtained for the alveolar an uas ■ ^ 
for the venous air, 0.823 mg. per liter. The maximum variation m anj 
pair of determinations was less than 5 per cent. 


4. CONCENTRATION OF ALCOHOL IN THE MIXED EXPIRED AIR ^ 

It is possible, as is demonstrated in the next section of this 
expired air in a rubber bag without appreciable loss f of 40° C. to 

five minutes, provided the bag is kept warmed to a tempe incubator 

prevent condensation. In the study here a rubber bag was place m^ 
kept slightly above this temperature; the short glass tube ea m^n 
and used as a mouthpiece by the subject, was passed thioiig p,.. 

incubator and was warmed with a small heating coil. ® ^ « •'the bag 
pired air the subject, previously given alcohol, exhaled into t],eii closed 

emptied and a second expiration was collected. The mout ipiece 
and a measured sample of the air was dravm into the ana J zci 
cautions, as previously described, to remove the condense va 
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Table I gives a series of values obtained from one subject for the concen- 
tration of alcohol and per cent of carbon dioxide in the mixed expired and 
alveolar airs. Nine similar series made with this subject and witli four other 
subjects gave the same results within the ordinary limits of individual variation. 

Table I 


Subject Given by Stomach 110 c-c. of ETin’L Alcohol Diluted to 50 Per Cent 
With Water 


TIME AFTER 
GIVING 
AlCOIIOL 
(HR.) 

ALCOHOL 

C.VRbON DIOXIDE 

MIXED 
EXPIRED AIR 
(MG./L.) 

ALVEOLAR 

AIR 

(mq./l.) 

EXPIRED AIR 
(%) 

ALVEOLAR AIK 

alcohol IN 
MIXED EXPIRED 
AIR 

00^ ALVEOLAR 

CO^ EXPIRED 
(MG./L.) 

1 

1.01 

1.15 

4.1 

5.6 

1.38 

2 

0,97 

1.15 

3.8 

5.5 


3 

0.85 

1.06 

3.9 

5.8 

1.26 

4 

0.71 

0.90 


56 

0.99 

5 

0.63 

0.77 

3.9 

5.S 


6 

0.48 

0.61 

3.7 

5.4 


7 

0.40 

0.43 

3.9 

5.6 

0.58 


The last column, of Table I gives the concentration of alcohol calculated for 
alveolar air as in the procedure followed by Hrirgor, Lamb, and Hulpieu,^ i e., 

concentration of alcohol in mixed expired air x 

^ CO 2 in mixed expired air 

^ch instance this calculated value is higher tlian that obtained by direct 
measurement: the average difference is 18 per ceni, and the minimum and 
maximum differences are 9 and 23 per cent. These findings suggest that 
alcohol diffuses more rapidly from the surface of the respiratory passages into 
ihe air in the respiratory dead space than does carbon dioxide. The diffusion 
of alcohol from these surfaces does not affect the concentration of alcohol obtained 
^ffectly from the alveolar or venous air, but only from the mixed expired air, 
approximately one-third the volume of which comes from the virtual dead space. 

has demonstrated that the carbon dioxide which diffuses from the 
^^spiratory passages enters the mixed expired air, but not the exhaled alveolar 
In rebreathing, as in the procedure used here to obtain venous air, 
^ilibrium of alcohol is reached throughout the entire respiratory tract. We 
demonstrated that the concentrations of alcohol in the alveolar and venous 
fii-e nearly identical (Pig. 5). 

The extensive diffusion of alcohol into the air in the respiratory dead space 
^'S heen previously observed by Liljcstrand and Linde;® they found that mixed 
Spired air contains nearly as much alcohol as the alveolar air. As .seen from the 


Values 


given in Table I, the concentration of alcohol in the alveolar air is, how- 


higher than in the mixed expired air. The average difference is 21 per cent 
series of experiments was carried out here to demonstrate that the 
U'^ion of alcohol into the air of the respiratory dead space is more rapid than 
dioxide. For this purpose the month air was used, as in the 
of Henderson and Stehle’^ on the diffusion of carbon dioxide and oxygen. 
‘ s'Jijject, previously given alcohol, inhaled and then immediately closed off the 
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mouth, at the pharynx and breathed through the nose. A glass tube was held 
between the lips, and the mouth was inflated with 75 e.c. of air by means of a 
hand bulb attached to the tube ; the mouth was then emptied and reinflated. The 
air was held for two minutes, and the concentration of alcohol and the per cent 
of carbon dioxide in it were then determined. Immediatelj’- thereafter the con- 
centration of alcohol and per cent of carbon dioxide in the alveolar air were de- 
termined. In a sei'ies of four such experiments the concentrations of alcohol in 
the mouth air were 42.4, 43.2, 41.7, and 44.9 per cent of that in the alveolar air; 
the per cents of carbon dioxide in the mouth air wmre onl}" 16.3, 14.6, 15.1, and 
17.2 of that in the alveolar air. In a second series of experiments, in which the 
air was held five minutes instead of trvo, the differences in rate of diffusion were 
still evident, although less marked ; the average value for the concentration of 
alcohol was 46.2 per cent, and the carbon dioxide was 36.1 per cent of that in the 
alveolar air. 

The concentration of alcohol in the mixed expired air is less than that in t c 
alveolar air by approximately’’ the same amount that it is exceeded by the con- 
centration calculated for the alveolar on the basis of the per cents of car on 
dioxide (columns 2, 3, and 6, Table I). It would appear then to make ittc 
difference, so far as accuracy is concerned, which of the tv,’o values 
calculating the concentration of alcohol in the blood; the error woii ^ e e 
same, but in opposite directions. An error of 20 per cent in calcu atmg 
concentration of alcohol in the blood from that in the lung air is pro )a y no 
serious if such determinations are intended only as rough cliniea ' 

tions or are to be used, as they often have been used, in police tests to 
suspect into a confession of hamng drunk immoderate amounts of a co 

This, however, is not the only^ error resulting from the pioee 
generally^ used. A further and widely*^ variable error is intro uce ^ 
method of collecting the expired air and ’uill be discussed in the fo oviUo s 

5. LOSS OF ALCOHOL IN CONDENSED WATER VAPOR ^ ^ 

When expired air is collected in containers or passed throUoh 
temperature lower than that of the body, alcohol, as ’^ve have sta e , 
in the condensed water vmpor. This loss, and the corresponding error 
into determinations of the concentration of alcohol in respire of 

stant, but varies with the temperature of the container. The apprC" 

carbon dioxide in the air, because of the lo’vr’ solubility of this »as, 
eiably^ affected by' the condensation of water vapor. i i ] ‘n conflu'-'’'^*^ 

The following experiments demonstrate the loss of ^ vapor 

water vapor. Air at 40° C. containing alcohol and saturate jjj(o a 

was run from outlet G of flask D, of the apparatus showm in 
rubber bag. The bag was placed in an incubator so that oiirce of 

temperature desired. The short glass connection between ^ of air 

vapor and the bag was warmed with an electric heating coi • n^^antity of ok- 
had been collected, the bag was emptied and again filled ivit i ns jniniitc'- 
Samples of air were drawn from the bag at two, five, fifteen, obtaincfi arc 
and the concentration of alcohol was determined. Tie 'O 
shown in Fig. 6. 
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When the bag in which the air was collected was warmed to 40’ C. (curve 
A, Fig. 6), the loss of alcoliol was slow and nearlj- uniform; in five minutes the 
concentration had fallen 3 per cent, and in thirty minutes, 13 per cent. When 
the bag was kept at a temperature of 20° C. (curve C, Pig. 6), tlicrc was an im- 
mediate sharp drop in concentration, followed by a slow progre.ssive drop ; in 
two minutes the concentration liad fallen 18 per cent ; in five minutes, 2G per 
cent; in fifteen minutes, 30 per cent; and in thirty' minutes, 34 per cent. Wlien 
the hag was cooled to 10° C. (curve D, Pig. 6), the decreases in concontrafion at 



TIME - MINUTES 

We. Loss of alcohol from tung air In condenseU water vapor at different temperatures. 

Ike corresponding times wore 28, 41, 50, and 52 per cent. In a final seric.s of 
terminations (curve E, Pig. 6), the bag was first kept at 20° C. for fifteen 
®Wutes ; during this time file concentration fell 32 per cent. Tlie bag was then 
''■wmed to 40° C. to evaporate tlic condensed water vaiior ; tlie concentration of 
“'cokoi rose, reaching a value only 14 per cent below the Initial concentration. 

, ^'wm the results obtained here it i.s evident that if e.vpired air is collected, 
r ^ke practice,’ errors as great as, or even greater than, 50 per cent are to 
c C-Tpeeted. Sucli a collection is made from motorists at tlie roadside, under 
’wde range of daily and seasonal temperatures, and no precautions arc taken to 
'''®'cnt condensation of water vapor from the breath. The error from condensa- 

can be avoided only by having the receptacle in wliich the air is collected 
. “ •'"’perature sufficiently higli to prevent condensation of moisture, as i.s done 
' '' apparatus shown in Pig. 4. 

boss of alcohol in condensed water vapor occurs, not only wlicn ruliher liags 
' ®cd to collect expired air, but also when tlie air is passed through glass or 
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metal tubes. This fact is demonstrated here by a series of determinations oi tl\e 
concentration of alcohol in alveolar air (Haldane and Priestley) made ivith tlic 
apparatus shown in Fig. 4. In separate determinations the tube ivas kept at 
10°, 20°, 40°, and 50° C. One trained subject was used and ten determinations 
were made at each temperature. The coefficient of distribution of alcoliol be- 
tween air and blood was calculated from the concentration of alcoliol obtained 
in the alveolar air and that in blood drawn simultaneously. At 10“ C. the 
average value found for the coefficient was 3,123 ; at 20° C., 1,819; and at 40“ C., 
1,304. On increasing the temperature of the tube to 50° C., no further change 
occurred in the coefficient, which at this temperature was 1,306. 


6. COEFFICIENT OF DISTRIBUTION AS DETERMINED ON 100 SUBJECTS 

One hundred different subjects were either given alcohol or were brought 
to the laboratory after they had taken alcohol. No comparison between the 
concentration of alcohol in the blood and venous air ivas made until it nas 
certain, from repeated determinations on the blood, that the concentration of 
alcohol had reached its maximum and had decreased over a period of at least one 
hour. This feature is important in using the concentration of alcohol in the 
capillary or venous blood as an index of that in the. arterial blood. absorp- 
tion and distribution of alcohol are complete, the concentration of alcoho m 
blood from all sources corresponds closely, but prior to this time, exact agreemen 
does not exist and appreciable errors may be introduced into the calculation o 
the distribution coefficient.^- 

The blood of the subjects -was tested for acetone by the method 
by Shipley and Long no appreciable amount was found in any 
procedure was folloived, since iodine pentoxide, used for the analysis o 
reacts to acetone. In the analysis of blood the acetone can be lenioie 
Mariott Seott-Wilson reagent, but similar removal cannot be made 
respired air. In determinations made on more than 200 subjects ® 
we have found no amount of acetone in the blood sufficient to m lo 
error into the determination of alcohol. An equal number of showed 

made on the expired air of these subjects before they were given ® "jg 
a similar absence of oxidizable material when the sample taken for an 
not larger than 200 c.c. This result was obtained even on subjec 
eaten onions or candy containing essential oils. From them, an ‘^.^.1, yide 
subjects Avith foul breath, a faint blue coloration is obtained in t le s 
solution used for collecting the iodine liberated from the pentoxi c^^ 
only when, more than 1 liter of expired air is passed throng i jiere. 

train this amount is five to ten times that used in the analyses lep 

The concentrations of alcohol in the bloods of the one ind^2-8S mg- 

in determining the coefficient of distribution ranged betw-een . < 

per cubic centimeter. The concentration of alcohol in the forlbc 

termined simultaneously with that in the blood. The values ^ in 
coefficients of distribution of alcohol betiveen air and blood are s loi ^ 

Fig. 7 . The av-erage for the series was 1:1,307, ndth extremes 
1 :1,307, variations of -9.7 and -f8.9 per cent. 
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Harger, Lamb, and Hulpieu* liave reported a similar series of determina- 
tions in which the “drunkometer” was used to obtain tlie concentration of 
alcohol in the expired air from which that in the alveolar was calculated on the 
basis of the per cents of carbon dioxide in expired and alveolar air The values 
they obtained are shown in Fig. 7 as circles ; the average value is approximately 
2,000, but the extremes are 1:1,220 to 1:4,200, variations of -39 and +110 
per cent. Such variations would appear extreme even for medicolegal approxi- 
mations. 



7. TElilPERATURE AT WHICH THE DISTRIBUTION OF ALCOHOL 
OCCURS IN THE LUNGS 

The coefficient of distribution of 1 :1,307, as given in the previous section, 
corresponds to a temperature for the distribution of 38° C. (see Fig. 2). This 
temperature is very nearly that of the blood flowing through the lungs.^®- No 
measurements have ever been made of the temperature of the air in the lungs, 
3nd few reliable ones have been made of the temperature of the air leaving the 
wlien not mixed M'ith air in the respiratory dead space. The most recent 
precise arc those made by Seeley.*** He finds that when the air breathed is 
20 C., the temperature of the exhaled air measured at the larynx is 35 C. ; 
the air breathed is 10° C., the temperature of the exhaled air falls to 34° 
L, and when breathed at 40° C. it rises to 36° C. It is certain that the tempera- 
of the expired air does not precise^' represent that in the lungs. If it did, 
^ ^ oir in the alveolar spaces would be indicated as having a lower temperature 
■''’1 the blood passing through the lungs. 

^ The air in the respiratory dead space, which is motionless between tlie times 
^^nhalation and exhalation, \omes into partial equilibrium, as we have shown, 
the alcohol on the surface of the respiratory passages j this alcohol appears 
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in the air of the first part of expiration. It is improbable, for reasons whicii 
we have previously indicated, that dui’ing expiration the rapidly moving alveolar 
air either receives or gives up alcohol to surface tissues which may be at a loner 
temperature than the lungs. We have, however, investigated this point. On 
rebreathing from the tube of the apparatus shown in Fig. 4, to obtain venous 
air, the inhaled air becomes warmed to nearly 40° C. We have already sliomi 
(Fig. 5) that the concentration of alcohol in the alveolar air, after inhaling 
air at ordinary room temperature, is nearly identical with that of the venons 
air. This fact suggests that the temperature of the expired air has no influence 
upon the concentration of alcohol in the alveolar air. These observations were 
extended to include room temperatures of 10° and 40° C. Neither temperature 
affected the concentration of alcohol, as determined in the alveolar air. 

"When the alveolar air was exhaled into the tube (apparatus Fig. 4), heated 
to 40° C. and allowed to remain thei'e, no fog and no condensation occurred; 
when the temperature of the tube wms lowered to 35° C., there was a slight, Init 
definite, fog ; and when the experiment ivas repeated at a temperature of 30° C., 
there was a heavy fog, with condensation of a film of water upon the interim 
of the tube. This observation indicates that the alveolar air is saturated with 
water vapor at a temperature above 35° C. If, then, during expiration, the air 
from the depths of the lungs does not lose water in the respiratory passages, ewn 
at their lower temperatures, it is highly proliable that it would not lose a eo o . 

More precise measurement of the Avater vapor was obtained by direct e 
termination from the alveolar and venous airs. A TJ-tube containing 70 
anhydrous magnesium perchlorate ivas attached to the tube from .stopcoc o 
the apparatus shown in Fig. 4. The glass connections were warmed u it ' a 
ing coil to prevent condensation. Two hundred cubic centimeters of a \eo ai^m 
venous air were drawn through the U-tnbe, and the gain in weight was 
termined. The values obtained for five determinations on one 
alveolar air wdth inspired air at 20° C. were ; 43.0, 43.1, 44.0. 42.6, an 
per liter, the average of which corresponds to the amount of uatei m 
satui'ated at a temperature of 37.2° C. The values obtained lom 
air with the rebreathed air at 40° C. were; 41.7, 44.2, 43.2, 44. , am 
per liter of air. 


CONCLUSIONS _ 

1. The coefficient of distribution of alcohol between aii an ) ^.^ooO. 

widely emplo.ved, is that assigned b.v Harger, Lamb, and Hulpieu, 1 1 ^ 

We find that the correct value, as determined both in vitro and m ^ 

2. The discrepancj" is, in part, due to the loss of alcohol in 


V calculaFfl 


vapor in containers used to collect expired air. This loss has been ^ 

3. The concentration of alcohol in lung air cannot be clioxidc con- 

from the concentration in mixed expired air on the basis respirator^ 

tent of these airs. Alcohol diffuses more rapidly into the aii ° concen- 

dead space tlian does carbon dioxide. The diffusion does not a ee 

trat ion in the alveolar or venous air. , closely to that 

4. The concentration of alcohol in the venous air correspon s ^ air 

in the alveolar air. A method is described for obtaining venous a 

without loss of alcohol. 
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5. The temperature at wliieli the distribution of alcoliol between air and 
blood takes place in the body is that of the blood in the Innss 

6. The procedure now widely used in medicolepral investigation and 
statistical studies for determinin" the concentration of alcohol in the blood from 
that in the expired air is subject to serious errors. It is, however, possible to 
detenninc accurately the concentration in the blood from that in the hnif; air. 
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A.:' Breath Odor.s From AHiaceou.s Substances, 


A CLINICAL METHOD FOR THE DETERMINATION OP ASCOEBIC 
ACID IN BLOOD PLASMA AND URINE^ 


Elmek Stotz, Ph.D., Waverley, Mass. 


TVyilNDLIN and Butler^ have developed a method for the determination o: 

plasma ascorbic acid, measuring photoelectrically the excess dye remain 
ing after the reaction between ascorbic acid in a metaphosphoric acid filtrat( 
and 2,6 dichlorophenolindophenol. In avoiding a titrimetric procedure ii 
strong acid solution which allows considerable error due both to slou' reductioi 
by other materials and to decomposition of the oxidized dye, the method repre 
sents a real advance. The method of Bessey^ extends the usefulness of tWi 
procedure by eliminating the necessity of absolutely clear and colorless filtrates 
The preparation of such filtrates in the first method requires considerable can 
and time in filtering; in the second method two readings of the photoeleclri 
device are necessary for each sample. In both procedures the photoclectrr 
readings must be completed immediately after each addition of dye, with dm 
care exercised in observing possible ‘ ' di’ifts ’ ’ of the reading due to the presenci 
of slowly reducing materials, all of which is very time-consuming in scria 
analysis. The finding of BuhatsclP that oxidized 2,6 dichlorophenolindop leno 
can be quantitatiA^ely extracted from acid solution with xylene has led to ai 
accurate, rapid clinical method. The method developed includes all the ac 
vantages of the procedures described, does not require special care in the piep 
aration of the filtrate, and requii’es only a single photoelectric rea mg e 
each sample. The dye is allowed contact with the ascorbic acid foi t le s 
time necessary for reaction, then extracted into xydene, Avhere it is no oM 
subjected to an acid medium or to sloAvly reducing substances, and ^ 
completely stable for hours. The extraction involves a simple 
xylene and brief centrifugation. Because of the stability featine, as^ni 
samples as desired can be treated with the dye and extracted, and u 
are completed, the color of the xylene layers measured as a unit in 
electric device. The separation of the chemical Avork from ^ (]yi 
measurements saves time in its greater convenience. The stability o 
in xylene permits the reliable use of the Ausual colorimeter in t le a is 

photoelectric devices. . . •ncrensin! 

The method to be described A\'as deA'eloped Avith the A'iou o i 
the ease and speed of plasma ascorbic acid determinations in sciia 
required in a recent research project. 


determination 

Apparatus and Reagents. — Any photoelectric colorimeter, or, as 

in this Avork, a Coleman “DM” photoelectric spectropbotometei. 

. .IV AIas.i.. a"'' 

•From the Biochemical Laboratory of McLean Hospital, tVa^cr c , ^ 
ment of Biological Chemistry, Harv'ard Medical School, Boston. 
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Jletaphosphoric acid. Six grams of clear sticks of glacial metaphosphorie 
acid, dissolved in 100 c.c. of water and filtered. This reagent is serviceable 
for eight to ten days if kept in the icebox. 

Dye solution. Approximately 12 mg. of 2,6 dichlorophenolindophenol dis- 
solved in 200 c.c. of warm distilled water, cooled and filtered. This reagent is 
satisfactory for eight to ten days if kept in the icebox. 

Sodium hydroxide. An approximately 0.8 N solution made by dissolving 
32 Gm. of sodium hydroxide in 1 liter of water. 

Phosphate-citrate buffer. Approximately pH 4.0. Mix 30 c.c. of 0.2 
disodium phosphate and 50 c.c. of 0.1 jM citric acid. 

Bromeresol green 0.04 per cent. Add 14.3 c.c. of 0.01 X sodium hydroxide 
to 0.1 Gm. of bromeresol green and make up to 250 c.c. with water. 

Xylene, C.P. 


Method . — ^Blood for analysis should be collected (approximately 7 c.c.) 
with a dry syringe and kept in thoroughly clean pyrex tubes containing oxalate 
{about 20 mg.) as an anticoagulant. Excessive shaking and other eaiuscs of 
heraolysis are to be avoided. The tubes are chilled after collection and analysis 
is started within five hours. The blood is centrifuged and the plasma i.s with- 
dra^\Ti. Three cubic centimeters of plasma arc measured into a test tube, fol- 
lowed by 3 c.c. of distilled water and 6 c.c. of 6 per cent metaphosphorie acid. 
After thorough mixing and allowing to stand for fifteen minutes, the tubes 
are centrifuged at 2,500 r.p.m. for fifteen minutes. The metaphosphorie acid 
filtrate may be kept for several houi's in the cold without loss of ascorbic acid. 
A pipette is inserted into the supernatant fluid and exactly 8.0 c.c. of filtrate 
are removed to a 30 c.c. test tube. Two drops of bromeresol green indicator 
are added and 0.8 N sodium hydroxide is added dropwise with shaking until 


a green color is reached, then approximately 1 c.c. of the phosphate citrate 
uffer is added. Exactly 2,0 c.c. of the dye solution are added, the tube is 
revolved for mixing, the solution is layered witli 12.0 c.c. of xylene, corked, 
and shaken for ten to fifteen seconds. Only fifteen to thirty seconds need 
^apse between addition of the dye and extraction in order to avoid slow, 
interfering reactions. The amount of dye prescribed in this test is sufficient 
In react with approximately 0.05 mg. of ascorbic acid or a plasma ascorbic 
of 2.5 mg. per cent. If more tlian this is encountered and the dye is com- 
P etely reduced, accuracy is not sacrificed by adding a further 1.0 or 2.0 c.c. 
^ ^ye at this stage. The tube is centrifuged briefly to separate the layers, 
^^‘^nsionally, and more often on too vigorous a shaking, the two layers do not 
separate well, in this case, after the first centrifugation, the xylene layer 
on d tig stirred briefly with a glass rod and again centrifuged. At the end 
a series of analyses a “control*^ tube should be prepared, containing 8 c.c. 
^’ater, 1 e.c. of buffer, and exactly 2.0 c.c. of dye, followed by xylene and 

^^naction. 


xylene layer may now be poured off easily and at any time within 
^^^eral hours into the special cells of the photoelectric device. In the case of 
jjA^^^Jtrophotometer, with xylene in the ‘‘solvent” tube, the transmission 
^ “unknown” and '‘control” tubes arc determined at wave length A = 
(In the Evelyn or other photoelectric colorimeters the filter trans- 
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mittiiig maximally at 500 Rl/t should be used.) The difference in the logarithms 
of these two transmissions is directly proportional to the amount of ascorbic 
acid originally present, that is, 

C = k(log '“/I control - log ^"/I unknown) = k(A log). 

Entirely similar relations are given in Bessey’s paper for the case of (he 
Evelyn colorimeter. The value of K must he determined only once for the 
prescribed conditions and for the instrument used, with a carefully veighcil 
or iodine standardized ascorbic acid solution. Thus in this case a log = 0.0G4 
was equivalent to 0.01 mg. of ascorbic acid, hence the milligrams of vitamin C 
involved in a given determination would be 


A log 
0.064 


X 0.01. 


Since the 8 c.c. of filtrate repre.sents 2.0 e.e. of plasma, then in 


milligrams 


per cent of plasma ascorbic acid 

C = X 0.01 X 50 = 7.81 (A log). 

If the visual colorimeter is used, various dye controls must he piepa'cd as 
above in order to permit accurate comparison with the widelj' diff’eient ascoi nc 
acid values encountered in routine analysis. Also, each dye solution uti ize( 
must be standardized against a carefully prepared ascorbic acid solution. ^ 
reduction of the amount of dye prescribed is great, more favorable co 
is obtained by adding a greater excess of dye. 'I'isiial colorimetiy camio , 
ever, provide the accuracy olitained by photoelectric measurement. 


Table I 

Reproducibii.ity of AIethod and Comparison With Besse\ ’s- Pkocehure 

Plasma Ascorbic Acid Determination 


Blood 1 


Blood 2 


Blood 3 


Blood i* 


PRESENT METHOD 
(MG. %) 

0.74 

0.70 

0.71 

1.08 

1.06 

1.11 

0.38 

0.42 

0.39 

1.79 

1.82 

1.82 


bes.sev’s method 
(MG. %) 

oTtt 

0.72 

0.76 _ 

Lie 

1.12 

1.11 

OAl 

0.44 

0.40 

~L83 

l.SS 

1.87 


•Taken after administration of vitamin C. 


AtXRAGE 91 


DirrERES’CE 


Foiial volumes m 

The same method may be readily applied to urine. filtered, 

freshly voided urine and 6 per cent metaphosphoric acid ^ ron?'* 

An appropriate volume of this filtrate to be used maj je JR o 


titration into 2 c.c. of the dye. . . gjjd i-pcoverie.'^ 

The reliability of the indophenol dye-ascorbic acid leac i ^ 
obtained by its use have been amply shown.’’ • It R'RS ^^/T^-oliition by xylene 
on the quantitative extraction of the oxidized dye fiom aci ^ of 

and the applicability of Beer’s law to the xylene jve utilized'’' 

these stipulations were satisfied in the concentration found on sevee" 

this test. Table I illnstrate.s the agreement of the 
samples of blood by Bessey’s method® and the present mo 
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A SIMPLE EAPID METHOD FOR DETERMINING RELATIVE BLOOD 
VOLUSIE CHANGES BY SPECIFIC GRAVITY STUDIES'* 


C. T. Ashworth, 5LD., and AV. D. Tioertt, M.D. 
Dallas, Texas 


advances in the study and treatment of .sliock liavc made necessary 
a simple practical method for determining changes in blood volume during 
t e development and treatment of that condition. AVc present herein a method 
which is thought to represent such a procedure based entirely on specific gravity 
determinations. 

^ Methods that arc at present in use for estimating blood volume changes 
uniformly depend upon tlie determination of the concentration of various sub- 
stances in the circulating blood, and from the known total amount of tliat jiar- 
icular substance in tlie blood, calculating tlie total volume of blood therefrom 
ith this general principle as a common feature there are two separate, prac- 
'cal approaches that may bo utilized. Tlic first of tliose is the dye method, 
fst introduced in 1915 by TCeith, Rowntree, and Gcraglity ^ Tliese investiga- 
ors determined the blood volume from the concentration of vital red injected 
jnto the circulating blood. The most significant modification of this metliod 
been that of Gregersen, Gibson, and Stead,® who introduced Evan ’s blue 
determined the dye concentration by photoelectric colorimetry, 
ough there are disadvantages and sources of error in these methods, their 
u^ehas become well established in recent years. It is, however, with tlie second 
® ese general methods for determining blood volume changes that the present 
wnsideration is particularly conccnicd. This metliod takes into account tlie 
’•_^ages in concentration of red lilood cells, hemogloliin, or plasma proteins. 

ottman^ in 1906 was the first to utilize this principle. In more recent years 
^^uumber of investigators have studied blood volume changes, particularly after 
‘Ujection of isotonic and hypertonic fluids, using hemoglobin changes as tlie 
of blood volume alternations. Ulost of these workers liave used difficult 
^3^ometric methods for hemoglobin determination. Bogert, Underhill, and 
showed that the variations in hemoglobin were an accurate indication 
^ relative blood volume change by simultaneous determinations of total solids 
Po’*d Jlendel,® Blaloclc, Beard, and Tliuss,'^ Jliller and 

^^^xter,’ and Robertson® obtained apparently good results in estimating 

R^civ ^^Partinent of Patliology, Baylor University College of Jlcdlcinc, Dallas. Texas. 


^6(1 for publication, November 19, 1940. 
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blood volume change by hemoglobin alterations after intravenous injections of 
fluids in animals. Gilligan, Altschule, and Volk® used changes in the hemato- 
crit to calculate changes in blood volume in human beings following intravenous 
injections of various fluids. These investigators were able to compare the re.sults 
of tliis method with the dye method of Gregersen, Gibson, and Steac? in a 
few eases. They found the results to be in good accord. 

Investigators, particularly Lamson and EosenthaT® and Jliller and Poin- 
dexter,” have seriously objected to the older dye methods on the basis of inac- 
curacy. However, these workers failed to take into aceoiiht the residual dye 
remaining from previous injections in repeated blood volume determinations. 
This source of error has been clarified by Smith.^^ The method of Gregeiscn, 
Gibson, and Stead® at present must be considered the most accurate means of 
determining a given blood volume level, but is not itself free from disadvantages 
and sources of error. Particularly in cases of shock and burns undei clinical 
and experimental conditions, the curve of disappearance of the blue dj c vill be 
variable because of variable degrees of capillary damage. Under these same 
circumstances there vdll be relatively less disappearance of red blood cells lom 
the circulating blood. Furthermore, in the use of the dye method for repea e 
blood volume estimations, the necessity of determining the disappearance curv 
in a particular subject is an almost insurmountable disadvantage cmic< 
shock and burns; to a less extent is this true under experimental con i lons- 

In studying the alterations of the blood in experimental shock in 
attention was called to the great practical value of estimating changes m 
volume by changes in the hematocrit. It was also found that ^ -(jg 
cell percentage (hematocrit) could be accurately detemined fiom 
gravity of whole blood and plasma. This report is, therefore, designe 
trate the simple and practical manner of determining ^ to 

changes from specific gravity determinations. The method is a ap e ^ 
the determination of approximate plasma volume changes, an no o 
curate determination of the blood volume level. The proce me 
calculating the hematocrit from the specific gravity of whole ) oo a 
and determining from changes in the hematocrit, alterations m 
volume. 

METHODS _ ^ ^ 

Dogs were used in all experimental work. Anesthesia vv as jjitcr- 

intravenous injection of nembutal. Blood samples were taken a v^a 
vmls, an av'erage of four samples for each experiment. Bloo jicccssary'- 

from exposed jugular veins so that no compression of the . intrapcd' 
Shock was produced by trauma to extremities, trauma to in es i^ j^^^p^iquets 
toneal injection of 25 per cent sodium chloride, or '°”vera"e duration 

to both legs with subsequent release of the tourniquets. ^^,*"^'s^jre'"vvas deter- 
of the experiments was nine hours. Simultaneousty bloo Hepn^o 

mined by mercury manometer connected with the earoU f/(,(jjiits. hcmato- 
was used as the anticoagulant. On all samples of blood re ce pjjjsTua 

crits, specific gravity of whole blood, and specific ^avity o of 

determined. The hematocrit w'as determined according o 
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trol)e,'= centrifugation being carried out for forty-five minutes at 3,000 r.p.m. 
The specific gravity of whole blood and plasma were determined by the Falling 
Drop Jlethod of Barbour and Hamilton.*^ 


PROCEDURE 


The hematocrit may be determined by specific gravity determinations of 
blood if it is recognized that the specific gravity of tlie wliolc blood is dependent 
upon the specific gi*avity of the red blood cells, the specific gravity of the plasma, 
and the proportions of the latter two components- This fact is apparent since 
the specific gravity of a mixture of two solutions is proportionately dependent 
npoB the specific gravities of the two solutions. Assuming that solution A is 
composed of 4 e.c. of solution B and 2 c.e. of solution d, then 

(1) Sp. Gr. of A = of B X 4) -H (Sp. (!r. of V x 2) 

6 

Tlie same will be true of wbole blood, as follows : 

(2) Sp. Gr. of AVhole Blood =« (Sp. Gr. of K.B.f, x R.B.C. %) + 

(Sp. Gr. of Plasma x 100 - K.B.C. %) 

c , . , 100 

ooiVBig for red blood cell percentage, 

(3) R.B.C. % (Hematocrit) = (Sp. Gr. of Whole Blood x 100) - 

(Sp. Gr. of Plasma x 100) 

Sp. Gr of R.B.C. - Sp. Gr. of Plasma 
t IS at once ol)vious tliat for the hematocrit to be determined from etiuation (3), 
t a specific gravity of whole blood, of plasma, and of the red blood cells must 
e Knosni, The latter factor should be a constant, and the former two factors 
s'ould ho readily determinable by the Falling Drop llethod. It is an easy 
Mttcr to ascertain the specific gravity of red l)lood cells from equation (2) 

■ the specific gravity of whole blood, specific gravity of plasma, and hematocrit 
ste known : 


(■5) Sp. Qr. of R.B.C. = (Sp. Gr. of Whole Blood x 100) - 

(Sp. Or. of Plasma x 100 - Hemat ocrit ) 
Hematocrit 

rom a series of 32 blood samples .shown in Tabic I, taken from ten dogs 
'^eted at random from a larger series, it has been possible to determine tlie 
™an specific gravity of red blood cells to be 1.09.53, witli a standard deviation 
(dt Substituting then, 1.0953 in e(|uation (3), it is possible to solve 

cf the liematocrit if the .specific gravity of whole blood and specific gravity of 
(j k'lown. Table I shows that the red blood cell percentage calculated 

(l'f( differs only sliglitly from the actual hematocrit. To facilitate tlie 

liematocrit from the specific gravity of the whole blood 
° plasma, a nomogram, Fig. 1, has been constructed, 
to I ” hematocrit to estimate blood volume clianges, it is necessary 

oti original blood volume by the dye method or to as.sume an 

o 'tal blood volume based on body rveight. Blood volume in dogs has been 
0.0915 of body rveight. The total volume of red blood cells can 
® determined from the hematocrit and the original blood volume; 

.\ss Volume = Blood Volume (0.0915 of Body Wt.) x Hematocrit 

'•""tig this total volume of red blood cells to remain constant, tlie resulting 
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blood volume can then be calculated from the subsequent hematocrits as Mlmvs: 

, 3 , 1 TT 1 Red Blood Cell Volume x 100 

Blood \ok,n.o (2) _ aSteritlS) 

In order to simplify this estimation Fig. 2 represents a nomogram ivhicli 
may be used to determine quickly the blood volume resulting after cliaiige in 
the hematocrit. 

Table I 


Specific Gravity of Eed Blood Cells and Red Blood Cell Percf.ntagf, Calcdlmed Peom 
Specific Gravity op Whole Blood and Pla.siia 


DOG 

NO. 

BLOOD 

sp. cn. 

PLASMA 

SP. GR. 

HEMATO- 

CRIT 

HEMATO- 

CRIT 

CALCU- 

IaATED 

ERROR 

ERROR 

PER 

CENT 

R.B.C/ 
SP. GR. 

REMARKS 

5 

1.0511 

1.0525 

1.0547 

1.0552 

1.0552 

1.0248 

1.0248 

1.0274 
1.0257 

1.0275 

30 

37.5 

39.5 

41 

45 

37 

39 

40 

42 

45.5 

1.0 

1.5 

0.5 

1.0 

0.5 

1 

11 

Leg tmumatized bui 
dog did not go int( 
sliock 

11 

1.0542 

1.0231 

42.5 

43 

0.5 

1.2 

1.0903 

Control dog 

12 

1.0511 

1.0526 

1.0590 

1,0(315 

1.0601 

1.0250 

1.0201 

1.0270 

1.0281 

1.0286 

37 

39 

47 

49 

53.5 

37 

38.3 

47 

49 

55.7 

0 

0.7 

0 

0 

2.2 

0 

l.S 

0 

0 

4.1 

1.0955 

1.0938 

1.0950 

1.09(32 

1.0986 

Leg traumatizeii; nog 
died from fimi’k 

Ua 

1.0479 

1.0004 

1.0234 

1.0253 

34.5 

50 

33 

50 

1.5 

0 

4.3 

0 

1.0944 

1.0955 

Sliock 1))' manipulatw 
of intestines 

1() 

1.0497 

1.0487 

1.0501 

1.05,31 

1.0537 

1.0212 

1.0222 

1.0228 

1.02.35 

1.0239 

39.7 

37 

37.7 

39.7 

42 

38 

36 

38 

41 

42 

1.7 

1.0 

0.3 

1.3 

0 

4.3 

2.5 
0.8 

3.5 

0 

1.0930 

1.0938 

1.0949 

1.09S1 

1.0948 

>Siiock not proauced b 
tj’Runin to intestines 

LS 

1.04.SS 

1.0521 

1.0512 

1.06.35 

1.0215 

1.0221 

1.0225 

1.0252 

34.9 

40.2 

37.7 

53.5 

36.5 

41 

39 

54 

1.0 

O.S 

1.3 

0.5 

4.6 

2.0 

.3.5 

0.9 

1.0940 

1.0907 

1.09SG 

1.09GS 

Dog shocked h) 
to intestines 

17 

1.0470 

1.0531 

1.0181 

1.0200 

37.8 

43.5 

37 

44 

O.S 

0.5 

2.1 

1.1 

1.0945 

1.0903 

Dog died irom 
hntai 

20 

1.0450 

1.0514 

1.0211 

1.0220 

33,5 

39 

32 

40 

1.5 

1.0 

4,5 

2.0 

1.0924 

1.0974 

Sliockeu by .'oj‘", 
chloride intrapOH' 

tnncally . — - 

23 

l.()41.S 

1.0535 

1.058.3 

1.0240 

1.0278 

1.0281 

20.0 

40 

45.S 

24 

38 

45 

2.0 

2.0 

0.8 

9.8 

5.0 

1.7 

1.0910 

1.0920 

1.0940 

Shock oy louriui 
lega 

legs 

20 

1.0519 

1.0507 

1.0729 

1.02.3,3 

1.0205 

1.0311 

42 

40 

07 

39.7 

44 

04 

2.3 

2.0 

3.0 

5.5 
4.3 

4.5 

1.0914 

1.0920 

1.093.3 


♦Mean specific gravity of red blood cells— 1.0953. 
Standard deviation — 0.0020 or 0.20.53 per cent. 


RESULTS _ 

Using the principles indicated above, it is pos.sihle to Pnic 

blood volume changes in a time as short as ten minutes, niost o ^ 
required for a short centrifugation of the blood sample in nation- ^ 

amount of plasma may be obtained for specific gravity ^ of tl 

order to illustrate the manner of application and the ’ 

present metliod, data on six dogs selected from a larger senes • bct'«^ 
Table II. It will be seen from the table tliat there i.s a close con 
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~ I 

1-Sp4ci<lc firavitj cf PImtizl 



(0720 700 oeo £60 £40 620 £00 £30 560 540 


520500 430460 440 420 400 10390 
£pe.cifit Grmiyflf 
Whole blood 


Fig. l^Nomogram for determining hematocrit from specific gravity of wholo blood and 
Plasma. A straight line from the specific gravity of whole blood and plasma cioh^es the middle 
*>ne at the hematocrit level. 



5,'uVt L"' .Sc Jc'cHon of ml blood cell 

^ hematocrits, crosses the blood volume Indicator at the point of resulting blood \olunie. 
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Table II 

Blood VoLUiiE Changes in Experimental Shock as Calculated Fkoii Specific Gravity 

OF Whole Blood and Plasma 


DOG 

NO. 

BLOOD 

SP. GR. 

PLASMA 

SP. GR. 

HEMATO- 

CRIT 

R.B.C. 

% 

CALCU- 

LATED 

BLOOD 

VOLUME 

MAXI- 

MUM 

DEGREASE 

OF BLOOD 
VOLUME 


REirARKS 

12 

Wt. 

9.1 

hg. 

1.0511 

1.0526 

1.0596 

1.0615 

1.0661 

H 

K 

37 

38.3 

47 

49 

55.7 

830* 

800 

660 

635 

560 

270 

273 

stock by traurau to 
legs 

n 

III 

jjg 

38.7 

43 

52 

59 

39 

43.5 

52.5 

60.5 

1140* 

1025 

840 

735 

405 

375 

Shock by trauma to 
intestines 

19 

Wt. 

10 

kg. 

1.0538 

1.0619 

1.0741 

■ 

41 

49 

65 

41.5 

52.5 
68 

915* 

720 

480 

435 

(720- 

250) 

470 

250 C.C. of 25% so- 
dium cbloride iatia- 
peritoneally. 720 
c.c. fluid in perito- 
neum at autopsy 

20 

Wt. 

9.1 

kg. 

II 

11 

33.5 

39 

48.6 
53.9 

32 

40 

50 

55.5 

iEi9i 

^E|n 

355 


225 c.c. of 25% so- 
dium chloride iafra- 
peritoneally. GOO ^ 
c.c. of fluid in pen- 
toneura at autopsy 

21 

Wt. 

12 

kg. 

1.0517 

1.0655 

1.0714 

1.0215 

1.0220 

1.0248 

39 

56 

68 

40 

57.5 

65 

1080* 

755 

670 

410 

(700- 

250) 

450 

250 C.C. ot 20VC 
dium chloride mtra- 
peritoneally. 700 
c.c. in peritoneum at 
autopsy 

25 

Wt. 

7.7 

kg. 

1.0547 

1.0694 

1.0693 

1.0266 

1.0298 

1.0294 

41.2 

61 

60.5 

41 

60 

60 

710* 

490 

490 

220 

230 

Shock by 

to legs for 01 h®“'^ 


♦Blood volume calculated as 0.0915 of body weight. 


the actual hematocrit and the calculated hematocrit. In almost all instaiic 

difference is not gi’eater than the error to be expected in hematociit etc 

» ^ •1 thnt 

tions. Since in shock the degree of capillaiy damage is such 

djms escape irregularly from the circulating blood, it is not possible ° 

the results of this method by the usual dye methods of blood lohime 

tion. Magladery, Solandt, and Best^^ have recently pointed out jjg 

of dye methods for blood volume determination in shock. It MiH; 

noted that there is close agi’eement between the blood volume ^^*^^*^* in 

these hematocrit values and the blood volume decrease expecte to 

is based on the body wci Jn 
bein? 

eight 


on 


the development of shock. This expected decrease is 

of the animals, 3 per cent of body weight or one-third of blood o urn ^ 


expected to be lost when the duration of the experiment is as 
hours.^^ The closest possible check on the method is afforded bj 
toneal injection of 25 per cent sodium chloride solution. Pz esuma 
lost plasma will be in the peritoneal cavity where it maj be measu 
dogs shoira, Nos. 19, 20, and 21, it will be seen that there is acciiL 
in this regard. 
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WSCCSSIOX 

In all circumstances where blood rolume alteration due to increase or de- 
crease of plasma volume occurs, these changes may be simply and accurately 
determined from the specific gra^uty of whole blood and plasma. Intermediately 
the hematocrit is calculated. Naturally, in those conditions where blood volume 
decrease is attended by an appreciable loss of red blood cells, the method will 
be of considerably less value. It should be remembered, however, that in those 
eondifions where there is loss of red blood cells, the dye method will also be 
in error because of dye being lost from the blood stream. It would seem that 
Trherever repeated estimations of blood volume may be accomplished by the 
indirect dye method, the relative blood volume changes may be computed from 
the specific gravity. 

In experimental shock due to mild trauma to extremities, application of 
tourniquets, trauma to intestine, or intrapcritoneal injection of hj-pertonic 
sodium chloride solutions, the method is partieniarly applicable. This is true 
because the los of red blood cells is negligible under these circumstances. 

In human beings the same methods should be applicable for determining 
relative blood volume changes. In a series of determinations of specific gravities 
of human red blood cells somewhat lower values than those for dogs have been 
oMained, The mean specific gravity of human red blood cells was found to be 
1.W13. with a standard deviation of 0.0016. The formula for determUiing the 
rfd blood cell percentage (hematocrit) in man would then be: 
n.—. .. (Sn. Gr. of Whole Blood x IOOj - iSp. Gr. of Pla.sma - KiO 

1.0913 -(Sp. Gr. ofPla -i i; ^ ^ ; 

CJinically, relative blood volume changes calculated from specific gravity of 
tdiole blood and plasma might be expected to be accurate in a great many 
drcuDLstances. In eases of burn, where the decreased blood volume is due en- 
tirely to escape of plasma, the method should be particularly useful- This is 
^5p€cially true since most all cases of bum are seen quickly enouch in hospitals 
a .sample of blood drawn on admission wiU reflect well the total red blood 
volume as calculated from the total blood volume determined from weight, 
sod the red blood cell percentage determined from specific grariK of whole 
blood and of plasma. In the usual case of shock from trauma, operation, and 
anesthesia, intestinal obstruction, marked diarrhea, protracted vomiting, etc., 
as there is no excessive loss of blood, the method slioulcl be suitable, 
blood volume changes temporarily occur from injection of various iso- 
jo.nic and hj-pertonic solutions as well as whole or concentrated plasma, it will 
^ very simple to determine these changes by changes in the specific gravity . 
h should be pointed out that the specific gravity of the red blood cells of 
and of human beings varies not only in different individuals but also in 
same individual at different times. The degree of variation, however, which 
so far been encountered, has not been sufficient to cause an appreciable error 
*be calculations. A subsequent report shaU consider in ^eater detail the 
gravity of human red blood cells and the variation of this property under 
QiSerent circumstances. 
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SUMMARY 

1. The hematocrit, or red blood cell percentage changes reflect accurately 
the plasma volume changes under circumstances where' there is no appreciallc v 
loss of red blood cells. 

2. A new, quick method for determining red blood cell percentage by 
specific gravitj' studies of whole blood and plasma is presented. 

3. Blood volume changes in experimental shock due to mild trauma, intra- 
peritoneal in.iections of hypertonic solutions of sodium chloride, or application .. 
and subsequent release of tourniquets may be accurately followed by thismethd 

4. Clinically the method should prove of value in studying the relative 
volume changes in shock due to trauma, operations and anesthesia, mte.stmal ; 
obstruction, severe diarrhea, and protracted vomiting. The same procei 
should be an accurate guide to fluid therapy in shock and other conditions. 
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LEVULOSUEIA, Study of Two Cases in Brothers, Jacohsen, V. C. Am. J. JI. Sc. 200 j 
304, 1940. 

Two cases are reported of so-eallcd essential leviilo.suria in young Jenish brothers. Tliey 
bring the total on record to 33. Tlic condition appears to be a metabolic anomaly in which 
the organism exhibits a partial or complete inability to conicrt levulose into glycogen This 
seems to be due not to a hepatic deficiency, but to incieased permeability of the kidneys 
by the levulose molecule. Tliis renal hypothesis does not postulate any inherent kidney disease, 
although in one case with paroxysmal liyTiertension there were signs of renal irritation. In 
both cases an approximately equal amount of glucose was excreted, but only at the same 
time that levulose was passing through the kidneys. Normal dextrose and levulose tolerance 
tests were obtained. 

The clinical importance of the condition lies in its eaily lecognition, before the patient 
is subjected to the rigors of a diabetic regimen which may severely handicap the growing 
child. The treatment is reassurance that he does not have diabetes mellitus, and a diet 
without special restrictions. So far as is known, the passage of levulose through tiie kidney s 
causes no harm, although continual observation of these interesting people throughout then 
lives may later alter this dictum in some degree. 

SERUM, Significance of Albuinin*Globulin Ratio of, Melnick, D., Field, H., Jr., and 
Pamall, C. G., Jr. Arch. Iiit. Med. 66: 295, 1940 

The albumin-globulin ratios characteristic of normal and hypoproteinemic seia represent 
the relative amounts of two independent protein systems, which may be separated by salting- 
cut procedures. Dissociation and association phenomena attributed to the scrum protein 
Molecules must occur within these independent systems. Exposing normal and hypopro- 
tcinemic sera to the same environmental factors by dialysis of one against tlie other does 
aot alter the ratio of one protein fraction to another. The influence of incipient denaturation 
cm the salting-out behavior of the scrum protein complex has been studied and serves to 
cvplain the alleged conversion of albumin to globulin reported by others. Urinary protein 
not represent total serum but is derived principally from the albumin fraction. 

The inadequacy of colloid osmotic pressure measurements in vitro and of the deter- 
Mmations of albumin and globulin for predicting the true oncotic pressure in vivo arc 
•scussed in the light of recent physicochemical studies of the serum protein complex. 

Pneumococci, immune Reactions of Gamers and Non-Carriers of Type-Specific, Fin- 
land, M., Brown, J. W., and Barnes, M. W. Am. J. Hyg. 32; 24, 1940. 

Cultural and serologic studies were carried out in a selected group of the personnel 
medical wards of a general hospital m which large numbers of patients with pneu- 
are admitted for treatment. The studies were directed primarily to the isolation and 
''^^ntification of pneumococci and their types and the determination of type-specific pneumo- 

antibodies. 

) efficient method found for detecting pneumococcus carriers consists of inocu- 

^ of the pharynx into suitable culture media, injecting some of the growth 

walv ^ after four to six hours’ incubation into a mouse and then examining the peritoneal 
after sLx to twenty-four hours. 

-tifty-six per cent of the persons studied were found to harbor pneumococci in their 
f arynx on one or more occasions. The percentage of carriers detected was related to the 
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number of times the cultures \vere made. However, those in whom pneumococci were tej 
found in the first culture were less likely to have them in subsequent cultures and, if pnea- 
mococci were acquired, they were more readily lost. The duration of the carrier state varid 
considerably. • 

The finding of pneumococci during this study was apparently unaffected by tlie recent 
presence of acute respiratory infections. 

The distribution of pneumococcus types encountered showed a predominance of sose 
types, such as III, VI, and XIII, which are usually frequent among normal healthy earner; 
Twenty-six different specific types were encountered, and only 1 per cent of the strain? c 
pneumococci failed to react with serums for types I to XXXII. In some instances n, on. 
paEsaoe was necessary before the type could be determined. 

Carriers of pneumococci frequently had, or acquired, _ homologous 
bodies The time of appearance of such antibodies in relation to tie ming ■ 

“Si, SgtiSf «... .... ..i.i.i. «,. ...ib..ii.. b. 

and was not always related to the duration of the earner s a e. 

Some indirect evidence was adduced ,any instances, 

acquired some of their pneumococci from patients " ^ pneumococci from 

however, the findings suggested that the earners acquired the P 

one another. _ , ^ of this study. I''!) 

Four of the patients developed atypica pneu^^^^ 

of these were known to be . (juring l2 illness but none before oi 

in patients with atypical pneumonias may not be et gr 

TIT ti, ri of Staining Within Tissues, Leptotriches j Ij 

Fix fresh tissue in ^^^^^ler’s soluLj o^soluL^ pointed. 

Stain sections in hematoxylin and jsim „f r^hnr.^,^ 

Jlount, examine, and select sec 1 ^,^0 slide an( ^omoved V 


n g placed in 

The solvents now to be usea ar t 

T _ 1 .^ ^Tvimpr.^pd 1 


• salt fclb^-' 


The — ■■ 1 tViPRp In ua?c 1' larCG 

on the section Stirling . J7 minutes. 


and fl-P wiuer S8 e.c.) water.. Wash in sev 

section from the slide into a 


?equH- ““"^"iodine from twenty to sixty 

^ in compound solution of ' 

Iminerte ^ water 100 c.c.). ■ 


vcral change^ 

seconds 1 
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^Vasli in water and transfer to 95 per cent alcohol. Stir the section around until the 
stain begins to come out freely, about five seconds. 

Transfer quickly to trichlorethylene. Stir the section around until the color ceases to 
come out freely, about ten seconds. 

Transfer to oil of thiine one minute, then to 95 per cent alcohol for five seconds and 
again to oil of thyme. Examine on the slide under the low power of the microscope. If 
precipitates are present, or dilTerentiation is insufficient, differentiate furtlier by alternate 
immersions in 95 per cent alcohol and oil of thyme, five seconds each. 

Wash in xylene, tuo changes, and mount in ce<Iar oil on a slide. 

By this method the leptotriches should be deeply stained and easily recognizable when 
occurring, as is usually tlie case, in masses. Isolated leptotriches will probably not be recog- 
nired by inexperienced observers. If no leptotriclie.s are visible, other structures, such as 
fibnn, granules of mast cells, and chromatin, may possibly be mistaken for them by those 
who have never seen these microorganisms. \Vlien leptotriches are present in masses, how- 
ever, their appearance is so characteristic and so different from any otlier structures m tlie 
tissues that they are easily identified. 

PlfETJblONIA, The Sabin Agglutination Test and the Polysaccharide Skin Test (Francis) 

as Indices of Recovery in, pox, W. W., Rosi, R., and Winters, W. L. Am J. if. Rc. 

200; 649, 3940. 

The authors conclude from their observations that the agglutinin test j? a reliable 
index to the development of increased resistance to the pneuraococcu.H in the cour'*p of pneu- 
ooaia. It is sucli a simple tost that it may be readily used as a control for sulfapyridine 
treatment. It rarely becomes positive before the eighth day of the disease; and since in 
complicated cases it is delayed until tlie twelfth to thirteenth day, it i.® particularly impor 
tant that sulfapyridine be continued longer in such case.**. Relapse and late septic complica- 
tions may be prevented if this is done. 

The Francis test is reliable in only 50 per cent of the cases (with the polysaccharide 
solutions Used). The solutions of polysaccharide are available only for the more f-ommon 
types. 

A change from negative to po.<*itive Francis test occurs on an average of two days 
t<fore the agglutinin test becomes strongly positive. \Mien this change is noted, it is 
probably safe to decrease the dosage of sulfapyridine, and to discontinue it two days laf^r. 

As concluded in a previous paper, recovery in pneumonia treated witli sulfapyridine I'e- 
pends on three factors: an adequate early leucocytosis, an adequately maintained sulfu- 
pyridine blood level, and development of active immunity by the patient for the type ..r 
pneumococcus causing ids pneumonia. The agglutinin test is a simple, inexpensive, rai t.l 
roethod foj determining the development of active immunity. 

^OXICATION, Use of the Urine in the Chemical Test for, Haggard, H. W., Greenberg, L. 

A., and Miller, R. p. j. a. M. A. 115: 16S0, 1940. 

_ In the medicolegal diagnosis of intoxication the concentration of alcohol in the blood 

requendj estimated indirectly from that found in the urine. 

I^’nless special precautions are taken, serious errors may occasionally occur, 
idth concentration of alcohol in blood to that of urine varies only slightly 

^ ® specific gravity of the urine; the ratio as determined is 1:1.3. 

of alcohol from the bladder into the blood does not occur to a significant 
of the concentration found in the urine after drinking alcohol. 

^^GKANDIOL EXCRETION, Diagnostic Value of, in Pregnancy Disorders, Cope, C. L. 
il. J. 2: 543, 1940. 

lie is a product of corpus luteum and placental metabolism. Its excretion in 

‘3 relativelj- easily measured in any biochemical laboratory. An attempt has been 
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made to assess the diagnostic value of pregnanediol excretion in abnormal pregnancy. It< 
complete absence is nearly always evidence of serious abnormality, suggesting in early preg- 
nancy the death' of the fetus. The significance of a low pregnanediol excretion still remains 
uncertain. A normal pregnanediol excretion is not evidence that abortion will not occur 
or that the fetus is still alive. Both chronic nephritis and toxemia of pregnancy may inter- 
fere with pregnanediol excretion. Deviations from the normal excretion in these conditions 
do not necessarily mean that the gestation is abnormal. Pregnanediol excretion seems assured 
of a place as a diagnostic aid in obstetric disorders. 

BLOOD COAGULATION, Effect of Nicotinic Acid on, Calder, E. M., and Kerby, G, P. 

Am. J. M. Sc. 200: 590, 1940. 

Clinical experience in a significantly large group of patients with chronic hruccHo.-i- 
revealed that nicotinic acid possesses the property of promoting coagulation of the blood. 
These patients often develop subcutaneous hemorrhages after slight trauma, and their blood 
clots slowly, retraction is imperfect, and the yield of serum is losv. All these defects were 
completely remedied by the administration of nicotinic acid. 

These observations were extended to a small group of patients with other eliniwl 
states associated with bleeding, and the results were uniformly encouraging. Presumably, t 
hemorrhagic tendencies in all these patients rested on a toxic, infectious basis. 

Experimental studies reported show that nicotinic acid does not duplicate ® ^ 

of, nor can it be substituted for, any of the known factors involved in blood 
cium, platelets, thromboplastic principle, prothrombin, or thrombin). 
added in vitro to blood containing excessive amounts of antithrombin (hepanmze 
or samples from dogs in peptone or anaphylactic shock), it does induce 
this effect is not due to nonspecific alteration of hydrogen-ion concentration wns^i 
by contrast of nicotinic acid with seven other acids, none of which wa.s as ac i 
lespect as was nicotinic acid. fiiormou-' 

The quantities of nicotinic acid employed in in vitro experiments ueie 
when compared with tlie doses used clinically, that it is not justifiable to 
mechanism of its effect in patients is necessarily a cliemical neutralization in 

though such an explanation is possible. Certainly, in view of the sma i 
patients, the results cannot be attributed to a nonspecific acid in cftec or, 

logical to conclude that nicotinic acid corrects a fundamental deficiency fornalim' 


bj' some pharmacodynamic action (e.g., stimulation of the li^er), 
either of more protlirombin or of less antithrombin. 

Whatever the mechanism of its action may be, experience 
of nicotinic acid in various hemorrhagic states is warranted. 


indicates tlml 


Addition to SidfaPfjJ^^' 


PNEUMONIA, PNEUMOCOCCIC, Should Serum Be Used in Addi 

Dowling, H. B., Ahemethy, T. J., and Hartman, C. E. .T. A. Jb • 


A series of cases of pneumonia caused by pneumococcus tjpe * 
been alternated for treatment with sulfapyridine alone and with su rccei'-ing 

nntipneumococcus serum. The mortality rate was 12.5 per cent in ^ If 
pyridine alone, and 9.S per cent in the group receiving serum fpjjx'ciivdf- 


,-riiliue I’-' 


I through type 


, alien'- 


type III cases are omitted, the corresponding figures are 9.2 and 4.5 p 
Serum seemed to be particularly valuable as an adjunct to sulLp. 
over 40 years of age. receiving f'"''” 

Crisis occurred more frequently and was more prompt in t le p* 
in addition to sulfapyridine. t'ciif-“ o'en 

It is suggested that serum and sulfapyridine both be ^j^jprvc.scence. 

of age with pneumonia and to those who are in need of a promp 


REVIEWS 


Books and Monographs for Review should be sent direct to the Editor, 
Dr. Warren T. Vaughan, 201 West Franklin Street, Richmond, Va. 


The Methods of Ferment Investigation"^- (Section 1) 

'VEE ilethods of Fermeixt hivestigation is intended to review our present knovlodge of 
1 all ferment methods used in industry, biologj-, and nrcdicJne. The complete >\ork will 
hare about 3,500 pages and will contain 214 different articles wiitten by 131 collaborators 
from various countries throughout the world. The book will be written entirely in German. 
Up to now only the first section of the book has appeared A short introduction given by 
E. Bamann (Tubingen) and K. M 3 Tback (Stockholm). The first subdivision deals with the 
substrates of ester-splitting ferments: subtrates of the llpa^cs by E. Bamann, natural glyce- 
rides by K. H. Bauei (Leipzig), aeetvdcholine by R. Aiamon (Komgsberg), substrates of the 
taimases by 0. T. Schmidt (Heidelberg), chlorophyll by IL Fischer (JIunclien), phosphoric 
acid esters by E. Hackenthal and JI. Kobcl (Berlin), phosphatides hy S. Belfanti, A. ErcoH, 
and AT. Francioli (Milan), phosphoric acid by T. Postemak (Gcnf), and sulfuric acid 
esters by E. Hackenthal and M. Kobcl. The second subdivision discusses the carbohydrates and 
glycosides: sugar by E. L. Hirst (Bristol) and S. Peat (Birmingham), isolation of natinal 
iieterosides by J. Rabate (Paris), synthetic glycosides by H. El.^ner (Berlin), and thioglyco- 
sides by F. Wrede (Berlin). 

Despite the obvious fact that most of the authors tried to condense tiieir material as far 
as possible, nearly all articles are written latlier clearly and contain an enoimous amount ot 
useful literature references. For the moment, it is a disadvantage that all these references, 
"hich are cited only by- name and number in the Indi'idual articles, arc combined into one 
bibliography which will be published as the la.st section of the whole work. 

— Enist Fincher. 


The Methods of Ferment Investigationf (Sections 2, 3, 4) 

'FHE three recently published sections of the '‘Method.'^ of Enzyme Investigations ’ contain 
niore than 60 different articles by a large number of colluboratois from vaiious countries, 
fbe subdivision about carbohydrates and glycosides, started in the fust section, is continued 
by articles by A. Purr (Prag) about glycolysis and starch, by H. ELner (Berlin) and 
<^0 workers about galactogen, fructosans, and chitin. Glucosans and zytans, ascoibic acid, and 
related substances are discussed by E*. L. Hirt (Bristol) and S. Peat (Birmingham), poly- 
uronides by H. Bock (Karlsruhe), chondroitin sulfuric acid bj' T. Koda (Tokyo), the phos- 
Pborus-free derivatives of the carbohydrates by H. K. Bairenscheen and J. Puny (Wien), and 
® phosphorus-containing derivatives bv B. Robinson and JI. G. Macfurlane (London). The 
Subdivision is formed bj' a lengthy contribution of W. Klein (Freiburg) about the nucleic 
^cids and their derivatives and by- .some shorter chapters about the protem.s and their deriva* 
‘^fsby A. Schaffner (Prag), E. Abderhaldcn (Halle), and F. Leuthard (Zurich). The amides 
^^6 discussed in an especially interesting article by C. G. Holniberg (Lund), the thiols and 
'^ulfides by T. Bersin (Marburg), and finally the iiucleoproteina, lipoproteins, and glyco- 
foteina by St. J. y. Przj-leeki (Warsaw-). 

pie third section is mainly devoted to the description of the modern methods in enzyme 
|“|estiptions. K. Felix (Frankfurt) describes the use of enzymatic investigation for the 
l^^e^ation of the chemical structure of substances of high molecular weight, while T. W. 


der Fermentfor-schuns. 
*'1.0, Section 1 with ■I7i> nncres and 2 


Fditcti by ISupen Bamann. _ JI.D . and Karl 

-• Sectlon~i*v,-rth 172*paces and'2 figures. Geor^ Thieme, Leipzig-, 1910. 

der Fermentforschunff. Edited by Eugen Bamann. ji.D, and Karl 

’cHvP' Section 2 with 303 page.*? and 6 flgurei*. Section 3 .with 392 pages and .i9 

Section 4 with 407 pages and 177 figures. Georg Thieme. Leipzig, 1940. 
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Astbury (Leeds) and J. C. Derksen (Eindhoven) contributes three excellent chapters atout 
x-ray spectrograpMc methods and their results. G. Kortiim and M. Kortiim-Seiler (Tubingen) 
discuss absorption, spectrum, Baman spectrum, and fluorescence. Heyrovsky’s polarograpiiic 
methods for electrical potentials are described by R. BrdiCka (Prag), the magnetic metfiods 
by E. Muller (Jena), determination of viscosity by S. Mohr (Freiburg), and the ultracentrifugo 
and diffusion methods by 0. Lamm (Uppsala). Short chapters about llieleetric, kryoscopic, 
and osmotic methods for molecular weight determination are contributed hy S. -Arflicniu-^ 
(Uppsala), P. Kruger (Berlin), and G. V. Schulz (Freiburg). L. Kofler (Innsbruck) deJcrihe-i 
mierodetermination of the smelting point and sublimation methods. 

The rest of the third section and the whole fourth section deals with the enzymatic reac- 
tions themselves. E. Brunius (Stockholm) describes the various nomographic methods, M. 
Steiner (Gottingen) the maintenance and testing of suitable conditions for enzymatic icac- 
tions, and J. Lehman (Goteburg) tlie redox potential. “The calculation of the free cnerg.' 
of biochemical reaction ’ ’ by W, Franke (Miinehen) is well written and instructive. Tlio 
various physical and physico-chemical methods are summarized in several .short chapters hy 
L. Heilmeyer (Jena), B. J. Krijgsraan (Utrecht), P. Wulff (Frankfurt), P. Kruger (Berlin), 
and by K. Linderstrpm-Lang and H. Holter (Kppenhavn), while the nianometnc mctliods arc 
treated in a longer chapter by F. Dickens (Newcastle) . The next subdivision is devoted strict } 
to chemical methods, especially micro-analytic methods : alcohols, aldehydes, and acids h) . . 
Steiner and O. Glemser (Gottingen); carbohydrates by H. K. Barrenscheen and J. am 
(Wien); colorimetric determination of carbohydrates by G. Haugard (Kdpenha'n); panM 
bases by J. E. Jorpes (Stockholm) ; titration of the carboxyl and of tlie amino •' 

W. Grassmann and P. Stadler (Dresden), and the volumetric and manometric 
of amino acids by the same authors. A short resumd of the more biological met iocs is 
by E. Werle (Diisseldorf ) , while K. Linderstrflm-Lang and H. Holter (K^lpenliavn) iscu.- 
very carefully' the new histochemical methods. The last part of the fourth ' 

the first ciiapters of the subdivision dealing with the isolation and testing of various em ^ 
The general methods for preparation of enzyme-containing solutions are wn ten ^ • 

Kraut and A. Weischer (Dortmund), the special metliods for enzymes o ® ' 

B. J. Ktijgsman (Utrecht), and those of bacteria by H. C. Werkman and . • » 

Iowa), up to now the only American co-workers. Methods for the jnJ 

preparations by evaporation are summarized by L. A^ogel and P. Laverenz L * 
separation methods by means of freezing are described by J. Hartmann (i 
two final chapters are very interesting reports by' H. M. Karstrbm (He sm ’i) 
as material for enzymatic investigations. . , Cons’’ contain 

AATthout doubt, these three sections of the “methods of enzyme jt i; 

an enormous amount of useful material for investigation in this and rc a e i to 

regrettable that due to the war conditions, some of the non-German authors origi®'' 

read the proofs, since otherwise some apparent errors due to the trans ation o 
articles would have been eliminated. ' . r. , v.-erher 


D 


Bacteriology of Public Health- laboratory 

IPFERING from other bacteriology books in that it does not inc benhk v'C'r' 
methods, this text presents facts of pathologic bacteriology from 
point. Tills has the effect of permitting the student to become onente is dealt 

by too much unnecessary information; it does not, however, rne.m la gaiefuUy weeJia? 
with in a superficial manner. Indeed, the autlior is to be commenc e of dircr-'f 

out that wiiich is extraneous. Tlie emphasis througliout is on t ic j-evieff. 

rather than on bacteria which incidentally cause disease. Follonmg •' 


on? 


and 


finds chapters on drinking water and disease, on food idio.syncrasies, diicau'-'- 


somng. 

infections, and then a chapter devoted to eacli of the bacterial, 'irii., .i 1 
The book, which is well written, includes a good bibliograpliy an m Prof.-^or 

•The Bacteriology of Public Health. By George AF 
Of BacteHolo^’, University of Tennessee. jUustratea. •IdI • 

SL Louis, 1940. 
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HEPARIN 


John H. Ferguson, JI.D., and A. J. Gi.azko, Ph.D., Ann Arror, Jticii. 


NATURE AND ORK5IN 


discovery of heparin resulted from i* »■ finding of McLean^ (1916), a 
^ pupil of Howell, that certain impure heai% and liver phosphatides were 
inliibitory to blood coagulation. As the result of extensive investigations under the 

direction of HowelP (Johns Hopkins, Baltimore. 1916 ), Best-* (Connaught 

Laboratories, Toronto, 1933 ), Pisclicr^ (Carlsiierg Foundation, Copenhagen, 

1931- — -), Jorpes® (Carolinian Institute, Stockholm. 1935 ), the heparins 

have been separated from the i)hospholipids and idem ified as substituted polysac- 
diarides belonging to the class of mucoitin-polysxilfuric esters. The loiomi molee- 
iilar building stones are (1) hexuronic ( ? glyciironic acid): (2) glucosamine, 
'rhieli is characteristic of the mucotins, just as galactosaminc is typical of the 
cliondroitins; (3) acetic acid (linked to the amino-N. in conformity with the rule 
that all amino sugars in nature are monoacetylated) (Purth and others, 1934) ; 
(4) several sulfuric acids (ester-linked to the hydroxyls of the liexuronie acid 
hexosamine, or both). jMany variations and fractionations are possible and 
Purified natural products, ineliiding crystalline salts, differ in chemical details 
^ud in anticoagulant potency. According to the Toronto workers, tlierc is a 
surprising similarity of the crystallization process for the various barium salts, 
and the varying potency does* not parallel the sulfur content, as suggested by 
6 Stockholm School. The simplest and most practical assay (Howell) defines 
u unit” of heparin as the amount required to keep 1 c.e. of cat blood fluid for 
'^^'dy-four liours at 0° C. The Toronto standard beef-lung heparin of Charles 
Scott represents about 100 units per milligram. Potency and purity arc not 
iogethev sjmonjTnous when it comes to the question of toxic reactions. 

. tissues yield some heparin, but liver and lungs are tlic liest sources 

majority of species. Holmgren and AVilandcr'* believe the origin to l)c in 
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the metachroraatic gramiles, stainable with toluidine blue in the Ehrlieh masl 
cells (tissue basopliiles), which commonly cluster around the blood vessels in 
the tissues which are richest in heparin. The granules are depleted in pcploiic 
shock. The Toronto workers liave also demonstrated a rise in blood hepnrm 
during serum anaphylaxis in dog experiments, and this rise, together with the 
associated incoagulability of the blood (but not tbe shock), could be prevented 
by excision of the liver, thus proving that the heparin comes from liver reserves. 


BLOOD-CLOTTING MECHANISilS 

Our experimentation® (1934 ) in the field of hlood coagulation has led to 

the following conclusions as to the mechanisms involved: The fihrin of the 
clot is formed from the plasma protein, fibrinogen, through the agenev of a 
coagulant, thrombin. The thrombin is first formed from an inactive preemsor, 
pi'othi'ombin, which is also associated with the plasma globulins. Wlietlicr or 
not thrombin is an enzyme (fibrinogen denaturase, AYolilisch,' Fischer*} and 
prothrombin its zymogen (mother substance) is still unsettled. The coagulant 
is either a protein or very intimately associated with proteins throughout 
various phases of their colloidal behavior. Among enzyme analogies 
maj’' be mentioned the papainases. We have found a cnjsiaUinc papain, 'lu ) 
supplied by Dr. A. Iv. Balls, of the U. S. Department of Agricnltnve, cot ^ 
a prothrombin-free fibrinogen in twelve seconds, with lysis of the c o a e' 
minutes later. 

The conversion, of prothrombin to thrombin requires certain acthatore, 
chief one (we believe) being throviboplnstic enzyme, a 
of aqueous tissue extracts, which is also present, to some extent, in ct ’C c 
plasma and prothrombin made fi'om it. Ionized calcium salts an ^ 
eepbaliii are essential eofactors. Miicli of our work lias dealt ufib t lesc 
plastic agents. . . 

The clotting reactions, especially in their time relations, aic sens! 
physical conditions, including dilution, temperature, pH, salt 
ting” (lowering of surface tension), and other factors 
stability. Specific inhibitors may be classified as (1) 
if they interfere with the first phase (conversion of prothrombm to i 
and (2) antithrombic if they affect the thrombin-fibrinogen inteiac lo 
phase). “Immediate” antithrombins evince their full dcgiec o m 
once. “Progressive” antithrombins, on the other hand, ^ 

a progressive manner, to which the term ‘Hhrombinolysis 


throailiia n 
" is applical'Ic, if J' 


is dcmonsti'ably an enzymatic process. It is not conv incing ) jn- 

proteolytie phenomena in Ifiood coagulation result in <] Hiiaar 

crease (as in ordinary protein digestion). Probably tieve '(.onqik.m’- 
degradation and perhaps rearrangement of tbe ery-duff'"'’ 

The overt proteolytic enzyme, trypsin (e.g., Northrop an plastic), 

preparation) shows three actioms, viz., (a) {filiriiiol''*"''' 

thrombin-destroying (thromhinoly*tic), and (c) fibrin- (crude 

We 


irabin-destroymg (thrombniolyuic;, anu (vj extracts (ci'U"' 

have demonstrated parallel phenomena with aqueous . npj.kffe!<ifd 

' shown nJiii 


thromboplastins) and the first two, at least, can be 


(i.e., cell- and platelet-free) plasma and senim 


and with the nsnal p: 


,.fl)))roni!uu 
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preparations. Clot retraction is absent or defective, and fibrinolysis is not seen 
in tliroml)oplastin-poor plasmas and thrombins. 


5IODES OF ACTION OF HEPARIN 


We have shown that heparin can inhibit the tryptic digestion of casein.® 
It aho retards the thrombin-destroyin" action of trypsin and of sernm.® In 
this, of course, it is antagonistic to pmgi'cssivo antithrombin, but the amounts 
of heparin needed are too large to con\ince us that this is more than a matter 
of theoretical interest. 


In systems of purified clotting agents, heparin is practically devoid of 
antithi-ombie action, but the addition of a little plasma or scrum results in the 
prompt appearance of a strong inhibition.’® Heparin plus a plasma eofactor 
(Iloweirs proantitiu'ombiii), therefore, fonns an ''immediate” antithrombin,” 
the actions of which are very similar to those of other immediate antithrombins, 
e.g., ferrocyanidos (poljwalcnt anions). The plasma cofactor has not yet been 
defined, hut we have definitely ruled out crystalline serum albumin.’® 

We have confirmed’* another important action of beparm. namely, the anti- 
prothvombie {Howell and Holt, 1918). Several recent authors deny the first 
phase action of heparin or postulate an essential cofactov on insufficient experi> 
mental grounds. The difficulty is due to their use of strong tissue thrombo- 
plastins which obscure the heparin effect. Our experiments’® clearly show that 
heparin has two distinct action.s in the first phase of clotting. First, it retards 
the rate of prothrombin convci'sion to an extent which is inversely proportional 
to the amount of thromboplastin present. This fits in with thromboplastin 
studies’* and with the inhibitory effect of heparin on trypsin.® It is concluded 
that heparin inhibits the cnzj'mc factor in the tlivomboplastin and, if there is 
^ small enough amount of enzjune, its prothrombin-activating function will be 
sW in consequenee. Given an abundance of the thromboplastic onzj'me, the 
fttardation by heparin null be missed if it is not loohed for in the firet few 
Minutes. Secondly, there is an effect on the amoiuit {effectiveness) of the 
thrombin formed. This requires even more carefully chosen experimental con- 
'itionsfor its demonstration. With a strong prothrombin and small amounts 
heparin, the alteration in final potency (thrombic) is negligible. But if tlie 
prothrombin is weak enough, an appreciable fraction is rendered ineffective and 
irscan readily be demonstrated by suitable tests. Our recent fully-controlled 
‘"'ts dc-monstrate a firet phase cofactor in crude pla.sma “albumin.”’® 


A common basis for all heparin actions is suggested by Fischer’s’® (1931) 
^trvation that it combines with proteins (and protamines, Chargaff’*’), thus 
' their electrochemical and colloidal propei-ties. Depending on the iso- 
^ *10 points, this may apply alike to eiizjTnc and .substrate. 


PRACTICAL APPLICATIONS OF HEPARIN 

^ Clinical use.s have increased with improvements in purification and con- 
of toxicity of lieparin preparations. Howell tried out his 
in 1928 to 1930 and found them noniujurious to human 
tapr''^ ond otliers, howevex*, had vei*y poor results with the eom- 

preparations. In 1935 to 1936 the Stockliolm group® (Skold; Hedenius 
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and Wilander) used the purified preparations of Jorpes and Bergstrom miti 
no untoAvard effects, and they hai’e continued to recommend lieparin for lran>u 
fusion and thromliosis prevention. The Toronto groups had l)con trying tlieir 
numerous px’eparations on animals .since 1932, and in 1937 jHiirray, Jaqucs, 
Perrett, and Best’* advocated the Charles and Scott product for human use in 
the prevention of thrombosis of veins following injury. 


As with insulin, the purified drug is expensive, hut it is now available from 
the Connaught Laboratories in reasonably priced 10 c.c. sterile ampoules, con- 
taining a stable saline solution, assaying 1,000 units per cubic centimeter. 
Orally, it is not effective. Subcutaneous^, the action is prolonged (usually fwc 
to eight hours), but is uncertain in degree and there is danger of Weeding at 
the injection site. The route of choice, therefore, is the intravenous, uitb all 
the usual precautions. This is safe and the anticoagulant effect is optimal but 
somewhat transient (ai’eraging sixty to ninety minutes). Bepeated injeelions 
are less reliable and more uneconomical than the contimious iniiavcnous (jip. 
but even with this, there is likely to be much variation as to fiie effective dosage.- 
The Toronto workers* have identified a heparinase which is said to le res] 
sible for these variations. About 10 per cent is lost in the uiine. t is les 

keep the coagulation time at fifteen to tiyenty minutes mnhU 

minutes), and the heparinization must never be started nnti a tei ic c 
arrest of all hemorrhage. Postoperatively, the Toronto group 
to twenty-four hours, but the Scandinavians' are somew lat 
(two to three hours; Crafoord). The duration of treatment imis , ^ 

by experience, but is commonly one to two days. The onset o " pjiH, 

any degree) and of undue edema in cases with an ),ut, is 

for discontinuance of the treatment. Heparin does ™ «„tTintinalion 

much by the preservation of the platelets and lessening o thrombi 

as by its anticoagulant effects, it minimizes tlirombus I'lnoer of cxU'i'- 

do occur, they absorb more readily and completely, imti css c n 
nf pmhnlifsiin Tiio m'otaTiiinc, sdlvwiG-sulfK^ OGU j ^ 


sion and of embolism. The protamine, sahnmc-sulfu) 
anta«'onist to heparin both in vitro and in vivo. J- -d * fr foreigii protein 
and the protamine in excess is itself an anticoagulant. eiUn ■ 

(split product), tlicre is danger of allei’gy', but it conic m ne 
dangerous hemorrhage in a heparinized patient. 

preveniion of 

Vision ha.s been rcrio.e<l . 


Tlie main field of clinical usefulness is in 
lessening the dangers of embolism (hinrray’*). 


some cases of thrombosis of the central retinal vein, A\hich, ppripber''’' 

almost certain blindne.ss (Ilobnin and Ploman-’). ^ "iIjp of Imp!”"'” 

vessel, coronary, and cerebral thrombosis, there arc lepoi ^ ° inferc.stc<l in 
in endocarditis" and in malaria.”* The surgeon is ^.jgptic regime in 

use in ti'anmatie and po.stopcrativc thrombosis. T ic pjioioe 

tliese conditions lias already been dealt with, but t le nc 
suitable cases may be re'emplia.sized. ^ inchidin? I*”**’ 

Heparin is said to have revolutionized prospect of pemnainnt 

anastomoses and operative removal of clots.’' i-csidts have 

patency of the sutured vessels is greatly increase • \ ^ 

reported in lessening the i-epetition of embolism m p 
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Being poorly absorl)Ccl tlirong:li serous nicinbranos, licparin is suggested for 
use in the prevention of adhesions* in serous cavities, Basic experimental work 
in this regard was performed in 1035 by IMiki and Satani^^ (Kioto) on rabbits. 
The exposed omentum was scarified with dry gauze, and the abdominal cavity 
was filled with ordinary commercial heparin l)cfore closure. The results were 
gratifying. Lehman and Boys*'' (Charlottesville, Va., 1940) have confirmed 
these c.xperiments and extended them to include animals (rabl)its and dogs) in 
which sepsis was produced by cutting off the tip of the appendix. Forty per 
cent of these dogs died from peritonitis and 11 per cent had local abscc.sses. 
In 30 animals which bad healed in six weeks, (lie adlicsions were counted and 
dissected, and hemostasis was secured. In addition to controls, three types of 
solution were tried in the abdominal cavity. Saline gave poorest results on re- 
e.xamination two weeks later. Ascitic fluid wa.s little better than the controls. 
A definite le.ssening in the rceiirrcneo of adhesions was noted wlicn the Toronto 
heparin was used. In 1936 AYiderstrom and Wilander'' (Stockholm) liad shown 
excellent results with Jorpes’ heparin in the prevention of pleural adhesions in 
rabbits after thoracoparaccntc.sis and injection of iodine. 

Heparin is also advocated for Ifaas’ exchange imnsfusion (blood washing) 
in uremias,® especially reflex anurias, where the object is to dialyze off the non- 
protein nitrogen retention product.s from the blood The older methods had 
an aiia.stomosing loop of collodion tubing immersed in warm Ringer-Locko’s 
I solution. Later techniques called for the dialysis of successive amounts of blood, 
fieparinized in vitro, with .subsequent reinjection. 

regard to its u.se in ordinary tran.sfusions/' heparin ranks somewhere 
between the citrate and whole blood mclhods.**' It is more costly, and there is 
some danger of incomplete inhibition of coagulation. Heparin is not a good 
i preservative for stored blood. There is little, if any, effect on the recipient’s 
'loodas the heparin is quickly diluted down and soon inactivatofl by lieparinase. 
It Is .said to be safe even when there has been severe hemorrhage Cl)leGding 
for instance). 

Another method is to hei»arinize the donor (Ilcdoniiis, 1936) with 1 mg. 

( heparin (100 units) per kilogram intravenously.® Ko untoward reactions 
I *^'’^pcrienced by donor or reeii)icnt. The donor must not risk injury for a 
i houns. It is easier to get suflicient blood xvithout intci-fcrence due fo 

[ Clotting in the vein. The tcclinique may be simplified. Indeed, in emergencies, 
j whole procedure mav be carried out ontirciv hv means of a few sterile 
I Yfingos. 

f ^ hlood preservative for Inochemieal and other purposes, heparin ha.s 
j ^^ntage.s and disadvantages. It is anficomplementary. Alany of its appli- 
f f^till in the cxi)erimental stage and the .scope of its clinical useful- 

\ cw IS especially a problem for tlic future to decide. 


t Mrl, 
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CLINICAL AND EXPERIMENTAL 


EXPERIMENTAL STUDIES IN CARDIOVASCULAR PATHOLOGY* 


II. Pathologic Lesioa’S ia- O/igans of Cats, Ghi.ve.i Pius, and Pnoc.s 
PnoDucED BY Digitalis Poiso.vi.vg 


IV. C. Hueoee, JI.D., and C. T. Iciiniow'.ski, Pii.D., New York, N. V. 


n ECENT investigations of IVcesc and Diocfclioff' on the one Jiand, and of 
I A Biichner- as well as Bauer and Fromhcrz“ on the other hand, have again 
raised the controversial question as to wlietlier the toxic effects exerted by 
digitalis glycosides upon the functional activity of the iieart muscle are caused 
by the storage and cumulation of these snli-stanccs in these elements, as con- 
tended by Hafelier,* or wiiethcr they arc the result of myocardial lesions directly 
or indirectly produced by these gl.veosides and tims represent, after repeated 
administration of digitalis preparations, manifestations elicited by the super- 
imposition of sneoessivo anatomic myocardial lesions produced by the individual 
dosos of the digitalis gl.ycosides administered TIic conception of an additive 
anatomic effect as the cause of toxic symptoms from repeated digitalization is 
based upon the demonstration of hemorrhagic, degenerative, and necrotic myo- 
rardial lesions in the iiearts of dogs, cats, rabbits, and frogs following the in- 
troduction of subletlial and lethal doses of various digitalis preparations 
(beiritzkiA Biichner Baiicr and Reindel;” Hu. Lien, and Li;’ Korth and 
Spang;* and Lindner)”. 

It is evident that a ciarificafion of the action mechanism of digitalis 
sl' resides, particularly in ‘‘cumulative” respects, is of utmost clinical im- 
portance since these drugs are used frequently over prolonged periods, until 
toxic s.vmptoms become apparent. The clinical and pharmacologic observations 
raunot be oorrelated satisfactorily with the pathologic data available on this sub- 
joct because the patliologic studies have been restricted to the heart. Tiiis organ 
"os found to be without any myocardial lesions in some animals dying from sub- 
ori'te digitalis poisoning, and e.xbihiicd severe anatomic changes in other animals. 

Mperimental reinvestigation of the pharniaeo-pathologic interrelations of 
Wtalis poisoning appeared to be indicated wherein special emphasis was to be 
Heed upon a detailed pathologic study of all internal organs. 

EXl’ERIMENTAI. 

digitalis preparation, representing tlic total activity of the 
intr' c-xperiments. Guinea pigs and cats received tiie drug by 

bin ii'jeetiou, avliile frogs were subjected to administrations into tlic 

sac. siiidy coiisisled of three sets of experiments. Eiglif guinea 

U'cpK i*'” Warner Institute for Therapeutic Re.senrcli, A’erv York. 

*u for publication. June 3. 1940. 
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pigs were injected willi a single lethal dose of the digitalis preparation. Sixteen 
cats received intramuscular injections of one-fifth (10 eats) to one-tenth (6 eats) 
of the single lethal dose daily until death. Tliirty -three frogs were injected daily 
with the solution of the purified digitalis preparation. The daily amount ad- 
ministered to the frogs was enuivalent to one-tenth of the 50 per cent mortality 
dose for the first t wenty-eight days of the e.\periment and was then increased to 
one-fifth of the dose for the following five days, after which the treatment ivas 
discontinued for the surviving 22 animals. 


Series I. Sinfih Lcilml Bosc.—lwo of the S guinea pigs died within one 
to two days after the injection of the lethal dose of the digitalis preparation; 

4 died after three to four days; 2 after six to ten days. Post-mortem findings. 
The limgs were congested and edematous, containing .scattered hemoiihagic 
areas. The left ventricle was firmly contracted, appearing occasional!.' paler 
than the excessively dilated right ventricle. The .subepicardial xessels "Oie 
markedly hyperemie. The suiirarcnals were enlarged and congested an con 
tained medullary hemorrhages in 3 animals. The internal organs, especia ' e 
liver, mesentery, intestine, and meninges, exhibited congested blood lesse 
Ilistolofjij. — Heart: No myoeartlial abnormalities were found in the head 
of the 2 guinea pigs which died within the fii'st forty-eight hours. One o e^^ 
however, showed several small subendocardial hemorrhages. The heai s o 
the 4 animals dying within forty-eight to ninety-six horn’s weie lee 
generative myocardial lesions. Small leucocytic foci were 
cardium of the fourth animal, in which also a few scattered me 
muscle cells were observed. Extensive and multiple areas of nauic 
tion and necrosis often a.s.soeiated with leucocytic infiltratioim were 
the hearts of the 2 guinea pigs which died six to ten days a ter ^ . 
Several necrotic foci showed calcium incrustations. There ueie si^^ 
hemorrhages in both animals and subendocardial hemonhages in o 
Litiig: Venous congestion, pulmonary edema, and intraa'C 
rhages were present in all animals. . pgrp 

Liver: Congestion of the hepatic vessels was large 

central zones, where hcmorrliages were found occasiona y - - for ten 

hyaline necroses existed in the liver of the guinea pig " * 

days. . edema 

Sniyrarcnal Glands: In addition to the marked j^eduHa m 

present in every case, there existed a hemorrhagic destiuction o 
the suprarenal glands of 3 guinea pigs. . -tijeliaai was 

Testes:- A moderate degeneration of the spermatogeuic 1 
found in 3 animals. flay was 

Brain: Only^ the brain of the guinea pig which died on and the 

studied. The meningeal and cerebral vessels were congeste pfjserved in 1^® 
cerebral parenchyma was edematous. Small hemorrhages ^ disintegi'^’^' 

region of the floor of the fourth ventricle, where also ' 

ing swollen ganglion cells -were noted scattered in sexeia cen of 

The other organs were normal Avith the exception of 
hyperemia. 
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Series II. liepcnfcd Svhlctlml Doses. — Sympiomatic Ohservations: The 
cats rcacfcil after the first injection of the digitalis jilyeosidcs with increased 
salivation, nausea, emesis, and signs of general discomfort, rarely assuming the 
degree of retching movements or marked general distress. These .symptoms dis- 
appeared in general within the firet twenty-four hours, when loss of appetite, 
drowsiness, and apathy set in and continued in most animals until death oc- 
curred. New attacks of vomiting, accompanied sometimes by diarrhea, were 
seen, however, in a few cats following repeated injections. Spastic convulsions 
did not occur. It was noted that the heart action became progressively rapid 
and irregular during the course of the experiment, so that a "racing heart” 
and signs of heart block existed in most animals for some time before death. Of 
the 6 eats which received daily one-tenth of the single lethal dose, one died after 
four injections, one after seven injections, and 4 after ten to twelve injections. 
Of the 10 eats composing the group receiving daily one-fifth of the single lethal 
dose, 6 died after three to five injections, 3 survived six to eight injections, and 
one died .after fifteen injections. 


Pathologic OJiscn'Otions. — The post-mortem examinations showed that the 
hearts had a hard and firmly contracted left ventricle, while the right side of 
the heart, and especially the right auricle, were dilated. The subepicardial veins 
were engorged, whcrea.s the coronary epicardial arteries were collapsed and 
appeared as white strands between the swollen and projecting accompanying 
yim. Small dark red hemorrhagic areas in the subeiiicardial tissue were found 
m one heart near the circular sulcus. A serohemorrhagic pericardial fluid was 
observed in 3 eats. The lungs were congested and sometimes contained small 
stattered hemorrhagic areas. The other internal organs were without any ap- 
preciable pathologic changes. The meningeal vessels were hyperemic. 


Histology. — Heart: Jlarkcd pathologic changes were present in the left 
'cntriciilar wall, the interventricular septum, and especially in the papillary 
oiiBcle of the left ventricle of the hearts of the 5 eats which died three to 
ji'a days after the start of the experiment. The le.sions were located mainly 
"1 the subendocardial region and near the apex. The right ventricular wall as 
Well a.s the walls of the auricles exhibited only occasionally myocardial changes, 
here were areas composed of swollen and hydropic muscle cells revealing a 
rarefaction of the sarcous content (Fig. 1). In other parts there was a more 
or less marked intcivstitial edema, proliferation of histiocytes and of fibroblasts 
present replacing degenerated muscle cells. Jlultiplc foci contained fragmented, 
partly hyalinized or rarefied muscle cells showing not infreeiucutly a tortuous 
■ 'ape or having cross hands of sarcous gi-anular densifications (contraction 
2). Scattered calcifications were found in smaller lesions of coagula- 
"ecrosis. Hemorrhagic lesions containing muscular fragments in a state 
granular or lytic disintegration and infiltrated with leucocytes and lympho- 
repeatedly seen in the subendocardial zone (Fig. 3). There was an 
several medium-sized arterioles (Fig. 4). The sub- 
vein rnyoeardial coronai’y arteries were firmly contracted, while the 

j '' '^cre dilated and engorged. Capillaries located within the degenerated and 
0 ic areas sometimes showed swollen and thickened walls lined with a pro- 
"'"hted endothelium. 
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In contrast to these very extensive and severe myoeavdial lesions prosaU 
in these 5 cats, tlie tissues exhibited only minor changes in 2 additional cats 
dying after three to five in;ieetions. Similarly, tliere were only marked hemov- 
rlnigic, degenerative, and necrotic tissue reactions found in the hearts of 2 of the 



Pig. 1. — Hyclroi>lc mid swollen niyocardinl cells with rni’cfactlon of the saicows m 
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9 eats wliicli died after six to fifteen injections, while the hearts of tlic otiicr 
7 animals oxhibilcd only scanty and mild degenerative lesions. Numerous small 
fibroblastic scars, in addition to extensive regressive and inflammatory myo- 
cardial lesions, were observed in the heart of the eat which died after fifteen 
injections. 

(ilycogen stains of the heart sections made with the Be.st's carmine method 
wcj-e negative in four instances and .showed mere traces in a fifth ca.se. 

Lung: The veins wore markedly engorged, the arteries wore collaixscd, and 
the pulmonary parenchyma showed intra-id veolar edema and scattered hemor- 
rhages. 
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Fig, 5. — Degi-nor.atoil ganglion colls and nciironophagia in a center 

fourtli ventricle. 

Liver: In addition to marked, especially ])ericentral ’ l,y jn 

existed interstitial edema and hemorrhages accompanied by hepatic a t 
several cases. Glycogen stains were negative. 


The other internal organs (kidney, spleen, suprarenals, pancre , 


lymph 


leriis, etc.) showed varymi? 


nodes, intestine, stomach, ovary, bone marrow, uterus, 
degrees of congestion. 

Brain: There rvere degenerative glial and ganglionic cellulai 
ent in the majority of eats. These lc.sions were remarkable, The 

of the cats which died with minor myocardial '^'^S'CRcrativc mam^es 

lesions eon.si.sted of vacuolization and disintegration of indivR Rf* ji, 

located in the centers of the ba.sal region and in the brain 
two instances smaller glial cell infiltrations were foiinc in pf {he 

(Fig. 6), while markedly engorged capillaries with focal egen 
nervous substance were seen occasionally (Fig. 7). 
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Series III. Prolonged Repeuted Jiijcctinns . — Five frogs lived for four to 
six days, 4 for ten to twenty days, 2 for twenty-nine to thirty-one days, 16 for 
forty to forty-three days, and 6 for seventy to seventy-live days All frogs which 
sun'ived for more than forty-two days were killed. The hearts of the majority 
of the flogs which died spontaneously showed a firmly contracted grayish red 





Flff. 0.— -Glunl focus in the corebolUmi. 



'• Congested capillaries surrounding a focus of degenerated nervous substance. 
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to pale yellowish-gray ventricle, Avhicli seemed to be attached like a small nodule 
to the markedly distended and engorged auricle. The hmg.s of these animals 
were often congested. Tlic stomach Avas distended and contained a thick jellylike 
grayish Avhite matter. The organs of the animals Avhich Avere .sacrificed after 
the arrest of the treatment exhibited normal organs. 



Fig. 8. — Contraction bands in the heart of a frog. 

Histology. — Heart; The most characteristic and frequent, 
means constant abnormality found in the hearts of the frogs which le 
treatment was a marked swelling and liydi’opic condition of the 
the ventricle. Contraction hands consisting of hyaline, granular mateiia , 
was indistinctly demarcated from the adjacent hydropic sarcous con gj 
cells, Avere running crossAvisc to the longitudinal axis of muscle bun es 
Because of the firm contraction of the Amiitricle very little bloo aao^^ 
in betAveen the nonvaseularized muscular trabeculae composing tie a\c 
frog heart. There Avere no degenerative lesions. 

The liver and kidney Avere congested and often edematous. 

The internal organs of the frogs killed after cessatioi 
Avere normal. 

COMAIENT ^ 

The pathologic observations made regarding the presence and ty 
cardial lesions found in animals dying from digitalis poisoning of 

eral those previously recorded. They substantiate, moreovei, le aj-e 

Bauer and Eeindell,® and Lindner,® that such anatomic mjwai ;peindell) 
not present in all animals (in 80 per cent, according to aiiei pluvious, 

subjected to lethal and sublethal doses of digitalis glycosi cause 

therefore, that myocardial pathology cannot represent in a ins sequelae, 

of symptomatic toxic manifestations observed during life an i ® jp these 

as contended by Buchner,® and Bauer and Froraherz. u 
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cases in which no appreciable myocardial lesions exist, there are others in which 
the anatomic changes in the heart after toxic doses of digitalis glycosides arc 
so niiM that they cannot ho considered as a major etiologic factor in bringing 
about the lethal results observed. While these considerations seem to discredit 
the anatomic conceptions of Buchner, and Bauer and Promherz, and support 
apparently the functional-cumulative theory of Hatcher,* there remains the pos- 
siliility that primary or seeondaiy cxtraeardiac organic anatomic lesions, such 
a.s described in tills presentation, may be involved in or eonfrilnife to tlie causa- 
tion of the toxic symptomatic reactions, particularly tliosc affecting tlie lieart 
and the nciTOiis system, and of the fatal end results. 

There exists a certain amount of functional and anatomic evidence indicat- 
ing that such a causative mechanism may play a part in tlie appearance of the 
tosic and fatal manifestations associated with digitalis poisoning in animals. It 
is a well-recognized fact tliat an overdigitalization leads to an excessively pro- 
longed and accentuated S3’stolie contraction and an incomplete and shortened 
diastolic dilation of the ventricles. This functional state of tlie myocardium 
results ill a more or less serious cireulatoiy impairment characterized by a de- 
fective filling of the arterial s.vsfcm and a retention of tlie blood in tlie venous 
system. Siicli a cironlatorj- state produces a relative stagnant hypo.xemia in tlie 
estraeardiac organs followed, wlicn prolonged, by tlie development of degenera- 
tive changes in those organs, such as the brain, whicli are particularly sensitive 
to deficieneies in their oxygon suppl.v. This liyiioxemic condition is accentuated 
daring attacks of vomiting and convulsions, and during the state of tlie racing 
iicarf, which in turn aggravate tlie ischemic anoxemia of tlie myocardium re- 
sulting from the compression of tlie m.vocardial arterioles by the bulges of the 
contracted nuuselo bundles (Anrop,'“ Foelc”) and interfering witli the functional 
cfScacy of the myocardium, Tims, a vicious circle is establislied between dis- 
tmbanecs of the functional activity of the heart witli its resulting circulatory 
elfcets and the functional and anatomic changes elicited by these conditions in 
Wracardiac organs. Tlie site (suprarenal, brain) and cliai-acter of these lesions 
(liomovriiagcs, degeneration of ganglion cells in tlie region of vitally important 
cciitois) as well as their potentially progressive nature suggest that tliey may 
the cause not only of prolonged functional cardiac disturbances, but also 
“f the oeonrrenee of the delayed deaths observed in animals witliout appreciable 
” severe myocardial pathology. 

In i-iew of the complete absence of corresponding observations in connection 
J'hh the to.vic reactions associated with a therapeutic overdigitalization in man, 
' remains uncertain whetlier a similar i-icioiis circle of functional and anatomic 
''aetions is produced and may eontribute to the untoward effects noted some- 
® patients subjected to this type of treatment. 

CONCLUSIONS 

™ti'o(liietion of single lethal doses of digitalis gl.veosides into guinea 
titwl °£ repeated suhlethal doses of the drug into cats, results in the 

action of degenerative and necrotic myocardial and cxtraeardiac (cerebral, 
Prawna!, licpatic, renal) organic lesions in the majority of the animals treated. 
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Some of the animals, however, dying from the toxic effects of the digitalis 
glycosides show at, death no appreciable, or only minor cardiac, changes, while 
the extracardiae, and particularly cerebral, lesions arc well developed. 

The anatomic evidence obtained indicates that subacute and delayed death 
from digitalis poisoning may be the result of anatomic, myocardial lesions of 
severe type or, in the absence of liicse, of extracardiae cerebral or suprarenal 
lesions. 
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FURTHER STUDIES ON THE BEHAVIOR OF GLUCONIC ACID AND 
AJIhlONIUhl GLUCONATE IN ANLVALS AND MAN^ 


Maynard B. Chenoweth, A.B., Helen Civin, M.S., Charles Saezman, B.> , 
Milton Cohn, M.D., and Harry Gold, M.D., New York, N. l- 


T he present report deals with a study of certain aspects of the 

of gluconic acid, in pariieulai' its effect on the pH of the urine, its e.'^^ 
in the urine, and its toxicity by oral and intravenous injection m ac 
chronic experiments. . 

Mechanism of Increased Urinary Acidity After Gtnconic Acid-. jp 

ous study ^ we found that large oral doses of gluconic acidt ^gjjing 

human subjects sometimes increased the acidity of the nrnie, i 
from 0.1 to 1.0 unit. Such a decline in the pH need not ghifts thf 

creted gluconic acid, since the administration of an oi'ganic am v ‘ic^ jj^creased 
acid -base equilibrium of the blood toivard the acid side may lesn 
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excretion of acid phospliates, and this factor may he responsible for the shift 
in the pH of the nrine. "We jiointcd ont in the jn'evious study that the fate of 
gluconic acid is not established, some studies indicating a high degree of ex- 
cretion and others the possibility that it is chiefly destroyed. AVo, therefore, 
performed experiments to ascertain the i*ole of excreted gluconic acid in pro- 
ducing the changes in the pll of the urine. 

In the first group of experiments gluconic acid was added to urine of 6 nor- 
mal subjects and of one -with a urinai*y infection, in concentrations varying from 
0.1 to 5 per cent gluconic acid. Forty.thi*ee pH determinations were made. The 
results showed a fall in the pll of fiom 0.1 to 1.2 units. All pll determinations 
were made with the Leeds and Norlhrup potentiometer using tlio glass electrode. 
In general, the higher the eoneontralion of gluconic acid, the greater the decrease 
in the pH of the urine. IMarhcd variations were in evidence, however, among 
different sjiecimens of urine. For example, in eacii of two urines, in which the 
pH decreased hy 0.6, the change was brought about b>' a 0.9 per cent solution 
of gluconic acid in the one and by a 5 ])cr cent solution in the other. A 1 per 
cent solution of gluconic acid lowered the pH hy as little as 0.1 in one urine, 
while the same change of pH was produced by a much more dilute solution of 
gluconic acid, 0.2 per cent, in another specimen. The original pH is not the 
sole factor that determines these variations, since two urines having the same 
pH at the start may show quite different changes with the same concentrations 
of gluconic acid. For example, in the case of two urines each of which had a 
pH of 5.9, one showed a decrease of 0.0 and the other a decrease of 0.6 with a 
gluconic acid concentration of 2.5 per cent; similaidy, when the concentration 
of gluconic acid was raised to 5 per oent in these two. the jiH decreased hy 1.2 
in one and by 0.9 in the other. Tlicse differences, as might be expected, are due 
to tlie different buffering powers of various urines. 

These experiments showed that the gluconic acid content of urine after 
large oral doses in man should be 0.3 per cent or liiglier in order to produce an 
appreciable fall in the pH of the urine, such as, for example, 0.1 to 0.3 unit. 

Olueonie acid is much less effective than maiidelic acid in lowering the pH. 
In one specimen of nrine a 5 per cent solution of gluconic acid produced a 
smaller effect (fall of pH hy 1.2) than a 1 per cent solution of maiidelic acid 
(^alUfpHhy 2..5). 

gluconic acid excretion in urine after orai. administration 

Hxporiinents were then performed to determine the gluconic acid content of 
iirmo in human subjects after the oral administration of large doses. 

An attempt was first made to determine the gluconic acid by the prepnra- 

of its phenylhydrazide, according to the tcehnniue described hy Fischer and 
iissmore,- and modified by Kiliani® and Van Marie. ^ 

. experiment in which 200 mg. of gluconic acid were added to 25 c.c. 

''’‘Iter, a yield of 98 per cent of the theovelical quantity of the phonyl- 
. razifie was obtained. It gave the melting point of glnconie acid phenyl- 
200° C. Each of two specimens of urine was divided into 
c.c. portions, and gluconic acid was added in amounts varying from 200 
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to 400 mg. The yield varied from 10 to 69 per cent of the added gluconic acid 
for tlie 8 samples, and from 18 to 69 per cent for the samples of the same 
specimen. 

An attempt was made to recover gluconic acid phenylhydrazide from the 
urine collected three hours after the oral administration of 5 to 20 Gm. of 
gluconic acid in 5 persons. None was recovered in 3. In 2 others the recoveries 
were 10 and 160 mg., respectively. Tlie eiystals were impure. These results 
showed that the phenylhydrazide method applied to urine yields hydrazidcs 
other than that of gluconic acid and is not a satisfactory method for determining 
the excretion of glueonie acid in urine. As far as the results go, however, tliey 
indicate that very little of a large oral dose of gluconic acid is excreted in the 
urine in man. 

In another series of cx])crimcnts an attempt was made to determine the 
urinary excretion of gluconic acid polarimctrically by means of tlie alkaline 
molybdate complex. De Carli”’ .showed that the specific rotation of ghieonk 
acid is ver.v low. However, Lutz and Jirgensons,'’ and Schmidt and Weher- 
Molster^ showed that the specific r'otation of various aldonic acids can be greatl} 
increased by forming complexes with sodium or ammonium moh'bdate. Bennef- 
Clark® employed acid solutions of ammonium molybdate for determining glu- 
conic acid in plant e.xtracts. The acid solution, however, is not applicable to 
urine because of otlier .suh.stanees normally present which color the molybeate, 
and liUtz and Jirgensons" .showed that the greatest rotation in the ease o 
glnconie acid is obtained in alkaline solution. 

The urine was first cleared by centrifuging twice at 4,000 r.p.m,^ It ^ 
decanted into a fine filter and allowed to filter slowly in the refrigeiator. 
coal or other similar agents for clearing urine are undesirable in 
gluconic acid.® Eight cubic cent imeters of the clarified urine were place w a^^^ 
o.e. Erlenme.ver flask. To this 5 c.c. of a saturated aqueous solution o 
molybdate were added, and 0.5 c.c. of 24 per cent sodium hydroxide. 
made up to 25 c.c. with distilled water. It was well mixed and allowe os a ^ 
the dark for about one hour, although the indications ai'c that 
can be made in from thirty minutes to twenty-four hours. A ceeim 


Table I 

Effect of the Concentration of Giaicokic Acip on the Degree of 


Oftic.u. Eot.wios is 
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of the relationship between the concentration of gluconic acid lactone in urine 
and the angle of rotation showed that with concentrations between 0 1 and 2.0 
per cent this relationship is a sti'aight line function (Table I). 

The polarimctric method of determining gluconic acid in urine was applied 
to four experiments in a dog and to thirty experiments in six persons. Illus- 
trative data are presented in Table II. A normal female dog was placed in a 
metabolism cage and kept on a normal stock diet with unlimited water. The 
bladder was emptied before the drug was administered. Urine specimens were 
collected from the bladder by means of a catheter at intervals of from one-half 
Jo seven and a half hours after the dose. To insure a satisfactory volume of 
urine; 100 c.c. of tap water were placed in the stomach after the doses of the 
drag in three of the four experiments. Each experiment was done on a dif- 
ferent day. The following doses were used; 0.5 Gm. of gluconic acid per kilo- 
gram intravenously in two experiments, 1 Gni. per kilogram by stomach tube 
in the third, and 1.5 Gm. per kilogi’am by stomach tube in the fourth. The 
pn of the urine specimens collected from one-half to five hours after the dose 
vas usually less than 5.5, and ranged from 4.8 to 6.0. The results showed that 
the dog excretes some gluconic acid in the urine, more after intravenous injec- 
tions than after oral administration. In the case of the intravenous injections, 
most of the excretion took place in the first half hour. The total amount ex- 
creted in the urine in either case was small, namely, 1.1 and 2.4 per cent of 


Table II 

Urinary Excretion of Glucokic Acid Determined Polarimetrically 


KATE 

i 

DOSE* 

(OSI./ 

KO.) 

MODE OF 
ADMINIS- 

tr.\tion 

interval! 

(UK.) 

pll OP 
URINE 

CONCEN- 
TRATION OF 
GLUCONIC 
ACID IN 
URINE 
SAMPLE 
(%) 

GLUCONIC 

ACID 

RECOVERED 
IN EACH 
SAMPLE 

OF 

DOSE) 

TOTAL 

GLUCONIC 

ACID 

RECOVERED 
AFTER EACH 
DOSE (% 

OF DOSE) 

In the dog 


1 1 

Stomach 

4.5 

GO 

0.11 

1.2 


L 


tube 

7.5 

— 

0 01 

0.075 

2.4 

8/Sl 

0 





4.5 

0 

0 



0.5 

Vein 

0.5 

4.8 

4.4 

3.1 



— ! 



1 

5.8 

0.0 

1.4 

5.4 


— 



1.5 

4.9 1 

1..3 

0.9 




— 

2 

5.5 1 

0.22 ' 

0 






In 

man 





(Gm. 







8/21 1 

total) 

10 

Oral 

3.5 

5.7 

0.25 

3.5 





7.0 



0.26 

4.2 

7.7 




24.0 

— 

0 

0 



10 

Ural 

3.5 

5.9 

0.33 

10.9 





7.0 



0.05 

1.8 

12.7 




24.0 

— 

0 

0 



"io 

Ural 

3.5 

5.9 

0.58 

0.4 





7.0 

— 

0.24 

8.6 

15.0 






24.0 

— 

i 0 

0 



intravenous doses were given as a 10 per cent solution of the delta lactone 

Intervals represent the period from the administration of the drug to the 
" or the sample of urine. 
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in-ceiablc sustained in.-juiy is efinivalent to an intTavenous injection of 30 Gm. 
for the average man on the 1)asis of body weight. It is clear, therefore, that 
the toxicity of ammonium gluconate or gluconic acid by intravenous injection 
is very low. 

Effect of Ohiconic Acid on the Urine of Human Suhjects'.—'fhe urines of 
5 normal persons were examined for protein, casts, blood ceils, pus cells, and 
sugar. The subjects were then given daily doses of glueonic acid of 5 to 10 
flm. each for periods varying from three to six days. At the end of this period 
the urine was re-examined in the same way. The results show that gluconic 
acid produces no signs of renal injury, judged in this way. 

Effect of Gluconic Acid on the pll of the Urine. — In the previous study’ the 
results of experiments were presented showing that the delta lactone of gluconic 
acid given in large doses reduced to low levels the .pH of the urine in normal 
human subjects. The dose was 15 Gm. of gluconic acid given' orally on an 
empty stomach. The Idaddcr was cm])tied at the time the dose was taken, 
and the nrinc secreted during the first lour-honv period after the dose nas 
examined for the pH. Inasmuch as the larger doses had a fairly marked tend- 
oney to cause cramps and diarrhea, similar experiments were now made with 
5 Gm. doses in order to sec whether changes in the pH of tlie urine coul e 
produced without tlic gastrointestinal symptoms. These experiments were cai- 
vied out in 10 persons, 5 Avith and 5 without a urinary infection. Control speci- 
mens of urine wore examined for the pH under the same conditions as t ose 
after the dose of the drug. In the diffei’cnt patients tlio average pH 
controls Avas based upon the results in from five to sixteen specimens, an a ^r 
the gluconic acid the average pH Avas based upon the results in from 'O 
thirty -seven specimens. The results Avith tlic 5 Gm. doses Avere cquiAOca . 
doses Avere then increased to from 10 to 50 Gm. given at one 
A’ariations in the changes of the aAmrage pH of tlie uriire after the iWa 
obsei'ved. In the different cases they Avere as folIoAVS: +0.9, -0. , ■ ’’^1 
-0.3, -0.5, 0.0, -0.7, -0.1, and -0.9. Urinary infection Avas present m . 
five of these cases. It appears, therefore, that normal and ^rfecte mi 
not behave alike. In normal urine the pH usually declined. . n ni 
a decline rarely occurred. In fact, the usual response Avas a rise o ? . 
similar resistance of infected urine to acidification by intraAcnous 
of glueonic acid in human beings Avas reported by Bodon. 

Effect of Ainmoniuni Gluconate. — In a group of S 2 witii 

ammonium gluconate on the pH of the urine Avas tested. 
infected urine and 6 Avith normal urine. The e.\'perimeuts A\eie ea ^ -[ised. 
a manner similar to those in Avhich the delta lactone of gluconic jn 

The doses Avere from 5 to 30 Gm., given in the form of a P°'' gjjeci- 

8 ounces of Avater, Avith the urinary bladder empty, four houis le jn 

men of uriiie Avas collected. The results sliowed that in the 

such doses as tliese also tends to reduce the pH of noima urm jj,g 

tAVO subjects Avith infected urine, the pH did not fall, hut effects 

8 patients developed nausea, cramps, and diarrhea. These during 1'"^ 

of ammonium gluconate, therefore, are similar to those encoun 
use of gluconic acid. 
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Illustrative data of the effect of gluconic acid and ammonium gluconate 
ou the pH of the urine in man arc presented in Table IIL 

Table III 


Effect of Ingested Gluconic Acid and Ammonium Gluconate on the pii of Urine in Man 




Fro* 

5(o)t 

10(11) 

20(0) 

5 

22 

5.7-5.2 

7.5-5.4 

5.5 

6.4 

+0.9 


E3w* 

5f3) 

10(28) 

20(5) 

12 

30 

C.9-5.7 

7.3-5.2 

6.4 

6.8 

+0.4 


Mod 

6(4) 

10(1) 

15(5) 

16 

10 

7.0-5.1 

5.9-4.9 

5.7 

5.2 

-0.5 


Tra 

5(5) 

10(0) 

15(5) 

10 

15 

6.2-4.9 

6.2-4 8 

5.7 

4.8 

-0.9 


/ImmoniHm Gluconate 


Gre* 

10(2) 

20(10) 

1 30(4) 1 

1 ® 

16 

7.5-7.1 

S.1-7.1 

7.1 

7.4 

+0.3 

Rei* 

6(0) 

10(3) 


10 

19 

C.2-5.0 
7.2-5.4 1 

6.6-5.0 1 

5.9 

6.1 

+0.2 

Jon 

5(0) 



17 

12 


0.1-5.0 

6.0 

5.5 

-0.5 

Mac 

5(0) 


1 — 1 

! 7 

9 

C.9-5.2 

6.2'4.9 

6.4 

5,5 

-0.9 


'Subjects with urinary infection ; others without unnarj- infection. 
tThese show number of days drug was taken. 


SUMMARY AND CONCLUSIONS 


!■ A method has been developed for the determination of gluconic acid 
111 urine polarimetrically by means o£ the ammonium molybdate complex of 
gluconic acid. 


2- It has been determined that the degree of optical rotation produced by 
lie complex of gluconic acid bears a straight line relationship to the concentra- 
tion of gluconic acid. 

3. After large oral doses of gluconic acid the urine, wlien treated with am- 
’“onium molybdate, develops optical rotation. We have assumed it to represent 
“cteted gluconic acid. 


1. After 10 to 30 Gm. doses of gluconic acid given orally, human subjects 
J'ore found to excrete an amount varj-ing from 7.7 to 15.0 per cent of the dose 
w the succeeding twenty-four houre, the major part of the excretion taking 
IWce within the first few hours. 


After doses of 10 to 30 Gm. of gluconic acid the concentration in the 
'"■inc is extremely variable, ranging from 0.03 to 2.24 per cent, usually, however, 
0.5 per cent. 


6. In experiments in wliicli gliieonic acid was added to the urine 
that the foregoing concentrations could account for the amount of de- 
jj . ® pH of the urine which followed the oral doses of gluconic acid. 
'•5 inferred, therefore, that the fall of the urinarj- pH after the administration 
b uconie acid is due to the excreted gluconic acid, or some closely allied acid 
wuvative. 
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1.0 to 1.5 Gni. per kilogram by oral administration, and 5.4 and 6.0 per cent 
of 0.5 Gm. per kilogram by intravenous injection. 

In tbe human subjects the gluconic acid was given in a single dose of 5, 
10, 20, or 30 Gm. orally at 9 a.m., after a constant breakfast at about 8 
The bladder was emptied just befoi-c the drug was taken dissolved in 8 ounces 
of water. No food was taken until after the first sample of urine wliich was 
collected, three and a half hours following the drug. The second sample was 
collected seven hours after the drug, and the third sample represented tbe 
]30oled urine voided up to twenty-four hours after the drug. Variable amounts 
of gluconic acid appeared in tlic urine after if.s oral administration. Nonewa.s 
recovered after a 5 Gm. dose in two ex])eriments. After from 10 to 30 fim. 
doses, 0.5 to 17,5 per cent ap]iearcd in the urine. The recovery varied greatly 
in the same individual after a similar dose and similar interval on different 
days. For example, in one subject who received a 10 fim. dose on each of 
five days, the recovery of gluconic acid in the urine three and a half hours after 
each dose varied as follows; 1.4, 2.2, 2,6, 0.0, 5.7 jier cent of the dose. The 
largest amount usually a])pearcd in the first seven hours after the inge.stion. 
In four experiments in which tlie total excretion was determined, it varied 
from 7.7 to 15 per cent of the 10 Gm. dose. 

The concentration of gluconic acid in the urine of the dog varied from 
0.01 to 4.4 ])er cent. In human subjects in whom the doses were smaller on the 
basis of body weight, the concentrations ranged from 0.03 to 2.24 per cent. 

The decrease in the pH of the urine after gluconic acid in oral doses of 
from 5 to 50 Gm. ranged from 0.1 to 1.0. When gluconic acid was ® ^ 
urine, it was found that eoneentrations of from 0.1 to 0.9 per cent pio uce 
decreases in the jiH of the order of 0.1 to 0.6 unit. Since such concent i at ions 
gluconic acid aiipear in the urine after oral doses, we may conclude t la 
pPI of the urine following the oral administration of gluconic aci cou 
explained by the excreted gluconic acid as c.stimated above. ^ 

We have observed that control urine does not form an 
complex with ammonium molybdate in the manner in which tie.se 
were performed. Furtlicrmorc, the urine secreted after the injection o 
acid is not optically active until its ammonium molybdate comp 
formed. We have assumed that this optically active eompoun rplie 

conic acid, the amount of which was calculated in terms o t m 
possibility that this eom]3onnd which appears may not be activity, 

some related conversion product which possesses little ^ jjjpjex in a 

hut which develops optical rotation as its ammonium mo } u e 
manner similar to gluconic acid, has not been excluded. 


TOXICITY OF GLUCONIC ACID ^ 

In the Cat and the Bog . — Each of 5 cats received a daib fourteen 

gluconic acid per kilogi'am as a 10 per cent solution by stomae i 
days. Daily observations were made for signs of toxicit}, au p,;. 

examined daily for protein, blood, casts, and sugai. ^^.iLmistration of t*’® 
amined during a control period of five days prior to le a 
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drug. The animals -were -weighed at the heginning and again at the end of the 
experimental period. 

The general appearance of the animals remained unchanged. They retained 
their control weight. Tlirce developed vomiting and diarrhea on several occa- 
sions. The urine remained unchanged. 

At the end of the two weeks the animals were killed with ether or chloro- 
form, and on gross examination the lungs, heart, liver, kidneys, gastrointestinal 
tract, bladder, ureter, and spleen were found normal. Sections of the lungs, 
liver, and kidneys were prepared, stained wdth hematoxylin and eosin, and 
examined histologically. In all there w’ere 126 such sections. These also failed 
to show any significant changes "when compared with the tissues of 2 normal 
cats examined in the same "way. 



Fig. 1. 

A similar scries of experiments Avas carried out on 3 dogs. The results 
similar to those obtained in the cats. No signs of ill health developed during 
p^i'iod of two weeks. The urine remained unchanged and at autopsy no 
or histologic changes in the tissues (33 sections examined) Avere 

Iniraveiioxts Injection in the Cat. — Pig. 1 shoAvs the effect of glu- 
^ ^ acid and ammonium gluconate given by intravenous injection in the cat. 

ose of 500 mg. per kilogram produced a temporary fall of the blood pressure, 
bter^ fo the normal level Avithin about five minutes. Eight minutes 

a similar dose of ammonium gluconate aa’HS giA’cn. This also produced a 
of the blood pressure, followed by a marked secondary rise. An 
late' kilogram given A’cry l*apidly about twenty minutes 

^ produced abrupt cessation of the heart. The dose Avhich produced no ap- 
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]ireciable sustained injury is eiiuivalent to an intravenous injection of 30 (Ini. 
for the average man on tlie basis of body weight.. K is clear, therefore, that 
the toxicity of ammonium gluconate or gluconic acid by intravenous injection 
is very low. 


Effexi of Gluconic Acid on the Urine of Human Suhjccts.~T\\e. urines of 
5 normal persons were examined for jn’otcin, easts, blood cells, pus cells, and 
sugar. The subjects were then given daily doses of gluconic acid of 5 to 10 
rim. each for periods varying from three to six days. At the end of this period 
the urine was re-examined in the same way. The results show that gluconic 
acid produces no signs of renal injury, judged in this ivajE 


Effect of Gluconic Acid on the pH of the Urine. — In the previous study* the 
results of experiments were presented showing that the delta lactone of gluconic 
acid given in large doses reduced to low levels the ,pH of the urine in normal 
human subjects. The dose was 15 Gm. of gluconic acid given orally on an 
empty stomach. The bladder was emptied at the time the dose was taken, 


and the urine secreted during the first four-hour period after the dose was 
examined for the pH. Inasmuch as the larger doses liad a fairly marked tend- 
ency to cause cramps and diarrhea, similar experiments were now made with 
5 Gm. doses in order to see whetirer clianges in the pH of the mine could be 


produced without the gastrointestinal symptoms. These experiments weie car- 
ried out in 10 persons, 5 with and 5 without a urinary infection. Control speci- 
mens of urine were examined for the pH under the same conditions as tiose 
after the dose of the drug. In the different patients the average pH or \ ^ 
controls was based upon the results in from five to sixteen specimens, an ^ 
the gluconic acid the average pH was based upon the results in from \e o 
thirty'-seven specimens. The results with the 5 Gm. doses were ctiunoca . 
doses ivere then increased to from 10 to 50 Gm. given at one time. 
variations in the changes of the average pH of the urine after the w^^ 
observed. In the different cases they were as follows; +0.9, 

-0.3, -0.5, 0.0, -0.7, -0.1, and -0.9. Urinary infection was present m 
five of these eases. It appeans, therefore, that normal and infecte 
not behave alike. In normal urine the pH usually declined. In m ec e ^ 
a decline rarely occurred. In fact, the usual response was a rise o 
similar resistance of infected urine to acidification by intravenous 


of gluconic acid in human beings was reported by Bodon.*" 

Effect of Ammonium Gluconate. — In a group of S persons thc^^ ^ 
ammonium gluconate on the pH of the urine was tested. There vm 
infected urine and 6 with normal urine. The experiments were caii 
a mairner similar to those in which the delta lactone of glueonie aci jjj 

The doses were from 5 to 30 Gm., given in the form of a the spec'' 

8 ounces of water, with the urinary bladder empty, four hours e 
men of uriire was collected. The results showed that ammonium 
such doses as these also tends to reduce the pH of normal tlic 

two subjects with infected urine, the pH did not fall, but effeds 

8 patients developed nausea, cramps, and diarrhea, dhese during 

of ammonium gluconate, therefore, are similar to those encoun er 


use of gluconic acid. 
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Illustrative data of the effect of gluconip acid and ammonium gluconate 
oil the pH of the urine in man are presented in Table III. 

Table HI 


Eprecrr of Ingested Gevconic Acid \nd Ammonium Gluconate on the pu op Udine in SIan 





I Km 

m vn 











t wXm 

Bii ' 








BfiKs 


yMil 

; in 




BM 

Kciif-ftl 




Bwl 




EE n 












1 

Gre* 

10(2) 

niBraM 

30(4) 

8 

10 

7.0-7. 1 

8.1-7.1 

7.1 

7.4 

+0.3 

- 


5(0) 

tEKill 


10 

ifl 

C.2-5.() 


5.9 


+0.2 


Joa 

5(0) 

10(3) 

17 

12 

7.2-5.4 

C,l-5.0 

G.O 

5.5 



Mac 

5(6) 

■WtM 

— • 

7 

9 

G.9-5.2 

C.2-4.n 

0.4 

5.0 



•Subjects with urinary infection ; others without urinary Infection. 
fTheae show number of days drug was taken. 


SUMMARV AND CONCLUSIONS 

1. A method lias been developed for llie determination of gluconic acid 
111 urine polarimetrically by moans of tlie ammonium molybdate complex of 
Sluconie acid. 

2. It has been determined that the degree of optical rotation produced by 
the complex of gluconic acid bears a straight line I'clalionship to the concentra- 
hon of glneonic acid. 

3. After large oral doses of gluconic acid the urine, when treated with am- 
'noniiim molybdate, develops optical rotation. Wc have assumed it to represent 
^^xoreted gluconic acid. 

■1' After 10 to 30 Gm. doses of gluconic acid given orally, human subjects 
found to excrete an amount varying from T.T to 15.0 per cent of tiie dose 
Ifie succeeding twenty-four houi*s, the major part of the excretion talcing 
I'lace ivitliiii the first few hours. 

h. After doses of 10 to 30 Gm. of gluconic acid the concentration in the 
is extremely variable, ranging from 0.03 to 2.24 per cent, usually, however, 
than 0,5 per cent. 

6. Ill vitro experiments in which gluconic acid was added to the urine 
that the foregoing concentrations could account for the amount of de- 
Ijease of the pH of the urine wdiieh followed the oral doses of gluconic acid. 
^ ^ynferted, therefore, that the fall of the urinary pH after the administration 
is due to the excreted gluconic acid, or some closely allied acid 
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7. Additional expevimcnts with oral doses of ghiconic acid confirm (lie 
previous resiills sliowing- that the pH of the urine can he significantly reduced 
by doses of the order of 10 Gin. or more. Smaller doses produce equivocal 
results. 

8. In a series of similar experiments with ammonium gluconate the pH of 
the urine was similarly lowered by similar doses. 

9. While a significant lowering of tlie pH occurred almost uniformly in 
cases of normal urine, the reverse occurred in cases with urinary infections. 
In the latter the pH rai'cly fell and usually rose. Tlie reason for this differ- 
ence requires further study. 

10. The acute toxicity of gluconic acid and ammonium gluconate is low. 
Only temporary fluctuations in the blood pressure are produced by an intra- 
venous injection of a 10 per cent solution of gluconic acid or of ammonium glu- 
conate in a dose of 0.5 Gm. per kilogram, equivalent to a total of about 30 6ra. 
for a man. 

11. The daily oral administration of large doses of gluconic acid to dogs and 
cats for a period of two weeks failed to produce any gross or histologic ti.ssuc 
changes. 

12. The continued administration of large oral doses of gluconic acid to 
normal human subjects also failed to produce any pathologic renal changes, as 
evidenced by the absence of blood, protein, casts, and sugar in the urine. 

13. Gluconic acid and ammonium gluconate appear to be equally effeefne 
in lowering the pH of the urine in man in the absence of urinary in cc ion. 
To produce this effect, single do.ses of about 10 Gm. or more arc nccessarj, an 
these cause gastrointestinal disturbances in about one-half of tlie cases, n 
individuals with infected urine the effect of these compounds on t le p 
the urine is much less certain, more often causing a diminished aci ij. 
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INVESTIGATION OP PROTECTIVE ANTIBODIES PRODUCED BY 
ORAL ADMINISTRATION OP TYPHOID VACCINE” 


H. D. Moor, M.D., and Lucille Brown Wallace, M.S., M.T. 
Oklahoma City, Okla. 


T his investigation was carried out with the cooperation of the Army Medical 
School. Colonel J. P. Siler outlined tlie procedure to be followed and the 
laboratory work was carried out under the direction of Lieutenant Colonel G. C. 
Dunham. 

The Bacteriology Department of the University of Oklahoma carried out 
the following steps in the investigation ; 

1. Twenty-five adult individuals (20 foinales, 5 males) who gave a nega- 
tive history for typhoid fever and for antityphoid vaccination were tested. 

2. Twenty cubic centimeters of blood were secured from each. 

3. The sera were separated and an agglutination titration was run on each 
serum. 


4. The remainder of the sera was then eavefuHy packed in sterile vaccine 
bottles tinder strict aseptic precautions and shipped to Lieutenant Colonel G. C. 
Dunham at the Army Medical School in Washington. D. C. 

5 Here under his supervision mouse protection tests were carried out. 

Following tlie.se preliminaiy agglutination titrations carried out in our 
laboratory and the titration of tlie protective antibodies by Lieutenant Colonel 
Rimham, each of the 25 individuals was given a course of oral typhoid vaccine 
ronsisting of three capsules taken at twenty-four-hour intervals, and containing 
>0 each capsule, ten thousand million heat-killed typhoid bacilli, Panama Carrier 
Strain No. 58. One capsule was taken on three successive mornings, one hour 
lefore breakfast. 

Two and six weeks after the oral administration eacli individual’s blood 
serum was titrated in our laboratory for agglutinin antibodies and samples 
"ere fonvai'ded to Lieutenant Colonel Dunham in Washington, where they were 
tested for protection antibodies by the mouse protection tests. The results of 
llic.se tests appear in Tables I and II. 

These results confirm those previously published by us and others regard- 
ing the agglutinin antibody content in the blood of individuals orally vaccinated 
“t typhoid fes'er (Hoffstadt and Thompson,* Hoffstadt and Marlin,* Pijper 
“iidDau,* Simons,* Grimm and Short*). 

The results of the mouse protection tests for protective antibodies in the 
^ 00(1 sera of the orally vaccinated individuals were practically 100 per cent 
f*o?at{ve. 


The slight protection given the mice l>y the blood sera of three of the volun- 
can he explained on the basis of experimental error, or it might he due 


^0 the ‘ 


fmamnestic” phenomenon. 


^rom the University of Oklahoma School of Medicine. Oklahoma City, 
'^ceued for publication, June 7, 1340. 


1583 



I58i 


THE JOURXAL OF LABOR ATORT AKD CLINICAL JIEDICINE 


In a previous publication® we pointed out the advisability of testing the 
sera of orally vaccinated people by the mouse protection method, as well as tw- 
ing chemical killing of the vaccine instead of heat killing. 


Table I 

Aggi-vtination Te.st.s — Oral Yaccinatiox.s 
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Vaccines killed witli formalin have been tested in the Army Medical School 
haboratory by Siler and Dunham,' using the mouse protection tests. The re- 
sults of these tests showed practically no advantage in chemically killing the 
vaccine over the heat killing. 

Tablc TI 

Serum Protection Tests or Orally Vaccinated Individuals 


SERUM NO. 

INDIVIDUAL 1 

liEFonE 

VACCINATION 

NO. OF M.L.D.S AOAINST WHICH 0.1 C.C. 
AMOUNTS OF SERUM PROTECTED ALL 

JIICE 

2 WEEKS AFTER 
VACCINATION 

G WEEKS AFTER 
VACCINATION 

0- 1 

A. B. 

- 1 

- 1 

- 1 

0- 2 

E. B, 1 

1 

1 

- 1 

0- 3 

J. C. 

- 1 

- 1 

1 

0- i 

M. E. 1 

1 

- 1 

- 1 

0. 5 

J. M. 

- 1 

- 1 

- 1 

0- G 

K. S. ! 

- 1 

- 1 

1 

0- 7 

M. J. M. 

1 

- 1 

- 1 

0- 8 

L. M. F. ' 

1 

1 

1 

0- 9 

C. E. L. 1 

- 1 ' 

1 1 


0-10 

Mrs. J. H. 

- 1 

- 1 

~ 1 

0-11 

P. L. 

10 

100 

1 

0-12 

A. tv. 

! 10 

10 

1 

0-13 

L. T, 

- 1 

- 1 

- 1 

0-14 

F. S. 

- i 

-- 1 

- 1 

0-15 

B, C. 

- 1 

- 1 

1 

0-16 

H. M. C. 

- 1 

- 1 

- 1 

0-17 

V. K. 

1 - 1 

- 1 


0-18 

Jilrs. Mcil. 

1 

- 1 

- 1 

0-19 

G. N. 

1 - 1 

- 1 

- 1 

0-20 

D. S. 

- 1 

1 

1 

0-21 

B. T. 

- 1 

1 

- 1 


K. E. 

1 

1 

10 

0-23 

D. P. 

1 - 1 

1 - 1 

1 

0-24 ! 

L. S. 

- 1 

1 

- 1 

0-23 

B. B. 

- 1 

- 1 

10 


In our previous experiments we did not test for the H agglutinins because 
ne felt at the time that heat killing the v'accine destroyed the H antigen. Grimm 
MU Short, using the same strain of B. itjpliosxts in preparing typhoid vaccine 
or oral administration, and orally administering it in the same way we did, 
^ave been able to demonstrate the presence of H agglutinin antibodies for B. 
Hpiosm in the blood sera of people orally vaccinated. 

. combined results of practically all the experiments with oral admin- 
jshation of typhoid vaccine to date show that agglutinin antibodies both 0 and 
nr B. typhosus are found in the blood sera of individuals following the 

'“cciiiation. 

■‘Isglutiiiin, precipitin, and lytic antibodies for B. typhos^is have been 
OTonstrated in the blood sera of people orally vaccinated for typhoid by Hoff- 
® b Thompson, and Martin. Protective antibodies as revealed by the mouse 
thei Army Medical School, 'Washington, D. C., failed to show 
ir presence in any significant quantity. Various field trials with oral typhoid 
rinc in South America, Africa, and Europe have liad encouraging results, 
iierefore, reasonable to state that the oral administration of typhoid vac- 
possibly be an effective method, but at the present time it is not ad- 

’n.lblc to 


necept it or to recommend it. 
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Tlie intradermal method reported by Siler and Dunham^ at the Amy 
Medical School and Tuft, A'agle, and Eogers”- at the Temple L’niversity School 
of Aledieine, furnishes definite evidence that it is effective. It also practically 
eliminates the most objectionable feature of the .snhcutaneoiis administration of 
typhoid vaccine, namely, the general inea])acitating systemic reaction. 
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COMPLEJIE.^T FIXATION WITH SPECIFIC ALLERGENS IN HAl 

FEVER 


I. Problem, Procedure, Diagno.stic ^ ai.uf. 


jM. E. Hensei., AI.D., and J. il. SheiJ'ON, JI.E. 
Ann Arbor, AIich. 


I 


T IS still a moot question Avliethei' the treatment of hay feiei and ^ 

- specific antigens immunizes or de-immnnizes (desensitizes, de-aUeigi^s . 
ferent methods (skin tests, conjunctival tests, Prausnitz-Kiistnei leac lo 
liighly contradictory results to different investigators. 

The first theory offered is that of Noon,^ Avho considered the o ^ ei 
tein as a toxin against AA'hich the body forms an antitoxin. ^ j,, the 

aimed at active immunization and tried to increase the Aftei 

tissues, using the conjnnctiA-al test as a means of cheeldng Ins ^ pQj’jynciiral 
each therapeutic inoculation he found a decrease in the |gvel if 

reaction during the first feA\' days, folloAved hy a rise to a Uc 
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propel- amount of “toxin” had heen given. Noon’s findings with regard to 
the negative phase and the following peak of immunity correspond to those of 
Brieger and Ehrlich,- and of AVright^ in their experiments with bacterial vac- 
cine.s. Freeman* and Cooke"' adopted this view. Pasteur-A^allery-Rndot, and 
llagiienau,® however, obtained opposite results by a different method of treat- 
ment. They gave daily intracutaneons injections to an asthmatic patient sensi- 
tive to liorse.s and observed that the patient’s diminishing susceptibility to the 
presence of horses was accompanied bv a decrease of his skin reactions, which 
finally disappeared entirely. Cooke,’' on the other hand, did not see any decrease 
of skin reactions during specific treatment, whether the patients were benefited 
or not. Ijcvinc and Coca' investigated the serum of allergic patients by means 
of the Prausnitz-Kiistner reaction (pa.ssive transfer). They found that during 
a short eotu-se of pre-coseasonal treatment the reactions decreased in some cases, 
and increased in others. They conclude that their study furnished no proof 
that the effect of specific treatment of atopic conditions is due to desensitization. 
Colmcs and Eackemaiin* state tliat the siieccss of prescasonal specific treatment 
is independent of the degree of tlie skin reaction at tlie end of the course, and 
that the degree of skin reaction is not related to the total dose given. Black” 
emphasizes that the question as to what is being done liy specifie treatment is 
still open to investigation, Baldwin and Glaser'” state that there is no corre- 
lation between skin reactivity and the success of treatment and decrease of tlie 
reactivity of the mucous membranes. The passive transfer gives inconclusive 
results. 

An entirely different metliod of approncli was employed liy AValker" and 
Allnis" who used eomplemeiit fixation tests. 

AValker studied a group of 30 patients who liy liistory and skin tests were 
sensitive to one or several of tlic following proteins, liorse dander, cat hair, 
"lieat, and Staphylococcus auretts. The complement fixation with the offending 
prolciiis was positive in some patients, negative in others. In all patients who 
had a positive complement fixation, this was decreased by specific treatment. A 
lagative complement fixation would stay negative throughout the treatment. 
Aonallcrgic persons had negative complement fixation. Alhiis studied 8 hay 
fever patients who had a positive complement fixation with those pollens (grasses 
aid trees) to which wliieli they were .sensitive according to lii.story and .skin 
fesfs. The complement fixation was found negative after a course of pre- 
"easonal treatment sufficient to relieve the symptoms. Alhiis claims that the 
lece.ssity of treatment in tlie following year may he judged by the result of a 
'’implement fixation test performed before treatment is begun. 

Contrary to the other methods mentioned, the complement fixation test 
sue consistent results to tliose who used it, and appeared to offer an opportunity 
lo study in detail the patient’s reactivity during tlie different pliase.s of specific 
'vMtmciit. AVc decided, tlierefore, to adapt Albiis’ methods to tlie conditions 
'he Jtidwcstcrii States, and to repeat his study on a larger niimher of pa- 
''■lis, and in more extensive fashion. 

DROCEIn^RE 

Alhns’ metliod is tlic complement fixation test as modified by Ilcclit.'” It 
"I'i first applied to allergic patients by Jaffc.'* Active luiman serum and ini- 
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sensitized sheep cells form the hemolytic system. Inhibition, in the presence of 
an antigen, of the normal hemolytic power of the active serum indicates the pres- 
ence of specific antibodies and is considered a positive test. The method re- 
quires determination of the liemolytic titer of each individual seram before the 
actual test is performed. 

Technique . — For the preliminary reaction 0.2 c.c. of the serum and 1.0 c.c. 
of irormal saliire were placed into each of ten Kahn tubes and incubated at 3i° 
C. for thirty minutes. Then graded amounts of a 5 per cent suspension of 
freshly washed sheep blood corpuscles Avere added, the gradations beginning 
vdth 0.1 c.c. of the suspension in the first tube and successively increased in each 
following tube so that the last tube receives fully 1.0 c.c. of red blood cells. 
The tubes were incubated once more at 37° C. for thirtj’' minutes, and the reaction 


was read at the end of this time. The highest amount of sheep cells, which had 
become completely hemolyzed, rvas recorded. The procedure for tlte actual test 
Avas similar, but the irormal saline Aims replaced by solutions of the antigen under 
investigation. One cubic centimeter of graded antigen dilutions Avas placed 
into each tube Avith 0.2 c.c. of serum and incubated for half an hour. After 


this time a proper amount of sheep cells, as determined in the preliminar}' test, 
Avas added to each tube, and the mixture was incubated once more for thirt) 
minutes. The reaction AA-as read at the end of this time, and again after being 
placed in the icebox for tAventy-four hours. The highest dilution of antigen 


is recorded which shoAvs nouhemolyzed sheep cells. 

Antigens. — Extracts of the dried pollens of short ragAveed, orchard grass, 
and June grass Avere used as antigens. Normal saline, rather than Coca s so u 
tion,^° was used as the extracting fluid because the presence of a pieseiva ia 
might influence the test. A Aveighed amount of the pollen Avas ® 

100 c.c. of normal saline (for intravenous use) in the icebox at 5 C. oi o 
eight hours. The fluid Avas then filtered through a Seitz filter, ^ ‘ 

for use if proved sterile in aerobic and anaerobic cultures. Two i 
tracts AA’ere prepared of each species of pollen. An extract of 5 m- o 
in 100 c.c. of saline Avas called “concentrated,” AAdrile an e.xtract o 
100 c.c. Avas used as “stock fluid” (dilution No. 0). From this 
gressive dilutions Avere obtained by mixing a measured quantity aai i ^ 
amount of normal saline and repeating this procedure Avith pait o 
solution. The antigen solutions in Table I Avere used. 


CONCENTRATION 

STTbb 

1:100 

1:200 

1:400 

1:800 

1 : 1,600 

1 : 3,200 

1 : 6,400 


d esignation 

Concentrated 

Stock fluW 
Dilution No. 1 
Dilution No. 2 
Dilution No. 4 
Dilution No. 8 
Dilution No. 10 
Dilution No. 32 


KXPERnUENTJL AVORlv ^ 

a. Controls. In order to test the specificity of the extrads, 

same time determine the anticomplementary properties of t le p 
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Table II 


Resi’lts of Co.vple.vcxt Fixatiox Tests ox Uxtee.vted Hav Feveh PATiExm axd Controls 



a number, of persons in ivlioni pollen sensitization could be excluded were used 
as controls (Table II). 

Twenty-five sera of normal individuals and of allergic patients not sensi- 
tive to pollens were tested with ragweed antigen. "While some of the sera 
showed inhibition of hemolysis (complement fixation) with high concentrations 
of this extract, none reacted with any dilution higher than No. 1 (1:200), On 
this basis complement fixation with No. 2 and higher dilutions of ragivced ex- 
tract was considered specific in our later work. Twenty -four of these sera were 
also tested with orchard grass antigen. Sixteen sera of the same group and six 
sera of hay fever patients not sensitive to June grass were tested with June 
prass antigens. Reactions occurred only with concentrated and stock fluids. 
Therefore, complement fixation with No. 1 and higher dilutions of orchard 
grass and June grass extracts was considered specific. 

b. Hay Fever and Asthma Cases . — The sera of 51 patients who had, or 
^ad had, sj-mptoms of pollinosis were examined by the complement fixation 
laethod. All these patients had hcen found sensitive to one or more of the 
pollens by both history and scratch tests, hlany patients were examined more 
[ban once, and with fe-w exceptions all three pollen extracts were used in each 
instance. 

For our purposes the patients were divided into two major groups : those 
had never had specific treatment or who had interrupted such treatment for 
^ prolonged period, and tliosc who were examined wliile the}' w’crc receinng 
Perennial treatment at regular intervals. The first group only will be considered 
this communication. 

There were 25 patients who had suffered from hay fever for from sixteen 
Jiionths to thirty years prior to examination. Eighteen persons of this group 
lad never had specific treatment; 6 patients had had preseasonal and coseasonal 
oatment in previous years, but had not received injections for periods rang- 
from seven weeks to eleven months. The results of the complement fixation 
^sti\ere essentially similar in these two classes, and will bo discussed together. 
Twenty-three patients were sensitive to ragweed, 12 were sensitive to or- 
iai(l gra.ss, and 11 were sensitive to June grass. Blood for serologic examina- 
taken usually shortly after, occasionally before, the diagnostic scratch 
were administered. At this first examination 22 of 23 patients sensitive to 
a ced .showed some degree of complement fixation with ragweed antigen; 11 
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of 12 patients with orchard grass sensitization reacted with orcliard grass ex- 
tract, and all 11 patients sensitive to June grass showed inhibition of Ivcmolvsis 
with June grass. The general range of antibody titers was definitely higher 

T.vblf. Ill 

REsrLTs OF Skin Tests and Complement Fixation Tests in 25 Untre,\ted Cases of 

Hay Fever 



SCRATCH tests 


DURATION 

OF 1 SHORT 


COMPLESIENT 
FIXATION TESTS 



DATE SHORT OR- EERAKKS 

RAO- OIIAED 
WEED GRASS 


HAY FEVER rag- 
weed 


-t- + 4--I -1 + + + + + + + 7/23/37 No, No. No. 1 

32 33 


2 59 M 20 YCDVS + + + + 10/27/37 No. 

32 


11/10/37 No. 

32 

No. No. SNo, Tree 
32 32 pollens 

+++ 




i j 25 M Since cliild- f + + -f 4- + + + + + -)- 

liood 


5 22 




40 ] 

F 

30 

F 



Ni 

N 

No. |N( 
32 3 


No. No, No. 0 
10 16 


10 


11 19 


12 -13 


Id 


15 20 


10 29 


17 17 


15 months + + + -1 


1 year 1--!- + + 


M Since child- H- + + -1 


11/10/37 No. 

16 


11/10/36 NO. S 





M Since child- f + + + 
hood 


hi 7 years 

^ 1 - + + 4 + + + + + 4 

M Since child- ■(• + + -1 +-t-+ + + 4 

hood 


hi 5 years + + 


hi Many years f + + + 


hi First season H- + + + 


17 years 


5 years 


10 years 


24 years +- + -1- + 


hi 4 years + + + + 




llNo. OiNo. 0 


4 + + 4 


f + 4-4 4-4-4- 


4- + 4-4 4-4-4- 4-4-4 


44 



No. 1 
No. 0 


No. 0 


No. O Conc. 


No. O No. 0 


2/19/37 INo. 0|No. 2 


Neg. 
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in bay fever cases than in the control group, there was a wide vanation of 
reactivity, and only twelve, five, and five tests, respectively, were within the 
specific range. The amount of reagin in the serum appeared to be independent 
of the degree of positivity of the skin tests (Cases 4, 7, 22, 25). Neither was 
the age of the patient, the duration of the disease, nor the time of the year at 
which the blood was taken in any constant relationship to the antibody titer. 

Repetition of the test, however, furnished some interesting findings. In 
five cases we were able to obtain another blood sample at a later date. Case 
13 was re-examined two months after the first serologic test, tw’o days after 
the administration of positive sei*atch tests. The antibody titer had increased. 
Cases 6, 16, and IS were checked a few days after the first examination which, 
in these cases, practically coincided with the skin tests. The antibody titer for 
ragweed had increased in two of them; it was still lower in Case 18, a farmer 
who was continuously exposed to ragAveed in his occupation. It is reasonable 
to assume that the diagnostic scratch test had brouglit about a partial increase 
of floating antibodies in those patients who were not otherwise in contact with 
the pollens at that particular time of the year. Case 6 was seen once more at 
the end of the ragweed season without having received specific treatment in 
the interval. This time she reacted to all three antigens in the highest dilutions. 
Case 5 had been first examined before the beginning of the ragweed season. 
Because her history was not entirely significant for ragweed sensitization, and 
because she had positive skin tests for molds in addition to the one for ragweed, 
she was started on injections with mold extracts. She spent most of the ragweed 
s^&son in the northern part of ^fiehigan and was free of symptoms. Three day's 
after returning home she developed a severe asthmatic state which lasted for 
five day's before she was seen at the clinic. At that time complement fixation 
with ragiveed was strongly positive. 


The titration of antibodies for diagnostic purposes by the complement fixa- 
tion test, as it was undertaken in this study on 25 normal persons and 25 hay 
patients, shows that while a positive reaction with higher dilutions of the 
specific pollen extracts is found in sensitized individuals only, there is a rela- 
large percentage of allergic persons who have low titers of serum reagins 
Without having had “desensitizing" treatment. The test does not appear to he 
suitable to replace the skin tests in the diagnosis of hay fever. It promises, how- 
to he a valuable tool for the investigation of the mechanism of pollinosis. 
^ Our experiments show' — in agreement with the results of previous workers 
I ''^pucific antibodies can be demonstrated in the serum of hay fever patients 
of fl season. It is apparent that skin reactivity and the quantity 

are untihodies do not jiarallcl each other, and that the serum reagins 

Tnoi’e variable than the reactivity of the skin, a result which conforms -with 
of protein sensitization of animals (Kahn). Cases 4, 7, 22, and 
'uularly 25, show' in addition that in the same blood sample there may be 
■ “gh antibody titer for one antigen and a low titer for another; tlie corre- 
titer tests show just the opposite result. Fluctuations of reagin 

; °'™yted in three of four eases following a diagnostic scratch test. This 
‘1 likely that had the examination been repeated in other instances, posi- 
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live complement fixation would have been found in a miieli larger percentage 
than our tables suggest. The alteration of tlie antibody tiler following a seratdi 
test tends to empliasize two advantages that a serologic examination has over 
a skin or mucous membrane test in the investigation of the allergic mechanism. 
The serologic reaction enables us to test the amount of antibodies available in 
the body at any precise moment, and it docs not influence tbe allergic state of 
the patient. The administration of even a minute quantity of tbe allergen to 
one of the body surfaces, however, causes the organism to react, and will in it- 
self influence tbe result of tbe next examination. 

Case 4 suggests, on tbe other band, that the antibodies which are demon- 
strated by the complement fixation test arc not identical with the reagins re- 
sponsible for the Prausnitz-Khstner reaction. In this case a blood sample 
taken three days after the seratcli test showed a positive complement fixation 
with ragweed, low liters for orchard grass and June grass. A passive transfer 
jierformed with the same serum was positive for all three allergens. 


SUMMARY 

Hecht’s modification of the complement fixation test was used to determine 
the amount of specific antibodies in the blood of patients suffering from ha\ 
fever. Extracts of the pollens of short ragweed, orchard grass, and June grass 
were used as antigens. 

Twenty-five normal controls showed only occasional reactions with highl) 
concentrated extracts. Twenty -five liay fever patients xvho either had receue 
no specific treatment at all, or had rcceix'ed no treatment recently, shoived I’cac 
tions with mueli liigher dilutions of tlie allergens, particularly if examine 
repeatedly under varied conditions. 

The significance of fluctuations of tlie antibody titer has been discussed- 
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AN EVALUATION OP THU IMPORTANCE OF FUNGI IN 
RESPIRATORY ALI.ERGY 


G. L. AValdbott, M.D., K. E. Blaih, il.l).. and A. B Ackley, Ph.D. 
Detroit, Mich. 


CONSIDERABLE attention lias been focused i-eccntiy upon t)ic rel.ntion of 
fmiKVis spoTes to allcTgie diseases of tlie respiTatory tract. At times large 
'lUantities of ivind-borne spores may be present in llio air, fungus season.? .similai’ 
iopolion .seasons have boon noted; skin tests to fungi are often positive. How- 
e'er, the que.S'tioii as to bow mucli symptoms of le-spiratory allergy are actually 
iloc to molds is still highly eontrovei'sial. During the pa.st throe years we carried 
Ml, 111 collaboration with Aselier,’ a compreliensive study of tlii.s f(ue.stion which 
"icliidod both an air survey and a clinical follow-up study. 

air survey 

A brief review of the air .survey is necessary for tlie pre.scnt report. One 
(A. B. A.) exposed Sabourand plates each day for the .^reriod of one 
Proper controls were made throughout the duration of the survey by 
'’'i'osnre of plates at the same lime and niidcr the same experimental conditions 
miles apart. Other controls included .simultaneous e.xpo.snres at 
Meat heights and in twenty-three different habitats for fungi tbrougbout 
city, such as in a bakery, butcher shop, pigpen, cliicken coop, and barnyard. 

for the prc.sencc of certain fungi were recognized which tended 
“ny in all these different exposures on certain days and during certain 
siiiT' difference.?, however, were very pronounced. Precipitation 

Qw barometric pressure tended to free the air temporarily from fungus 
~~I2; ^"lond winds, as well as high pressure, increased flie count. Continued 
^ for rubllcation. June 5, 1910. 
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freezing and snbfreezing weather inhibited propagation of spores. Among the 
perennial fungi (Graph 1) Penicillium, j^east, and Torula produced the greatest 
number of colonies. Alternaria and Monilia, while present throughout the rear, 
showed a distinct seasonal increase, namely, Alternaria from July to Novemher 
and Monilia from. May to November. Another seasonal increase was observed 
for yeasts and Torula in the early part of the year. In June and early July nut 
was found on slides which rve exposed simultaneously with the culture plates, 
and smut occurred from July through October. 



Graph 1. — Air survey. Scale — ’4 incli equals 100 colonies. 

ruary to first part of March due to illness oi a- 


from latter part ot Fe> 


METHODS 


7 ri- n I Intradermai 

In this study the following methods were emploj'eu ' \ . g^^amination 

tests with fungus extracts. (2) Fungus cultures and for 

of smears from nasal and bronchial secretions. (3) Symptom fungus 

each natient dnrinfr t.hp. Tip.Tinfl of the funsuis survey. (4) . {j-gnsfcr 


each patient during the period of the fungus survey', ^ 

plates in patients’ homes. We refrained from making extensne pa 
studies because we found these tests less conclusive than skin 
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SKIN REACTIONS 

Comparison of Individual Fungi . — ^With the thirteen genera of fungi* most 
frequently encountered in the air survey, intradermal skin tests were performed 
on 841 patients with upper respiratory allergy. The dry extracts were prepared 
according to the method of Peinherg.* Tlie average reactions determined for 
each fungus per patient are shown in Graph 2.t A total of 580 patients, or 69 
per cent of the entire group, gave positive reactions to one or more fungi. 
Alternaria, Monilia, Bpidermophyton, and rust predominated slightly in skin 
reactivity over the others. Torula and Rhizopus gave the weakest reactions. 


Abaidia 
Alternaria 
Aspergillus 
Eptdenmophyton 
Hormodendron 
MoniUa 
Mucor 
PemetUum 
Rhi3opus 
Trichophyfort 
Torula 
Yeast 
Rust 
iSmui 

Graph 2 — Average skin reaction (+ to + + + +) for each fungus (841 patients). 


ifi is jo 


one plus 

C+) 


Comparison in Different Types of Cases . — On the basis of history and clini- 
cal behavior the 841 cases were subdivided into the following groups: (1) Pa- 
tients seasonal hay fever (267 cases) and asthma (182) due to pollen. 

) Nasal allergj' (llO cases) and asthma (219) occurring seasonally but not ac- 
eounted for by pollen. (3) Perennial upper respiratory allergj*, namely, 38 cases 
' ^ ®^thma and 25 of vasomotor rhinitis. (4) In addition to these three groups 
j ^ total of 841 patients, 39 cases were included for comparative purposes, 
28 cases of chronic sinus infection and 11 eases of bronchiectasis. In 
patients an allergic basis for the infectious state could not be definitely 
p ^ hshed. No notewortliy data were detected by tliiis subdividing our cases. 
\ in the second group of seasonal ** nonpollen” allergy in which fungi 

* . ^^’•‘ipGcted to be major causative agents, the skin reactions coincided well 

I - — of the other patients. Those of the first group, primarily sensitive to 

i Jadassohn and others (J. Immunol. 32; *203, 1937), the individual species of 

' like the others of the same genus. We, therefore, refrained from 

I fTh . ' species. 

I and By adding all the plus marks in all patients for the respective organ- 

‘ GMuing the total by the total number of patients. 
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pollen, gave stronger positive reactions to fungi than those in the .second and 
third grou])s. To our surprise, i*eactions encountered were hy far .stronger 
among the cases with chronic sinusitis than in any other patients. 

Comparison With Other Antigens . — In an attempt to compare the total 
number of skin reactions olitained for fungi with those for other antigens in the 
841 patients, Graph 3 was e.stablisiied.'^ If measured hy the standard of skin 
reactivity, fungi are considerably less important than pollens and epiderroals 
but about equally as important as foods. 



Graph 3. — Comparison of reactions to fungi with those of other antigens. 

Constancy . — Skin reactions to pollen are known to remain positbe for^^ 
long time. The minor reactions to foods and epidermals are subject to o 
variations while the majority of the three- and four-plus reactions o 
remain ratlier stable (Waldbott and Asehor^). Eighty-one of oiu patien s^^^ 
tested twice and 15 were tested three times for the same fungi. 
the three- and four-plus reactions remained positive upon suhsequen 
The minor reactions tallied only very rarely with those of the oiioU 


CUI.TURES FROAI KF.SPIRATORY SECRETIONS 

Of 442 cultures grown on potato dextrose agar medium of a jg 

from nasal secretions, 220 from bronchial secretions) 26 shove Qulfure.'; 

showed sterile hyphae only, and 124 developed bacterial giovti. ^^n^ ^Kernaria 
fungi w'ere grown. Penicillium predominated in 122, then 0 on Porula 
(62), ^lonilia (48), and yeast (42). Aspergillus, November, 

were less ])revalent. The heaviest growths occurred in Oc July 

Hormodendrum, Alternaria, and Aspergillus ivere piesen spiitan 

through November. In the majority of cases we did not consi ei^^^ pi-acticalh' 
cultures diagnostic, but merely incidental. It is likclj to grown twice, 

anj' respiratory secretion. In only 5 patients was the same un?^ .^ypliout stain- 
In 9 of the 442 specimens the microscopic examination v 11 spores were 

ing revealed mycelia which -we were unable to identifj . 


found in 3, Monilia in 3, and,yea.st in one. 

*Smcs in our routine testing many more tests ^(’(L^arative *basi.s: antisen® *" 

dermals, and fungi, we had to put the results on ^ p°^^,^vided bv the number 
plus marks in all patients for one group of antigens uas 
this group. 
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SYAIPTOM CALENDARS 

At the outset of our study every patient was provided with a printed form 
on which he -was to record the degree (one plus to four plus) as well as the dates 
of his symptoms throughout the year. For several months we checked rather 
carefully the occurrence of the symptoms with eacli peak of our fungus curve. 
IVheii there was a general increase of the fungus content in the air, for instance 
in late October and November, most patients showed a more or less pronounced 
tendency to be worse. This we were ixot able to attribute to one s\)eeitlc fungus, 
nor did patients react to the majority of fungi encountered in the air on those 
days. With altered weather conditions, especially strong winds and high baro- 
metric pressure, many solid particles of organic and inorganic nature, sucli as 
dust, soot, insect parts, were present on the exposed slides. They could have 
provided these symptoms as well as fungi. The only definite causative agents 
established by this method were rust and smut.* This is set forth in another 
' publication (Waldbott and Aschcr^). Thei*e were 7 patients who exhibited 
^ symptoms only at the height of the rust and smut season of 1938, and 12 who 
! suffered marked exacerbation at the time. 


i HOME SURVEYS 

\ Patients who suspected factors in their home surroundings as a cause of 
! tlieir allergic .symptoms exposed Sahouraud plates in their homes for a (luarter 
. of an hour on several occasions. Without exception these plates showed the 
; a^ual growth of fungi, but no abnormal predominance of a single species could 
j IsG found. These patients were retested after the identification of the growth on 
i plate, and treated if the respective fungi produced positive reactions. Again 
j !ioclcar-eut relationship was established between the fungus encountered in the 
( patient’s home and his symptoms. This is in line with the fact that, as mcn- 
‘ above, in simultaneous exposures at 23 different habitats no qualitative 
I ‘ ifference in the gro^vth was noted. 


; DISCUSSION 

{ Evidently the prevalence of a certain fungus in the air docs not necessarily 
I JJiucule with its actual clinical significance. Some fungi exhibit greater anti- 
others. Alternaria, for instance, as was also pointed out by Fein- 
1 Pratt,® gave the strongest skin reactions. Penicillium. which out- 

• ^ ju cred all others in the cultures recovered from the air and mucous secretions, 

' y- important clinically. Epidermopliyton, which grew very 

plates, ranked foremost among the fungi as far as skin 

j ■ is concerned. 

Mljiljr of the more pronounced antigenic activity several pos- 

Alost of the fungus spores giving the strongest skin 
*■ larger in size than the weaker reacting ones. Pnst and most smnts 

i being local ii-ritants when iu contact with tlie mucous iiiem- 

■ latter fungi show a seasonal appearance and partial or complete 

■' ’ '• do not grow on Saboumiid plates. TIiok presence was determined by a 
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absence from the air during the balance of the year. There is iisimll}' a sudden 
increase in their eoneentration when they first appear in tlie air. Al! ikst 
features are known to account for more pronounced symptoms -wilh pollen. 

Time respiratory sensitization due to one single fungus was encoiinteied in 
only a few cases. This is in agreement with the scarcity of similar reports in the 
literature. But fungus infections (mycosis) , which may or may not be associated 
with allergj’, were found in a considerable number of cases. Since they cannot 
always he distinguished from true ’ allergic asthma and sinus diseases, tbciv 
incidence in this series cannot be given. The patients exhibit such symptoms 
as wheezing, coughing, nasal and sinus catarrlis wliich arc often seasonal, usually 
oeenrring in late fall. Episodes of low-grade fever may occur. A family back- 
ground of allergy and eo.sinopliilia in bipod and re-spiratoiy secretions may or 
may not be present. Skin tests for other antigens are negative. The responsible 
fungus gii'es positive skin reactions, the degree of which varies with the difeek 
stage.s of tlie disease. Repeated detection of the same fungus in the cultures 
is the chief diagnostic ei'itcria. Occasionally the x-ray appearance of the chest 
may permit the diagnosis, there being an excessive enlargement of the hilum 
shadow's and small .sliarply delineated focal lesions, e-spccially in the iorver poi 
tions of the lungs w'hich gives the lungs a peculiarly mottled appearance, cca 
sionally there are fungus lesions on the skin, especially in the bodi fol s, rom 
w'liieh the organisms can he grown. Oral and intravenous administration o 
iodides may be of diagnostic value since it often affords prompt clinical improve 
ment in certain fungus infectious. 


SUJIMARY 

1. The role played liy fungi in respiratory allergy' (asthma 
nasal disease) was investigated by an atmospheric survey of fungh 
study of 841 patients with upper respiratory allergy was made. 
covered inlradermal skin tests, fungus cultures, and microscopic exa 
of nasal and bronchial secretions, a Mlow-np of the dates of 

toms bj' means of “symptom calendars,” and fungus surveys in 

• rUncrccntoftheSfl 

2. Skin reactions to one or more fungi were positn e m P . jg 

allergic patients. Few'cr positive reactions were ^ .on^est 

pollens and epidermals, but about as many' as to foods. is s i o 
reactions to fungi occurred in patients who also reacte s lono . 

other antigens. _ iiicilliiim, 

3. In the cultures from nasal and bronchial secretion^ ^^ovemhei’ ft"?' 
ternaiia, Monilia, and yeast prevailed. During October an 

grew' more abundantly' from the respiratory' secretions than a ^ ^ jiaPitafs of 

4. Plates exposed in patients’ homes revealed no characteri 

fungi in any single case. _ .unt resphatoO' 

5. The follow'-up of the dates of sy'mptoms indicates ^ j-pgting factors 

due to one single fungus is very' rare. More often fungi paring 

in multiple sensitive patients with asthma and vasomotoi ^ /i-’ 

summer months the most common offenders are smut, ov 
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Midi they .should lie j,dvcn .special consideration in the treatment of hay fever. 
Penicilliuin, which was by far llic most common funjrus found in the atmosphere, 
homes, and mucous secretion.s, was of relatively minor sij^nificance clinically. 

6 , Some of our cases were found to simulate merely astlima and vasomotor 
rhinitis. They represented true fungus infections. The diagnostic criteria in 
thc.se cases are outlined. 
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A COMPAKLSON OP SURFACB TENSION AIEA.SUREMENTS AND 
hemolytic activity of guinea Pit: f:OMPLEAIENT* 


J- E. Pauhr, Jr,, P/r.D., a.vu Jj. A, Black, Pt/.D., CoLu:ai: Park, AId. 


^XPJjANATIONS of immunity reactions have i'rciiuently been based upon 
the colloidal nature of sera. The inactivation of complement by heat or 
tsposurc to ultraviolet light has been reported to cause an alteration of colloidal 
'*tal{! mea-surahlc by a lowering of surface tension.'' ■* Injections of experimental 
Slum, ih with foreign protein.s, hactena, and gum shellac"' have been reported 
' cerc^ase surface tension, probably througli some cliange in physicocliemical 
Jl’iiiihrium within the serum, and probably not due to tlic presence of antibodies. 
1^1^^ t’JD'e usually been recorded a.s “lime drops,” the difTerence 

_ ^L'cn initial or dynamic surface tension and .static surface tension measured 
^ a two-hour period wlicn all surface active substances are adsorbed in the 
^ince a variation in complement potency might be con-elated 
a C'hangc in surface tension, the time drops of a number of sera were de- 
anned during a study of guinea pig complement. 

lo loses its hemolytic activity when heated to bC® C. According 

several investigators reported tliat during lieating there was an ag- 
particles which lowered tlic surface tension. Ujion standing, the 
spontaneously reactivated it.self, accompanied by a gradual restora- 

''•ariflinfr 

^ 

inaeliviation of complement, probably by coagulation, but 
- — Ihis is aecomiianied by a drop in surface tension was not investigated. 


^ Mirfnce tension. The gradual detcrionition of unheated complement on 


of IJactcrIolog)'. University of SIar>'h‘n(l. Collese Park. 
I'ubllcatlon, June 10 , 1940 . 
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Schmidt- reported that the surface tension of a serum did not permit any 
inference to be drawn as to its complement activity. Segale® verified a lower- 
ing of surface tension upon lieating or aging serum. Ultramicroscopic examina- 
tion revealed aggregates of particles, whose removal restored the surface tension. - 
The addition of these to fresh sera lowered surface tension but did not change ■' 
the complement activity. Neither Schmidt nor Segale used the du Noiiy tensiora- ’ 
eter. Brooks,^ using a Traube stalagmometer, found a slight decrease in surface •• 
tension of complement after inactivation by ultraviolet light, but believed this ■ 
was like that found after thermo-inactivation and not the cause of the change in 
hemolytic power. 

]\Iueh work on surface tension of serum was done by du Noiiy wlio, through ; 
immunization experiments, showed that sera of immune animals gave a greater - 
time drop than normal animals.®’ ® Sera of immunized animals reached a nia.xi- ; 
mum time drop in about thirteen days, then decreased and finally disappeared 
in about thirty days, with further immunization of the same or different kind 
causing no more change. Thus the injection of an antigen resulted in a physico- 
chemical disturbance measurable by an increased time drop, possibly independent 
of antibody formation. 

Yagle' found little value in surface tension measurements of normal ami 
.syphilitic, sera and concluded that reagins were not more surface acthctian 
other substances in normal sera. 

RamsdelP used a du Noiiy tensiometer for surface tension measurements 
to obtain evidence of a denaturing effect of precipitin reactions^ upon ei^ 
antigen or immune serum, and obtained negative results. He saoucc 
creased time drop with serum from .sensitized guinea pigs and 
antibody formation could not he involved since the sensitized state le 
after the surface tension of the serum had returned to normal. 

Following the intravenous injection of gum shellac, Hajman : 

increased time drop and believed this indicated changes in the pnsic 
state of pilasma. 

EXPERIMENTAL 

Guinea pigs were lightly etherized and 2 c.c. of heart s tiihc. 

withdrawn for complement. This was placed in a sterile agg u 
slanted, allowed to stand at room tempera tuz’e for one hovu, aR 
in a refrigerator (7° to 9° C.) for twenty-four hours betoie le Peniolysin, 
termined. Each sample was centrifuged to obtain clear serum, 
which had a titer of 1 ;6,000, was obtained from Difeo La oia o 

Corpuscles were obtained from a ewe, blood from the a sterik 

aseptically aspirated into a 30 c.c. syringe, immediately the hko*^’ 

flask containing glass beads, shaken for about ten minute to e ^ 

and refrigerated. The defibrinated corpuscles were xvas le i ja a 

times or more, packed by centrifuging for twenty minutes, a^ 

50 per cent suspension, refrigerated, and used within tv o ay^^ Tliroagh- 
were made up to a 2 per cent suspension in saline for use m p,.epare<l 
out the work all diliutions w’ere made with day-old sa me j^gde op 

8.5 6m. of C. P. sodium chloride and 0.1 Gm. of magnesium 
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1.000 e.c. -with cold tap' water, and autoclaved for thirty minutes at 15 pounds 
pressure. 

Co?nph))ifJif ritrafioH.— The complement was titrated by <letermminfr the 
least amount necessary to bring about complete hemolysis of 0.5 e.c. of a 2 per 
cent suspension of sheep cells in the pre.scnce of two nnit.s of liemolysin contained 
in05c.e. The complement was diluted 1:10 and varying amounts were used, 
ransing from 0.06 to 0.30 c.c., with 0.02 c.c. intervals. The total volume was 
made up to 3 c.e. with saline; saline, hemolysin, and complement controls being 
set up for each titration and titei*s recorded after a one-hour incubation in a 
crater bath at 37° C. 


iiurjficc Tcnfnon Dctcnninfifion . — Sera for surface tension measurements 
diluted with 0.9 per cent saline, made witli C.P. sodium chloride in distilled 
^atw. Ail gias.swaro used in measuring surface tension was soaked for several 
days in cleaning solution, thoroughly innsed in distilled water, and dried before 
Determinations were made with a du Xouy tensiometer.'- using 1.5 c.c. of 
diluted serum placed on a watch glass 7.5 cm. in diameter. A measurement 
made in about twenty seconds, and after the initial reading the watch glass 
t^asset aside for two hours before the second or static reading was made. Sub- 
tracting the first reading from the second gave tlie time drop. The samples of 
'cra ^vere fii'st titrated and the surface tension was then determined after an 
interval of not more than sis hours. 

Preliminary surface ten.sion mea.snrement.s asing undiluted serum and 
illations of 1 :10, 1 ;100, 1 ;1,000, 1 ;5,000, 1 -.lO.OOn. and 1 :100.000 showed the 
createst time drop was at a dilution of 1:10,000. thus agreeing uith du Nouy's 
t^^itltson normal and immune .sera. Accordingly, all time drops are reported on 
(liiutions of 1:10,000 and at the end of a two-houv period since eciuilibrium is 
cached in approsimately this time. All measurements were made in a small 
room free from jarring and air currents, and at a temperature between 21° and 
■^1 C. Between 10 and 15 samples were tested at one time 

•S’fimplfs. — Samples of sera were obtained from pregnant female, nonpreg- 
female, and male guinea pigs. Only normal guinea pigs were bled, and 
I varied between 250 and 900 Gm. Feed was removed for eighteen 

JJUrs before bleeding to avoid chylous sera and only clear sera were used, 
•amples 1 to 27 were sera of males, the ne.xt IS were taken from females that 
obviously pregnant, and the last 7 samples of sera were from pregnant 

2nimaU. 


^ The surface tension measurements and hemolytic titers of 52 guinea pig 
we presented in Table I. The males, pregnant and nonpregnant females 
separately, and the sera are grouped according to titer. Only the time 
' and the titers are tabulated. 

The differences in time drops of .sera from individual males placed in the 
tiroiip according to titer, and the fact that the differences in time drops 
hi potent and least potent sera were no greater than those found 

group, show that the surface tension measurements were with- 
j:, ^ to hemolytic activity. Likewise no definite relationship between 
1 tension measurements of either pregnant or nonpregnant 

‘ ^ ^ sera could be established. 
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Table I 

CojrPARisox OF Surface Tension and Titer of Guinea Pig Complemext 


males I 

FE.MALES (NONPREGNANT) I 

FEStALES {PKEGXAXT) 



TTAFR 7>ROP 


TITER 

TIME DROP 

; SERUM 

TITER 

TIKE CHOP 

SERUJI 

TITER 

(DYNES) 

SERUM 

(DYNES) 

(DTXES) 

16 

O . OG * 

12 . 4 * 

39 

0 . 10 * 


1 52 

0 . 18 * 

14.7* 

23 

O.OG 

12.9 

! .* J 7 

0.10 

8.0 

\ 






36 

0.10 

13.4 

50 

0.20 

12.(1 

20 

O.OS 

7.4 




40 

0.22 


7 

0.08 

S.O 

31 

0,12 1 

10,0 

o.o 

12.0 

1 

0.08 

9.7 


1 


51 

0.22 

19 

O.OS 

lO.S 

28 

0.14 

12.3 

48 


12.6 

26 

0.08 

11.0 i 

44 

0.14 

16.8 

0 . 21 ) 

24 

0.08 

11.2 1 

29 1 

0.16 

12.7 i 

47 

0.30 

9,0 

.S 

0.10 

6.. 3 



40 1 

1 

0 . 30 r 

17.0 

1 

1 0.10 

7.0 

38 

0.1 S 

10.4 




2 

0.10 

7.1 

r>o 

0.18 

12.5 




15 

0.10 

8.4 



7.8 

i 



18 

0.10 

8.5 

33 

0.20 




10 

0.10 

0.3 

45 

0.20 

8.6 




21 

0.10 ' 

9.5 

35 

0.20 

9.0 




25 

0.10 

12.1 

30 

0.20 

15.1 



! 

17 

0.10 

13.2 



15.9 




22 

0.10 

■ 14.0 

42 

0.22 




27 

0.10 

14.3 

43 

0.22 

18.0 




9 

0.12 

5.3 

40 

0.24 

12.1 




5 

0.12 

8.2 

41 

0.24 

12.5 




O 

v » 

0.12 

8.4 



10.0 




4 

0.12 

9.0 

34 

0.20 




0 

0.14 

8 .S 







14 

0.14 

11.4 







12 

0.10 

11.1 








♦Surface tension measurements were made ■with sera dilutions 
1 ;10 dilutions. 


Time drops of the same value wei’C obtained in tlie tliiee 
irrespective of titer. If all time drops and titers are can 

their source, sueli vide variations are apparent that no e n^ jj-ops the meai' 

the surface tension 


be found. The two female groups tended to show greatei time 
ing of which is obscure. Pregnancy might interfere viti , 
of sera, but this apparently did not account for the nonpiegnan 


.SUJIJIARY ^ 

Tlie hemolytic titers of 27 male guinea pigs females 

17 being O.OS or 0.10 c.c. On the whole, the titers of the RP’* selected 

wei’e loM'cr than those of the males, possibly because these O.lO 

from smaller animals. The highest titer obtained fiom t lese 


)m „ p,pcc 

aislribntccl betivccn tlieso 


niinea pig 


elements 


drops in some 


cs- 

in- 

iialcs 


c.e., and the lowest was 0.26 c.e., tlie IS samples so 
titers that no one titer group predominated. 

Pregnancy definitely lowered the titer of 

amined. However, the surface tension as meas 

stances were no greater than tho.se recorded for of seim h'®”' 

Avith materially higlier titers. NcA'crtheless a larger peiec 
females had higher time drops than those from males, ij.gpg of less tlmn 1 
A larger percentage of sera from males shoved females. 

dynes than ivas recorded for either pregnant or nonpieo 
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j»r cent of the males sliowecl a time drop of less than 10 dynes, ivhile approxi- 
mately 27 and 30 per cent of nonpregnant and pregnant females, respectively, 
liad time drops of less than 10 dynes. 

It must be concluded that the surface tension, expressed as time drop, of 52 
samples of guinea pig complement measured with a du Noiiy tensiometer, showed 
no correlation with hemolytic activity. 
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j the effect of carbon tetrachloride and thyroxin on 
j the development op sensitivity to egg albumen and 
kagaveed pollen extracts in the guinea pig* 


Charles L, Dkxham, JI.D., Chicago, III. 


present study was uiidertahen to determine whether acute anaphylactic 
shock in the guinea pig produced witli extracts of low ragweed pollen might 
* ncMeved more certainly and consistently than iiad been reported by other 
'wrker.s.'-» Eagle and co-workers* have demonstrated tliat by employing ade- 
I'late doses of extracts of low ragweed pollen approximately 50 per cent of 
f'lmea pigs might he sensitized to such a degree that fatal anaphylactic shock 
be induced. We decided to attempt sensitization of our animals at a 
"ae Mien were undergoing profound metabolic disturbances. Under these 
™»mtions rapid destruction of the antigen or overproduction of antibodies, 


latfors 


conceivably having an adverse effect on the development of a high 


||'Vce of sensitivity, might be altered. Carbon tetrachloride was chosen as one 
.wt because it injures the liver, an organ containing an important part of 
«__wtieulo.cndothelial system. Tljyroxin was used in another experiment 

TJeiiartment of Medicine, University ot Chicago. 
cKed for Publication. June 10, 1940. 
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because of its effect on tlie metabolism of the organism as a whole. Betaase 
attempts to affect tlie development of sensitivity by pi'odueing metabolic dis- 
turbance in the test animal at the tjjne .sensitizing do.ses of antigen were ad- 
ministered liave been almost exclusively limited to extirpation of organs (Hiii 
and jMartin"), it seems worth while to repoi’t these studies. 

There iias been to our knowledge only one study on the possible reiationslnp 
of liver necrosis to expei’imental anaphylaxis. Paul and BotJi,’” using ])iio.v 
phorns as t he toxic agent in guinea pigs, produced results which indicated that 
acute phosphorus poisoning interferes with anaphylactic slioek and that snhacutc 
phosphorus poisoning pr esent at the time of sensitization prevents the acquisition 
of sensitivity to liorse serum in 50 per eeiit of guinea pigs. One other .stiidr is 
of interest in this connection. Mills and Dragstedt,’* in an effort to blockade 
the reticulo-endothelial system of tlie liver, ohstnicted tlie common bile duct and 
produced a biliiaihinemia in eight dogs. This treatment did not prevent ana- 
phylactic shook. In all but one instance the operation was done at lea.st one 
week after the sensitizing dose of horse serum had been given. In one dog the 
common bile duel was obstructed two days prior to sensitization. This anima 
was successfully sliookcd twelve days later. No statement was made as to the 
presence or ab.sonce of necrosis in the livers of these dogs. These woiieis haic 
also demonstrated that blockading the reticnlo-cndothelial system with 
and saecharated iron oxide will not prevent anaphylactic shock in dog.s. 
discussed the conflicting reports of results of blockade in small animals, as .suw 
marizod by Hill and Marlin. Citing some experimental work of t len 
they concluded that it is important to administer the shocking dose o lo 
serum intravenously. The prior injection of dyes seemed to affect a )soiP 
of the antigen from the peritoneal cavity. It seemed worth Yhilc, 
investigate the possibility that nonspecific disturbances of j'of 

promote sensitization. We, therefore, administered the sensitizing ° ^ 

antigen at the time of the maximal effect of nonfatal carbon te lae 
poisoning. , on 

Kepinow and Lanzenherg,’^* studying the effect of 
anaphylaxis in guinea pigs, concluded that if thyroidectonu th.rvoid- 

prior to sensitization procedures no sensitization resulted, bu gliocking 
eetomy done twenty days after sensitization and seven days piyvokl 

did not inhibit anaphylaxis. Moreover, thyroidectomized anima s passive 
substance during the period of sensitization died of anaph.ylactic sioe 
tran.sfer studies confirmed their opinion that normal thyroid 
tial to the production of anaphylactic antibodies, hut do not 

phylaetie shock.”- Appelmans^® reported a few experimen s v 
confirm this view. Pfeiffer,^' however, was able to substantia e ^eusitizin? 
Kepinow and Lanzenbevg. It seemed possible, therefore, ^ profoiw^l 
doses of antigen at a time wlien the animal was resuk 

metabolic disturbances induced by a single massive dose of t \>rQxi 
in the sensitization of a gi-eater proportion of animals. 

jiethods . . 

4 ! + 1 ,., Uvpv in guinea pi"* • 
Phelps and Hu^® produced definite necrosis of tlie ^ rnjotrram of ho4'' 

the oral administration of 0.66 c.c. of carbon tetrachlori e pei 
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ivciglit. We determined, in a series of jireliminavy studies, that in guinea pigs 
weighing over 400 Gm., 1.0 e.c, of carbon tetvacliloride per kilogram of bod.v 
weight would regularly produce a definite necrosis of the liver demonstrable 
on the fifth and seventh days after subentancoiLs inoculation, Thi.s dosage proved 
to he too high, for in one series most of the pig.s died a day or two after receiving 
the initial sensitizing doses of ragweed pollen extract, given at the time of, or 
jnit prior to, the e.xpccted maximum liver damage. In Experiment II a dose 
of 0.8 e.c. of carhon tetrachloride per kilogram of body weight was used. For 
small animals, of 300 to 400 Gm. body weight, 0 6 e.c. per kilogram was injected. 

The carbon tetrachloride wa.s administered subcutaneously as a 50 per cent 
solution in olive oil. 

The thyroxin solution was prepared freshly a few minutes prior to sub- 
ctilanoons inoculation by dissolving 10 mg. of Squibb ’s crystalline thyroxin in 
one drop of 1 N sodium hydroxide and then making it up to 10 c.c. with distilled 
water. The egg albumen was a 1 :10 dilution of fre.sh egg albumen in idain 
physiologic salt solution. 

Pollen extracts were prepared by adding the desired amount of low ragweed 
pollen obtained from Ktiapji and Knapp to an amount of physiologic sodium 
chloride solution sufficient to give tlic desired concentration. This mixture was 
iicpt at room temiieraturc for two hours during which time it was agitated re- 
peatedly, It was then placed in a refrigerator The following day the mixture 
"as filtered through a storilo Seitz filter. The extract was then ready for use. 
Extracts used for sensitizing were kept in the refrigerator for as long as five 
fiays after iireparation. Extracts used for .shocking were jirepared freshly for 
each day’s experiments. Extracts of a 1:20 concentration contained approxi- 
mately 0.72 mg. of nitrogen per cubic centimeter, and the 1 :10 e-xtraot.s, 1.5 
ms. of nitrogen per cubic centimeter. All sensitizing doses were administered 
"itraperitoneally. The shocking doses were given into tlie jugular vein of the 
imantethctized animal. All the guinea jiigs used in these experiments were kept 
on a diet of gi-onnd "Alfa Rabbit Flakes’’ with daily greens in the form of 
lettuce, celery tops, and occasionally cabbage. The animals were weighed at 
the lime of their first inoculations. With the exceptions noted later they were 
”1 pood health for the duration of the exi>eriments. 


F.XPEKIJIENTAL 


Experiment I. Eight guinea pigs, weighing from 450 to 680 Gm., were 
Sivcii 1 c.c. of carhon tetrachloride per kilogram of body weight. On the third 
®d sixth days following, 0.5 e.e. of a 1 :10 egg albumen solution was injected 
wttaperiloneally. On the twenty-first day after the last injection 0.5 c.c, of a 
egg albumen solution was given intravenously'. Six animals died within 
>' mituites of the injection in t.vpical acute anaphylactic shock. Autoijsy eon- 
'Biicd the diagnosis. Treatment with carbon tetrachloride did not interfere 
"'•h the development of .sensitivity to egg albumen, 

Esi)criment II. (Table I) We next treated 6 male and 6 female guinea pigs 
lioV ‘’‘'’’’h’O'' teti-achloridc per kilogram of body weight. Sensitizing 

C.S of a 1 ;20 extract of low ragiveed pollen were given on the third, fiftii, and 


1:10 

four 
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seventh days following administration of the carbon tetrachloride. Simultane- 
ously a similar group of 12 control animals was given sensitizing doses. One 
animal (206) in the first group died of hemorrhage, the result of administra- 
tion of the first dose of pollen extract on the third day following hijection of 
carbon tetrachloride. j\Iieroseopie study of the liver from the animal shoved 
a large accumulation of fat and considerable necrosis about the centers of the 
liver lobules. The shock doses of fresh 1 ;10 extract of low ragweed pollen were 


Table I 
(Experiment II) 









1:20 

EXTRACT S.B.W.t 

GUINEA 

PIG NO. 

SEX 

. .. . .. 

^YT. IN 
CHAMS 

3/.3/39 
50% CCl, IN 
OLIVE OIL 

3/0/39 

3/7/39 

p 

3/9/39 

207 

F 

450 

0.75 

c.c. 

S.C-* 

D 


B 


B 

E MHi 1 

211 

F 

500 

0.8 

c.c. 

-S.c. 

B 


B 



R KWi 1 

200 

F 

CIO 

0.8 

c.c. 

s.c. 


Hied from hemorrhage 

205 

F 

470 

0.77 

c.c. 

s.c. 

1 

C.C. i.p. 

1 

c.c. i.p. 

1 

c.c. i.p. 

210 

F 

420 

0.7 

c.c. 

s.c. 

1 

c.c. i.p. 

1 

C.C. i.p. 

1 

c.c. i.p. 

222 

F 

470 

0.77 

c.c. 

s.c. 

1 

c.c. i.p. 

1 

C.C. i.p. 

1 

c.c. i.p. 

252 

iU 

440 

0.7 

c.c. 

s.c. 

1 

c.c. i.p. 

1 

C.C. i.p. 

1 

c.c. i.p. 

272 

M 

400 

0.75 

c.c. 

s.c. 

1 

c.c. i.p. 

1 

C.C. i.p. 

I 

c.c. i.p. 

251 


440 

0.7 

c.c. 

s.c. 

1 

c.c. i.p. 

1 

c.c. i.p. 

1 

c.c. i.p. 

314 

AI 

450 

0.75 

c.c. 

s.c. 

1 

c.c. i.p. 

1 

C.C. i.p. 

1 

C.C. i.p. 

207 

M 

400 

0.05 

c.c. 

s.c. 

1 

c.c. i.p. 

1 

c.c. i.p. 

1 

c.c. i.p. 

263 

M 

400 

0.75 

c.c. 

s.c. 

1 

c.c. i.p. 

1 

c.c. i.p. 

1 

c.c. i.p. 

203 

F 





1 

C.C. i.p. 

1 

c.c. j.p. 

1 

c.c. i.p. 

220 






1 

c.c. i.p. 

1 

c.c. i.p. 

1 

c.c. i.p. 

221 






1 

c.c. i.p. 

1 

c.c. i.p. 

1 

c.c. i.p. 

213 


530 




1 

C.C. i.p. 

1 

c.c. i.p. 

1 

c.c. i.p. 

223 

F 

500 




1 

c.c. i.p. 

1 

c.c. i.p. 

1 

c.c. i.p. 

21S 

F 

400 




1 

c.c. i.p. 

1 

c.c. i.p. 

1 

c.c. i.p. 

274 

JI 

440 




1 

c.c. i.p. 

1 

c.c. i.p. 

1 

c.c. i.p. 

269 

M 

430 




1 

c.c. i.p. 

1 

c.c. i.p. 

1 

C.C. i.p. 

254 


440 




1 

C.C. i.p. 

1 

c.c. i.p. 

1 

c.c. i.p. 

259 

M 

450 




1 

C.C. i.p. 

1 

c.c. i.p. 

1 

c.c. .i.p. 

270 


530 




1 

c.c, i.p. 

1 

c.c. i.p. 

1 

c.c. i.p. 

273 

111 

440 




1 

c.c. i.p. 

1 

c.c. i.p. 

1 

c.c. i.p. 

262 

AI 

400 

0.7 

c.c. 

s.c. 







225 

255 

M 

M 

390 

430 












KESPON'SE 


s/so-ao/s!) 

0.5 C.C. 1:10 EX- 
TraCT OF SM.ML 
R.wwEED ixm- 
VEXODSLY 


None 

in 1 minute 

None 

None 

Dentil in 3 niinnte.' 
None 

Died 3/21/39-reri- 
tonitis 
None 
None 
None 

Died 3/21/38-pw‘- 
tonitis 


None 

Death in 5 
Death in 31 
Death in 31 
None 

Death in I! 
None 

Death in S.l 

None 

None 

Death in u 
None 
None 
None 
None 


minutes 

minutes 

minutes 

minutes 

minutes 

5 minutes 


‘Subcutaneously, 
tlntraperitoneally. 
tLow ragaveed. 


Table II 


(Experiment III) 

GUINEA 

PIG NO. 

SEX 

WT. IN 

GRAMS 


2/15/39 

2/16/39 

tract of 

PACWEEP 

DStirirr^t- 

Death in 2 minute- 
None 

None 

Slight SFuiiptogL— 

2:15 P.M, 
MG. 

THYROXIN 

4:00 P.M. 
C-C. 1:20 
EXTRACT 
S-K-W. 

2:30 P.Ji. 
1:20 EX- 
TRACT 

S.R.W. 

2:00 P.ll. 
1:20 EX- 
TFACT 

S.R.W. 

287 

289 

298 

217 

215 

209 

AI 

AI 

]M 

AI 

III 

M 

350 

370 

410 

350 

405 

345 

0.35 

0.35 

0.35 

0.35 

0.35 

0.35 

1 c.c. i.p. 

1 C.C. i.p- 
1 C.C. i.p. 

1 c.c. i.p. 
1 C.C. i.p. 

1 c.c. i.p. 

1 c.c. i.p. 

1 c.c. i.p. 

1 c.c. i.p. 

1 c.c. i.p. 

1 c.c. i.p. 

1 c.c. i.p. 

i c.c. i.p- 
1 C.C. i.p- 
1 c.c. i.p. 

1 c.c. i.p. 

1 c.c. i.p. 
1 C.C. i.p. 

































dunhah: sensitivity to egg albumen in GUIN'EA pig 


1607 


given intravenously on the twentieth and twenty-first days following the last 
sensitizing dose. The extracts were tested on normal animals for possible 
to.vicify, but the results were negative. As will he seen from Table I, 50 per 
cent of the animals not treated with earbon tetrachloride were rendered 
sufficiently sensitive to die in acute anaphylactic shock. Only 2 of the 9 animals 
treated with earbon tetrachloride, and surviving until the shock date, died from 
the intravenous injection. Apparently carbon tetrachloride as administered 
did not favor the development of sensitivity to extracts of ragweed pollen. 

Experiment III. (Table II.) Six guinea pigs, weighing 350 to 4.50 Gm. 
each, were given 35 mg. of thyroxin suhcutaneousl.v. Two, twenty-four, and 
forty-eight hours later, 1 e.e. of a 1 :20 extract of low ragweed pollen was given 
intraperitoneally. Three weeks later 3 of the 6 animals died in typical acute 
anaphylactic shock following intravenous administration of 0.5 c.c. of 1 :10 pollen 
extract. These results are similar to those obtained in the control group in Ex- 
periment II. 

SUMMABY 

1. Treatment of guinea pigs with carbon tetrachloride, and the administra- 
tion of sensitizing doses of egg altnimen at the time of maximal anatomic change, 
did not prevent the acquisition of sensitivity to egg albumen in 6 of 8 animals. 

2. Two of 9 guinea pigs given semsitizing doses of an extract of low ragweed 
pollen at a time when they were suffering from carbon tetrachloride poisoning 
died from t.vpical anaphylactic shock after intravenous administration of pollen 
extract twenty-one days later. 

3. Fatal anaph.vlactic shock was produced with simple saline extracts of low 
ragweed pollen in 6 of 12 normal guinea pigs. 

4. Three of 6 guinea pigs receiving sensitizing doses of extracts of low 
ragweed pollen at a time of maximal effect from a single massive dose of thyroxin 
died in typical anaphylactic shock after receiving the pollen extract intra- 
venously. 

CONCLUSION 

1. Carbon tetrachloride as employed in these experiments does not appear 
to inhibit the sensitization of guinea pigs to egg albumen. On the other hand, 
't does not favor the development of sensitivity to extracts of low ragweed pollen. 

2. Thyroxin, as used in these experiments, does not appear to affect the de- 
'dopment of sensitivity to extracts of low ragiveed pollen. 

3- Onc-half cubic centimeter of a simple saline extract of low ragweed 
pollen, containing approximately 0.75 mg. of nitrogen, is capable of producing 
bpical fatal anaphylactic shock in sensitized guinea pigs. 
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A CASE OF STRONGYLOIDES STERCOEALIS INFESTATION® 


George R. Bodon, M.D., Roche.ster, N. Y. 


T he incidence of Strongyloidcs stcrcoralis infestation is vai'e in tlie noitiein 
parts of the United States. Ginsburg reported a case in Pennsyh ama, ioi 
Cadham reported one in ^Yinnipeg, Canada. The parasite is more 
the subtropical and tropical countries and is quite common in the southein pai 
of the United States. Faust estimated that 6 per cent of the clinic popn a ion 
infested in New Orleans. . • 

The life cycle of this parasite belonging to the nematode group 
similar to the Ankylostoma duodenale. The female larvae live in the uoc^ 
and jejunum. From the eggs the rhabditoid larvae develop. These m 
either develop into the strongyloid larvae (infestating forms) 
female rhabditoid larvae. These copulate and the eggs burst into 
rhabditoid larvae, and the life cycle starts all over again. The infesta 
either through the skin by the strongyloid larvae or through the 
From the skin the larvae get into the blood stream, lungs, trachea, esop i 
the small intestine. Yoi-k 

The case presented here is of interest because it occurre m . jjs 
State where the incidence of Strongyloidcs infestation is rare an 
clinical aspects are unusual. 

^association ol 
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CASE HISTORY 

JI. JI., a 45-year-ol(l woman, vas bom in Italy and mig:atel to this country twenty 
jears ago with her husband. Since that time she has lived in East Rochestei. She has three 
children. 

She gave a long previous history of uncertain abdominal pain; she vomited at times and 
ivas pometinies jaundiced, the latter being only her own observation. For the.«e uncertain 
complaints she was hospitalized several times m different hospitals of this city and underwent 
three abiloniinal operations: in 1933 cholecystectomy and appendectomy, in 1935 and again 
in 19:tS exploiation for adhesions. All these operations showed negative findings. One 
blood count, however, done in 1933 showed an eosinophilia of Id per cent 






Fig. 2. 


Fig 1.— Rhabditold larva of Strongyloides stercoralis Low power. 

2— Oral end of the parasite a, Fiiat cylinducal chlatation. h, Second bulbous 
•hlatation with chitlnous y. High power 




Fiff. 3. Fis. 4 

^ig. 3. — Body part of the parasite with primitive genital organ (n). High power 
>g. 4. Tail end with anal opening (a). High power 

to St. Mary’s Hospital on Jan. 30, 1940, she complained of colicky pain, 
Pain'"^ •‘‘gld upper quadrant and sweeping across the abdomen to the left side. The 

nas also felt in the back. About one liour after the onset she vomited some bloody 
"latcrial 

tiiQ-i I'^'P’cal examination was essentially negative. Pressure in the left lower quadrant 
pain in the epigastrium. 

"liiteTr ^'^ood cell count and hemoglobin showed a slight hypochromic anemia. The 
25 ^ count ranged between (5,000 and 8,000, with a maiked eosinophilia of 25 to 

<?0‘^inophile cells. The urine was negative. Routine blood eliemistr}* and the 
^lann reaction were negative. 
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The first stool examination did not show anj- parasites, hut a large number of Charcot- 
Leyden crystals. The second stool examination after administration of a saline laathe 
showed numerous vimdly motile nematodes. These parasites were from 200 to 300 micron? 
long and showed inarhed wwiggling motions (Kg. 1). Under high power the oral end showed 
a short mouth which opens into the esophagus, showing first a cylindrical then a hulhon? 
dilatation followed by the intestine (Kg. 2). In the body on botli .side.? of tlie intestise 
ellipsoid structures could be seen constituting the primitive genital organs (Fig. 3). The 
tail end was pointed and on the base of tlie pointed tail a cuticular elevation was found which 
formed the anal opening (Fig. 4). On the basis of tliese characteristics tlie parasite could 
be classified as the first rhabditoid larva of StrotiffyJoides siercoralis. 

I kept the stool specimens for twenty-four hours in the incubator (37° C.) and hy 
examining the stool specimen I found that the larvae developed into the strongyloid forms. 
These larvae were much longer than the previous ones and showed well-coordinated boring mo- 
tions (Fig. 5). After these findings repeated stool examinations were performed and larvae 
were always found to be present. Gastric analysis and sputum examinations were also done, 
but these did not reveal the piresencc of parasites. A skin test with trichinella antigen was 
positive in 1:1,000 dilution (group reaction). 

The treatment consisted of duodenal lavage and gentian violet tablets, 1 grain three 
times daily. The patient was not very cooperative; she left the hospital and repeated stool 
examinations still show the presence of the parasite. 



Fig:. 5.— Strongyloid form of the parasite. Low power. 

The stools of the husband and the children were also examined, and jliowed 

found to be present in the husband's stool. The blood count of le^ could 
eosinophilia of 10 per cent, but otherwise he did not show any .sjmp oai. 
related to the presence of the parasite. 

DISCUSSION 

Both iiidividuals undoubtedly acquired the parasite m ■*. ‘jJjtestines a" 
presence of the parasite is luiown, and they harbored it in t eu m , jIip 
the time. In the Irasband it seemingly did not cause any symp gn 

slight eosinophilia. It is somewhat more difficult to relate t le ^ 

etiologic factor to the clinical symptoms in the Avoman. ® * miditioh' 

toiy of an initial itch or eczema at the time of infestation. T ns 
ever, may be easily oveilooked by' a woman doing heavy housew 
other hand, the infestation may have occurred hy mouth. accepted 

According to the literature, the Strong ijJ aides sfcrcai a?i5 is^ so-cnlk'^ 
as a causative agent of diarrhea. The first cases reportet I'ei fgfa! 

“Cochin-China” dian-hea in soldiers by Normand. There aic a ,vere 

eases of Strongjdoidosis reported in which post-mortem exam 



BODOX; STROXGYLOIDES STERCORAUS IXFESTATiOX 


1611 


performed. Ophuls found the larvae in the intestinal -wall and in the mesen- 
teric lymph nodes. Gage found them in the lymph spaces of the duodenal wall. 
Procs found them in his case in the pleural effusion, pericardial fluid, and in the 
Hood. 

Both types of larvae have very intensive motion capacities, and there is no 
reason why they could not get into the channels connected ivitli the gastrointes- 
tinal tract. It is very easily possible that the parasite might get actively or 
passively into the lumen of the appendix and even without causing a true “ap- 
pendicitis,” through the irritative action of their presence cause appendicular 
coTie which might he easily interpreted as an acute appendicitis. 

In the same manner they might migrate into the gall ducts or the gall 
Madder and cause symptoms of a gall-bladder disease. Nisbet reported a case 
in whicli the worm caused ohstruetive jaundice. There is no reason why they 
could not get in the same manner into the pancreatic duct and add to the 
nneertainty of the abdominal symptoms. 

The negative findings of tlie removed surgical siiecimens and the negative 
findings at the explorations, together with the preservation of the symptoms 
after the operations, are enough pi-oof that the patient did not have a true 
cholecystitis or appendicitis or any other condition which would have resulted 
in pathologic changes of the abdominal organs. In, my opinion the uncertain 
abdominal symptoms were caused by the presence of the parasite. As far as 
her present symptoms are concerned, tlie question is undecided as to whether 
they are caused by the presence of the parasite or whether they are only neurotic 
'etinclae after her three previous abdominal operations. It is a known fact 
that individuals harboring parasites develop severe neuroses. 


A case of an Italian immigrant woman is presented in which the stool ex- 
aminations revealed rhahditoid larvae of Strongyloides stcrcoralis. 

It may be assumed that the parasite caused uncertain abdominal symptoms 
lor which the gall bladder and the appendix were removed. Later two lapa- 
fotoraies were performed for the persistence of symptoms, which wercithonght 
I® he due to postoperative adhesions. All operations resulted in negative find- 
ings. 
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RELATION OP THE MACRONUCLEOLUS AND NUCLEONUCLEOLAH 
RATIO OP CANCER TO HISTOLOGIC GRADING^ 


Antonio E. Mendes Perreira, M.D.t 
Rochester, Minn. 


T he pathologic diagnosis of cancer has interested many students, and the 
practical value of such a diagnosis depends on the early recognition of the 
condition. Por this reason, the attention of pathologists during the last few 
years has been focused on the cell as the unit of cancerous tissue. Because there 
has been no reliable chemical or sei-ologic test for cancer, the proper treatment 
lias been liased on an early clinical suspicion of the disease, its early pathologic 
recognition, and the determination of the degree of malignancy. Since Viiehow 
established cellular pathology, jiathologists have tried to find in the cells of the 
cancerous tissue some signs on which they could rely for diagnosis, paitieu ai \ 
in the early stages of the disease. 

After reading the papers of MacCarty dealing with the diagnosis of eancer 
on the basis of the macronucleolus of its cellular constituents, and the 
of Broders on the grading of malignancy according to the percentage o ce 
differentiation. I began to study many specimens of fresh cancerous tissue. ^ ' 
work of MacCarty and the work of Broders not only are of great piactica 
but also are very interesting from a scientific standpoint, and are c ose j ‘ 

The more slides I studied, the more strongly was I convinced that leie 
really a cancer cell wliich had a markedly increased nucleolai su s 
that in the great majority of cases the amount of that substance vanec ac 
to the degree of malignancy. It was on this basis that the piesen 
done. It attempts to prove that there is a marked increase of nuc w ar 
in the cancer cell and that the amount of this material is diiect 5 pioP 
to the degree of malignancy. i ' and 

The presence of one or more lax’ge nucleoli in the cells of em ,,g(ivc, 
regenerative tissues, and in any normal tissue which is metabo ca } 
suggests that the increased size of the nucleolus is a direct of 

great cellular activity. As cellular division is one of the gieates 
cellular activity, it seems reasonable to admit that any con ition yarinlioa 
lar division is active would afford good opportunity for stu 3 nio^ j^outlis were 
in the size of the nucleolus. It was with this in mind that Tissue cul- 

spent trying to make normal and cancerous tissues grow m u .-ind 

tures are, perhaps, the best field in which to study ce u ai fosl)io" 

cellular division, because cells in vitro giw without ho } I'C' 

somewhat comparable to the growth of cancer in the hoc 3 . ^ fg^v 

cause of technical difficulties very few of the cultures „f cultnrcs 

that grew eonfii’med what has been seen in pictures an c esc 

•From the Mayo Clinic, Rochester, Minn, 
tNorv residing in Lisboa, Portueal. 

Received for publication, June IS, 1940. 


1C12 



FKRREIRA: ratio of cancer to histologic GRADIN(} 


1613 


of tissues in vitro — largo cells, which Iiad a large nucleus and very large 
nucleolus. 

In 1851 Lehert pointed out that cancer cells possessed one or more large 
nucleoli. ])Ut Vogel, Bennett, and Virchow did much to obscure liis work, and 
the macronuclcoliis in cancer cells was entirely forgotten until ]\IacCarty in 
1923,“ after an exhaustive and interesting research again called attention to 
the importance of the macronucleolus in tlie diagnosis' of cancer. In a series of 
papers written from 1923 to 1937, MacCarty^”*- described the “cancer cell” 
and stressed its characteristics (splieroid or oval form, large nucleus, single or 
miilfiple large nucleolus, and low mielooniieleolar ratio), as well as a manner 
of distinguislung the cells of tertiary eytoplasia from the colls of secondary and 
primary eytoplasia (IMacCarty). However, he repeatedly said that cells of 
secondary eytoplasia and cancel* cells arc morphologically very much alike; 
the only difference is that the former remain in tiic acini while the latter in- 
vade the surrounding stroma. iMacCarty and his co-workers continued their 
study of the nuelconuclcolrr ratio.s in malignant and nonmaligTiant tissues. In 
1933 JIacCarty, Ilaumedcr, and Berkson made a preliminary rejiort on a series 
of actual Tucasurement-s of the nuclear and nucleolar areas and corresponding 
ratios. They expressed the opinion that the difference between the nucleolar 
area.s in malignant cells and nonmalignant cells is greater than that between the 
nuclear areas. They said that tlie niicleonucleolar ratio in malignant cells varies 
from 1 :5 to 1 :17, while in nonmalignant colls the ratio varies from 1 :13 to 1 :45. 

In the latter years nuclear and nucleolar areas with the corresponding 
ratios have licon determined in different organs obtained in the laboratory of 
JjacCarty, by llaumeder, JlcCormaek, K’aldu. Strolil, Kaump and Fairchild, 
Ivroezc, Coheh, Lofgren, Pago, Smith, Campheil. Farthing, and Frugoni. All 
fhese authors have definitely confirmed the work of MaeCarty."’ who recently 
submitted a paper for publication in which he eoiulenscd the results of their 
biometric studies. Similar observations have been made by Stenius, Castren, 
Maxell, Quensel (1928), Karp (1932), Fidlor (1935), and Von Ilaam and Alex- 
fimler (1936). 


DlacCarty recently said: “Micioscopic grading Ims been in existence ever 
^>nce tissues and tumors have been .studied with the aid of mieroscoiies. ” How- 
one can say tliat the re'al microscopic grading of tumors liegan in 1920,^’ “ 
Allien Brodors made liis first report on the subject. In 1925, after nine years’ 
•'xpcrience in the grading of epitlieliomas. Bi-odd’s said that a .sliglit modification 
^'ould he made in his former classification. Thus, tumors should he called 
grade !”• w-hen undifferentiation ranges from 0 to 25 per cent, “grade 2’’ 
''bon undifferentiation langos from 25 to 50 per cent, “grade 3” wlien undiC- 
ffrontiatioii ranges from 50 to 75 per cent, and “grade 4” wlicii undifferentia- 
tion ranges from 75 to 100 per cent. 


hi determining tlic degree of malignancy Broders also considered the num- 
of mitotic figures and the number of cells which have single, large, deeply 
sliiining nucleoli (one-eyed cells). Later, in emphasizing the practical value of 
and advising the type of treatment according to grade of malignancy, 
•'•aul tliat grade 1 tumors .show practically no tendency to metastasize, while 
nfadc 4 cancers, metastasize quickly and sooner or later prove fatal, flrade 2 
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and grade 3 cancers occupy a place between grade 1 and grade 4 as far as metas- 
tasis and postoperative results are concerned. 

Other methods of grading of tumors, which have been recommended by dif- 
ferent authors, are based on cellular differentiation alone or on this and other 
pathologic and clinical factors. The grading system of Broders, ivhieh is the 
method most often employed in this country, was followed in this work. 


MATERIAL AND METHODS 


Only human tissues which had been removed surgically were used in this 
study. The material included 119 malignant and 45 nonmalignant tissues from 
different organs and tissues, including those obtained from a four-month fetus. 
Both malignant and nonmalignant tissues were obtained from the thyroid gland, 
breast, stomach, liver, rectum, sigmoid colon, ovary, endometrium, and cervix 
uteri. The fetal tissues included the thyroid gland, stomach, liver, and rectum. 
Only epithelial tissues and tumors of the same origin were studied. The malig- 
nant tumors included adenoeai'cinoma, seirrlious carcinoma, papillary adeno- 
carcinoma, and sqnamous-cell carcinoma (epithelioma). All the growths vere 
primary except those found in tlie liver, where metastatic growths also were 
used. The nonmalignant tissues included normal tissues, subacute and chiomc 
inflammation, hyperplasia, and benign tiimoi's (polyps, adenomas, fibroadenomas, 
and cysts). As soon as the tissues were obtained from the operating room w) 
were placed in a 10 per cent solution of formalin for fixation. Twenty- oui loms 
later frozen sections from 5 to 10 microns thick were^ cut and stame 
hematoxylin and eosin. The sections were studied histological y an 
logically with low, medium, and high-power objectives, and the malignan 
were graded according to tlie classification of Broders.® An attemp ^ 
to obtain approximate!}’' the same number of tumors of each gia e 
organ. However, this was difficult and even impossible in certain orosns.^ 
thyroid gland, breast, and rectum there were found carcinomas o 
from 1 to 4. Grade 1 carcinoma very rarely occurs in the 
Carcinoma of the ovary most frequently is grade 1 or 2, occasiona j i ^ 

3, but very rarely grade 4. The most frequent grades of carcinoma^ o 
dometrium are 1 and 2, but grade 3 or 4 carcinoma, occasiona j maj „jafles eu- 
this situation. On the contrary, in the uterine cervix ttie usua studies 

countered are 3 and 4, and grades 1 and 2 only rarely.^ la ^3 1-8 

xvere made by using an oil-immersion lens of a Spencer microscope |jjga,(>trie 
mm., N.A. 1.25, tube length 150 mm., and ocular lOx). In f^^Q^tours of fi*® 
studies a camera lucida was mounted on this microscope, an traced 

shadows of the nuclei and nucleoli were projected on paper an c 

malignant and nonmau. 


with a sharp pencil. From each section of both 


different micro- 


tissue, 20 cells were traced; four cells xvere chosen in eac 1 0 ipjie traciags 

scopic fields. These were the cells which had the largest nuc 
of the nuclei were measured directly by a planinietei o o ^ 

Since many nucleoli were small it -was necessary to enlarge le^^ jjjounted on a 
tain measurable tracings. This was done, xvith a camera ue j,,,ecked w 


•The grades of the carcinomas 
Dr. A. C. Broders. 


of the breast, stomach, and ovary 'vere 
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Spencer microscope (objective 48 mm., tube length 250 mm., and ocular lx). 
The tracings that were obtained were also measured by a planimeter and the 
areas -were registered. The magnification of this microscope and camera lucida 
was found to be 42 diameters; therefore, it was necessary to divide the areas of 
the nucleoli by 42 in order that the magnification might correspond to that em- 
ployed in tlie measurement of the nuclei. To obtain the actual areas of the nuclei 
and nucleoli in square microns, it was necessary to correct the planimeter read- 
ings by taking into consideration the magnification of both microscopes, the 
camera lucida, and the constant of the planimeter. 

Under the same conditions as the cells were drawn, a knoum space of a 
mieromillimeter scale was projected on paper by means of the camera lucida, 
and the projections were traced and measured. The magnification of the micro- 
scope, which was determined in this manner, was found to be 1,800 diameters. 
The calibration of the planimeter was such that a circular area of 100 sq. cm. 
represented 2.500 planimeter units. Eaeli area of the planimeter reading was 
multiplied by a constant that was obtained by using the following formula: 

Value for one planimeter unit 

(Magnification of the niieroseope)* 

After the actual areas were obtained, it was necessary only to di\ide the 
areas of the nuclei by those of the nucleoli in order to obtain the corre- 
sponding nucleonucloolar ratio. It is necessary to explain why the quotient 

average nuclear measurement ^ 

1 — r does not correspond, except by chance, with the 

a\erage nucleolar measurement i > i . 

ratine mu • xi i. i i *• average nuclear measurement 

raiios gucii. The reason is that the calculation i ; 

average nucleolar measurement 

'vas not made. Instead, the nuclear measurement of each cell was divided by 
die nucleolar measurement of cacli cell, and these cpiotionts were averaged. The 
<livisions originally were carried out to three decimal places but were con- 
tracted later so that it would be necessary to print only one or two decimal 
place.s. These contractions caused some lack of correspondence, more apparent 
than real, l)etween the results of calculations made in the various possible ways. 

RESULTS 

It would be outside of the purpose of this work to describe the histologic 
arrangement of the cells in the normal, inflammatory, and neoplastic tissues 
**11 led. A description of this arrangement may be found in textbooks and 
^arious papers. However, it seems appropriate to consider briefly the variations 
size, shape, and number of the nucleoli. Ehrieh recently said, that “the 
^^iiclear sizes of normal tissues are by no means constant.” The same can be 
about the size of the nucleolus. The nucleolus was not easily seen in the 
^ of all normal tissues. Fresh specimens of the resting breast, which were 
• mc(l with polychrome methylene blue, and fixed specimens which were stained 
''itli hematoxylin and eosin, rarely showed nucleoli. On the contrary, the 
Jiuclcoli were conspicuous in most of the cells of other tissues studied, particu- 
m fresh tissues. Normal cells usually contained a single, round, well- 
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defined nucleolus Avliich appeared A'ery small in relation to the nucleus. Occa- 
sionally, two or three nucleoli were seen within the nucleus, particularly in tlie 
normal stomach and rectum. The cells of inflammatory ti.ssue.s and benign 
tumors almost always contained round or elliptic nucleoli. The size of the nucleoli 
depended on the type of the cell (primary or secondary eytoplasia of MacCarty), 
but the nucleoli almost always were larger than those of the corresponding nor- 
mal tissue. The greatest variation in size, form, and number of the nuclei and 
nucleoli was seen in the cells, of secondary eytoplasia and in those of cancer. In 
these cells two or three nucleoli freciuentl.v were seen within the nucleus. Occa- 
sionally, as many as six could be counted. These nucleoli usually ivere very 
large in relation to the nucleus ; they were round or elliptic, and occasionally 
were elongated or somewhat triangular. When the nucleoli were multiple, one 
usually was much larger than the others. 

The results of the biometric studies are reported separately for each organ. 

Thyroid Gland . — In nonmalignant lesions of the thyroid gland the average 
areas of the nuclei and nucleoli were 28.13 and 1.08 square microns, respcctiveh , 
and the average nucleonueloolar ratio was 30.4 : 1. In malignant lesions the 
average areas of the nuclei and nucleoli were 51.7 and 4.29 square micions, 
respectii’ely, and the average nuclconueleolar ratio was 13.5 : 1. In eaicinonia 
the areas of the nuclei varied from 32.45 to 76.0 square microns, and the areas o 
the nucleoli varied from 1.81 to 8.9 square microns. The mieleonucleolai ra lo 
varied from 6.7 :1 to 22.4 ;1. In all nonmalignant lesions, except exop it la niic 
goiter, the average areas of the nuclei and nucleoli were smaller than tiesma 
est areas of the nuclei and nucleoli in carcinoma. In exophthalmic goitci 
average areas of the nuclei and nucleoli were larger than the sma est 
the nuclei and nucleoli in carcinoma. In thyroiditis and colloi a 
average nucleonueleolar ratio ivas more than three times as great as 
cinoma. In the fetal thyroid gland and in exophthalmic goitei^ e 
nucleonueleolar ratio was less than the largest nucleonucleolai latio in ca 

The areas of the nuclei and nucleoli and the nucleonucleolai la lo 
ferent grades of carcinoma of the thyroid gland are shovn in a c jjj 

is of interest mainl.v because it shows that the average area o 
creases gradually and the nucleonueleolar ratio decreases as t le 


lancy^ increases. 

Table I ^ 

- UlFFEKEXT OF 

Vkeas of Nuclei and Nucleoli and the NucLEONUCLEOLAn, Ratio in 

Cahcinoma of the Thyroid Gland ^_— ===== 




FERREIRA: RATIO OK CANCER TO HISTOLOGIC GRADING 


1617 


Brcast.^hi tlic study of the breast the results were rather similar to those 
of tlie study of the thyroid gland. In nonmalignant lesions of tlie breast the 
average areas of the nuclei and nucleoli were 29.87 and 1.26 square microns, 
respectively, and the average niieleoniieleolar ratio was 23.7 1. In carcinoma 
of the breast the average areas of the nuclei and nucleoli were 54 81 and 4.57 
square microns, respectively, and the nucleonueleolar ratio was 13.7. Examina- 
tion of inflammatory lesions that were associated with primary cytoplasia re- 
vealed that the average areas of the nuclei and nucleoli were considerably smaller 
than the smallest areas of the nuclei and nucleoli in carcinoma. The average 
nucleonueleolar ratio in these inflammatory lesions was almost twice as large as 
the largest nucleonucleohir ratio in carcinoma (36 6 :1 and 20.8 :1 ) . On the con- 
trary, in inflammatory lesions that were associated with secondary cytoplasia 
the average area of the nucleoli closely approximated the smallest area of the 
nucleoli in carcinoma (2.04 and 2.2 square micron.s). and the average nucleo- 
nucleolar ratio was much lower than the largest ratio in carcinoma (15.8:1 and 
20.8:1) and closely approximated the average nuolcoiuiclooiar ratio in carcinoma 
(15.8:1 and 13.7:1), In benign tumors that were associated with primary or 
secondary cytoplasia the average areas of the nuclei and nucleoli were somewhat 
smaller than the smallest areas of the nuclei and nucleoli in carcinoma. In be- 
nign tumors in which there was primary cytoplasia the average nucleonueleolar 
ratio was much larger than the largest ratio in eaveinoma (30.4:1 and 20.8:1), 
hut in lienign tumors in wiiich there was secondary eytoyilasia the average nncleo- 
nucleolar ratio was slightly smaller than the largest ralio m carcinoma (19.3;1 
and 20.8:1). In carcinoma the areas of tlie nuclei ranged from 37.32 to 93.89 
square microns, the areas of tlie nucleoli ranged from 2 2 to 13.48 sipiare 
microns, and the nucleonueleolar ratio varied from 4.6:1 to 20.8:1 (Table II). 


Tablc II 


Aseis Of Nuclei akd Nucleoli and tiic KreLEONrei,coL.vii in DiEFF.i:r.S'T Grades of 

CAnriNo.\iA OP Tun Breast 
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54.8 



4.5 



13.7:1 


The 

e icsults of biometric study of carcinoma of the breast were similar to those 
Ktudy of carcinoma of the thyroid gland (Table I). The area of 
have any relation to the grade of carcinoma, but the average 
of the nucleoli increased gradually and the average nucleonueleolar ratio de- 
as the grade of malignancy increased. 

m — In nonmalignant lesions of the slomaeli the average areas of the 

nnoicoli were 3S.2 and 1.8 square microns, respectively, and the 
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average iiucleonucleolar ratio was 21.2 ;1. In carcinoma the average areas of the 
nuclei and nucleoli ivere 52.6 and 3.9 square microns, respectively, and the aver- 
age nucleonucleolar ratio was 13.4 :1. The areas of the nuclei and nucleoli of 
normal gastric tissue were rather constant and were much smaller than the 
respective areas in carcinoma (Fig. 1). The average nucleonucleolar ratio of 



Fig. 1. 

Fig. 1. — Cells of normal gastric mucosa. 
MacCarty.) 

Fig. 2. — Primarj- cytoplasia in the edges 
loaned by Dr. W. C. MacCarty.) 


Fig. 2. 

(Photomicrograph hindly loaned by Dr. W. C. 
of a gastric ulcer. (Photomicrograph kindly 






Pig. 3. — Secondary cytoplasia in the edges of a gastnc ulcer. 

by Dr. W. C. MacCarty.) 



( Photomicrograph 


kindly loane'l 


carciiioi”*'' 


normal gastric tissue was almost three times as large as it n jiuclei 'va-^ 
(36.2:1 and 13.4:1). In fetal gastric tissue the average was 

about the same as it was in carcinoma, the average aiea o (he 

„ in onrcinonui, 


nucleonucleolar ratio occupied an 
tained in a study of normal gastric tissue and carcinoma 


slightly larger than the smallest area of the nucleoli in ‘ g(jos oh- 

intermediate position Momaeh. Bio- 
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metric studies of inflammatory lesions that were associated with primary cyto- 
plasia revealed that the nucleoli were somewhat larger than those found in nor- 
mal gastric tissue (Fig. 2) ; the average nuclconucleolar ratio was similar to that 
obtained in a study of fetal gastric tissue. The material included only one benign 
tumor of the stomach that was associated with primary cytoplasia. In this 
tumor the nuclei and nucleoli were larger than those in normal gastric tissue, 
but the average nucleonucleolar ratio was slightly smaller than that of the nor- 
mal gastric tissue. In benign tumors that were associated with secondary' cyto- 
plasia the measurements usually corresponded very closely to those obtained in 
grade 2 carcinoma. Tlic same was true of gastric ulcers that were associated 



Fie 4.— Carcinoma, grade 2. of the stomach (XI. 000)- 


"ith secondary cytoplasia (Fig. 3), In carcinoma the smallest areas of the nuclei 
“"a nucleoli were 36.2 and 2.3 square microns, respectively, and the smallest 
Micleoniiclcolar ratio was 9.9:1. The largest areas of the nuclei and nucleoli 
"We 74.9 and 6.7 square microns, respectively, and tlic largest nucleonucleolar 
'0 was 17.6:1 (Table III). The gastric material did not include a specimen 
e grade 1 carcinoma. A stud.y of the material revealed that in carcinoma of the 
' ™''™ il'c average area of the nucleoli increases and the nucleonuelcolar ratio 
ercascs as the grade of malignancy increa-scs. The cells encountered in the dif- 
grades of carcinoma arc shown in Figs. 4, 5, and 6, 


iti'cr. — The biometric studies of the liver were of particular intere.st as 
f » slight difference in the nucleonuelcolar ratios in all lesions, including 
'''"'cmoiua. In nonmalignant lesions of the liver the average areas of the nuclei 


tliore 
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and nucleoli were 33.0 and 1.9 square inieron.s, respectively, and (he average 
nueleonucleolar ratio vva.s 16.9 :1. In malignant lesions the average areas of (lie 
nuclei and nucleoli were G4.G and 6.1 square microns, respectively, and the aver- 





Fiff. 6. — Carcinoma, grade J. of the stomach 

age nueleonucleolar ratio was 11.6:1. In the fetal liver tite 

were small in comparison with the v'ery large nuclei and nucleoh jiypi-aec 

However, the nueleonucleolar ratio was not much higher than va.s 

ratio in all grades of carcinoma (14.1 :1 and 11.6:1) ; in fad, the av 
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Table III 


Ims 01’ NrcLEi AND Nucleoli and the NroLEOKi’i’LEOLAn Ratio in tiifflrent Grades 
OF Carcinoiia op the Stosiacii 


(SRADE OF ' 

CARCINOMA 

CASKS 

i 

aMiea, 

RQUAHE .MU1IONS 

I 

NVCLEOSVCLEOLAR 

, Kucm 1 


t/i 

w 

i ^ ' 
■ M 1 

a j 

i 

I ^ 

sc 

n 

I K 

K 

U I 

S I 

i 

I < 

P 

'A 

CC 

w 

< 

S 

c£ 

< 

1 

n 






I 




2 

8 


()r>.o 

4S.S 

23 : 

.i.n 

3.2 

12.4tl 

17.0:1 

tl5.3-l 


5 


ViS 

52.3 

;i» I 

4,8 I 

3 8 

n.2-.l! 

17:1 

il33:l 

4 

5 

nit 2 

1 74.11 

5G.7 


G7 j 

4.f> 

O.lcl! 

13,7:1 

111.8:1 


18 



32.r, 

I ! I 

; 3.0 

I 


; 13,4:1 


nucleolar ratio in the fetiil liver was liislier than the smallest ratio in pirade 2 
carcinoma (15.4:1 and 14.1:11. In normal hepatic tissue tiic nuclei and nucleoli 
varied a great deal in size, but they were rather lai’ge. Tlie average nueleo- 
Micleolar ratio was low; it was only 6.1 more than tlu' average ratio in careinoma 
wA only 2.3 greater than the average ratio in grade 2 carcinoma. In inflamma- 
tory Ie.sions the nuclei and nucleoli were moderatel.v targe, and the nucleonucleo- 
lar ratio was low (19.0:1), hnt contrary to what was found in most of the other 
organs that were studied, tlie nuclconneteolar ratio was larger than that en- 
countered in normal hepatic tissue. In carcinoma of tlic liver the areas of the 
nuclei varied from 42.5 to 88.4 siptare microns, the areas of tlie nueleoli varied 
from 3,0 to 10.6 square microns, and the nucleomicieoiar ratio varied from 6.7 :1 
to 18.1:1 (Table IV). Tlio hepatic material did not include a .specimen of 


Table IV 

Ar^is op Nuclei and Nucleoli and the NrcLEONUcLEoLAit Reno in DiFrr,RE.NT Grades of 
Caf.oinoma of the Livef. 
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"’■'’do 1 carcinoma. A study of the matei'ial revealed tliat the average area of 
"r miclcoli increases and the mielconncleolar ratio.s decrease a.s the grade of 
'"^lisaancy inerea.sc.s. There was no relation between the areas of the nuclei and 
ttrnde of carcinoma, 

Ifcch(m,_i,i nonmalignant lesions of the rectum the average areas of the 
"'"lei and nucleoli were 40.6 and l.S square microns, respectively, and the aver- 
niielcoiuicieolar ratio was 22.5:1. In carcinoma the average areas of tlie 
“"clci and nucleoli wore 62.6 and 7.5 square microns, respectively, and the aver- 
luielcoinielcolar ratio was 11.0:1 (Table V). A study of the fetal rectum 
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Table V 

Areas of Nuclei and Nucleoli and the Nucleonucleolae Ratio in Diffeuent Gkades or 

Cakcinojia of the Eectusi 
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disclosed that the nucleoli were relatively large; in fact, they vere almost as 
large as the smallest nucleoli in carcinoma. The nuclei also were laige and tlie 
nueleonucleolar ratio was high. The material included two inflammatory lesions 
of the rectum. Primary cydopla.sia ivas present in both of these lesions, T p 
nuclei and nucleoli ivere small, and the average nucleoniieleolai latio nas aion^ 
tivice as large as the ratio in carcinoma. In a benign polyp in vhich tieie 
primary cytoplasia the measurements were veiy much like those of the m am . 
tory lesions. The results of biometric studies of the rectum vere si^i 
ferent from the results of similar studies of other organs. In ® 
the average area of the nucleoli was 0.1 square micron less t lan i ' 
grade 1 carcinoma. However, in comparison with the average aiea ° , 

in grade 3 carcinoma, that of nucleoli in grade 4 caieinoma 
markedly ; in fact, in each of these grades of carcinoma t le 
nucleoli was almost twice as great as it was in the next on 
grades of carcinoma the nueleonucleolar ratio decrease as ^ (jjfer- 

nancy increased, but in grade 3 carcinoma and in giade carci 
ence in the ratio was vei-y slight. ^ die 

Ovary . — In nonmalignant lesions of the ovap the ° . V g„(| dip 
nuclei and nucleoli Avere 41.0 and 2.0 square „,gaj-ea.soifl''‘ 

average nueleonucleolar ratio Avas 20.5 ;1. In caicinoma , g„d the aver- 

nuclei and nucleoli Avere 48.7 and 4.0 square mieions, lespe 

Table VI GR'W.sof 

Arhas of Nuclei and Nucleoli and the Nucleonu^eolak Ratio l' 


Carcinoma of the Oa'aRa' 


GK.VDE OF 
carcinoma 


1 

2 

3 

4 


CASES 
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age nucleonudeolar ratio was 12.3:1 (Tabic VI). Tlie size of the cells of the 
membrana granulosa of a Graafian follicle is .shown in Pig. 7. In tlie theca in- 
terna of a Graafian follicle the nuclei were very large and the nucleoli also were 
large; the nncleonucleolar ratio was almost twice as large as it was in carcinoma. 
Ill one ovary the average area of the nucleoli of the membrana granulosa was 
slightly less than the average area of the nucleoli of the theca interna, but the 
average area of the nuclei of the membrana granulosa was about half as large 
as the average area of the nuclei in the theca interna. The average nucleonueleo- 
lar ratio in the membrana granulosa therefore was low. It was not much higher 
than the average ratio in carcinoma (14.0:1 and 12.3 :1) and was lower than the 



7. — Membrana granulosa of a GraaOan follicle (xl.OOO). 


<> 10 in certain specimens of carcinoma. In the corpus Intcnin the measurements 
J7ere similar to those obtained for the theca interna; however, in the corpus 
^^^ciim the average area of the nuclei and, therefore, the average nncleonucleolar 
>0, were somewhat lower than they were in the theca interna. In a benign 
thc^' average areas of the nuclei and nucleoli were very small, and 

aierage nncleonncleolar ratio was about three times as large as it w'as in 
'atcinoma. In carcinoma of the ovary (Tabic VI) the measurements were not 
I'o J 111 agreement with the measurements obtained in specimens of carcinoma 


of other 


organs, but the differences were not very marked. As was the case in 


OMcmoma of other organs, there was no relation between the average area of the 
He ei and the grade of carcinoma. 


the — In benign lesions of the endometrium the average areas of 

thj nucleoli were 30.68 and 0.84 square microns, respectively, and 

the inicleonucleolar ratio was 36.5:1. In carcinoma the average areas of 
® nuclei and nucleoli were 55.5 and 4.7 square microns, respectively, and the 
^'wage nncleonucleolar ratio was 13.4:1 (Table VII). Normal endometrial 
tati*^ H'nnfl nuclei, very small nucleoli, and a very high nncleonucleolar 
'*>• 111 inflammatory lesions in which there was primary cytoplasia the mens- 
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Table VIII 


Akeas of Nuclei and Nucleoli and the Nucleonucleolar Ratio in Different GRiHEsor 

Carcinoma of the Endometrium 


GRADE OF 

CARCIXOMA 
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SQUAI 
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45.3 
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13.0:] 

'23.', -.1 

18.8:1 

9 

6 

43.2 


52.4 


m 


11.8:1 

17.8:1 

15.1:1 

8 

1 



51.5 

m 

m 




11.4:1 

4 

1 



72.6 

■1 

■i 




S.S:1 


14 



55.5 



4.7 



13.4:1 


iirements a] 3 proximated those obtained for normal endometrial tissue; the midei 
and nucleoli ivere smaller, but the nnclconneleolar ratio ivas sligbtb highei. In 
a polypoid endometrium the nuclei also were smaller than they ueie in norma 
endometrial tissue, but the average area of the nucleoli was largei than it nas 

in the normal endometrium. The average nucleonucleolar ratio, theiefoie, nas 

much smaller than the ratio in the normal endometrium, hut it Masnioretia 
twice as large as the average ratio in carcinoma. In a benign pol>p 
urements were similar to those obtained for the normal endometiium, )U 
avei'age nucleonucleolar ratio was a little lower. The numliei 
the endometrium was very small; only one carcinoma was elassi ei 
the two highest grades of malignancy (grades 3 and 4). Hoveiei, 
of tire biometric studies were similar to the results obtained in thes uc 
organs; the average area of the nucleoli gradually inciease , an 
nucleolar ratio decreased as the grade of malignanc.v inciease . 

Uterine Cervix . — In nonmalignant lesions of the uteiine 
age areas of the nuclei and nucleoli Avere 30.97 and J of the 

and the nucleonucleolar ratio Avas 32.7 :1. In carcinoma t the average 

nuclei and nucleoli Avere 63.7 and 7.0 square microns, respeetn e a , < 
nucleonucleolar ratio Avas 10.1:1 (Table VIII). Biometiic s n ^ygre large, 
tory lesions reA-ealed that the average areas of the nuclei an n 
and the average nucleonucleolar i-atio Avas more than tuee 
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ivas in carcinoma. In a benign polyp the nuclei were large but the nucleoli were 
small; the nucleonueleolar ratio was about as large as it was in normal tissue. 
In the biometric studies of carcinoma of the cervix the results were entirely 
different from the results of similar studies of carcinoma of other organs. 


In carcinoma of practically every organ there was some overlapping of the 
areas of the nucleoli and the nucleonueleolar ratios. However, the overlapping 
usually was seen between grades 1 and 2, 2 and 3, or 3 and 4 ; it very rarely 
MS noted between grades 1 and 3, 1 and 4, or 2 and 4. 

A careful examination of the results and the tables seems to leave no doubt 
that, in general, no matter what organ is considered, the average areas of the 
nucleoli in relation to those of the nuclei are absolutely and relatively much 
larger in carcinomas than they are in benign lesions According to this, the 
average nucleonueleolar ratios are much smaller in carcinoma than they are in 
benign lesions. 

There were few individual specimens of nonmalignant lesions in which the 
tiiieleonueleolar ratio was almost as low or even as low as it was in carcinoma. 
This happened in inflammatory lesions and in benign tumors in which there was 
secondary cyfoplnsia. It is known how frequently certain benign tumors and 
thronio ulcers become malignant ; the ulcers and tumors tliat become malignant 
probably are those that are associated with secondary cytoplasia. In the edges 
of chronic gastric ulcers and in some of the acini of benign epithelial tumors, the 
rolls of secondary cytoplasia repeatedly have been seen passing through the 
basal membrane and invading the tissues in an area that histologically looked 
perfectly benign and had been previously diagnosed as such. The reverse is 
also true, particularly in carcinoma of the stomach. In the transitional zone of 
•be mucosa where the growth stops and the normal or inflammatory mucosa 
begins, tlie mucosa loolts histologically normal for a more or less long distance. 
Ilouever, in the same zone the microscopic examination with an oil-immersion 
objective shows that the acini are filled with cells of secondary cytoplasia, and 
occasionally that one or more acini are broken. This permits the cells to pass 
wlo the stroma. The nucleonueleolar ratio of the cells of secondary cytoplasia 
|u this transitional zone is practically the same as it is in the carcinoma near by.^^ 
. ® oells of secondary cytoplasia probably are cancer cells which have not yet 
*u\aded the stroma for some unknown reason. MacCarty,^® Broders,'* Raaf,^^ and 
“Ibers have e.\pressed the same opinion. Broders* went so far as to consider the 
w U of secondary' cytoplasia as cancer cells within the tubules or aeini. Other 
™ls in which the nucleonueleolar ratios approximate the ratios in carcinoma 
those of the inembrana granulosa of the ovary, fetus, normal liver, and 
“ophthalmic goiter. The metabolic activity of the cells of these tissues is well 
“''■n. In addition, at least in the fetus and exophthalmic goiter, there is no 
'bat the cells grow fast and have a great reproductive power. There- 


fore, 


>t seems logical to admit that the large amount of nucleolar substance and 


0 low nucleonueleolar ratio in the nonmalignant lesions that were studied is 
*oracwhat related to the great metabolic activity and possibly also to the rapid 
^0"th and cellular division. This is not a new idea; the experimental work on 
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tS aZm.t of .Selr 

activity of its inicleus botii in cell metnlmlk i ” 

stance beyond tile amount which can cyist ivithin 

let. ” The conclusions of T nr 7 fn>.H i ^ 

o-fowing cells .:..Xal“ T7 "Tn"' 

and division of the same In the arh n fragmeniaiion 

olism are relativelv Im-o-ff tl • ” ^ of cells undergoing active metali- 

ha^e a ^r^ari-f n nietabolieallv vei,^ active and 

cells Lt ore r 1 0 ^ “cor 
Tomd t ssnes T 1 

tissiTPt; ha ■ ?' • ^” 7 ^! o^^llTires of cancer cells grow slower tlian those of norma! 
nnrl c '• 1 +^^ 7 * ^ ^is fact bj'" the necessity of the cancer cells to divide qnicklv 

] . ittanj divide at one time in order to compensate for the loss of 

'•tin 't 1 ^^^ ^^ced by the disintegration of many cancer cells whose life lias a 
ma ion as has been proved in grow'th of carcinomatous tissues “in vitro." 

and others, both metabolic activity and reproductive poivor 
in T increa.se from grade 1 to grade 4. On the other hand, 

a 1 es , III^ and IV, it may lie seen that the average area of the nuoleoii 
^ici eases anc tiie average nucleonueleolar ratio decreases in each grade from 
t ) ^ ^ 7 seems to prove that in malignant lesions the size of 

le nue eo i also is in direct relation ivith the degree of malignancy, or better, the 
nue eonue eolar ratio is in inverse relation with the degree of malignancy. The 
1 esu ts s loivn in Taiile V corroborate this opinion. Although tliere is a slight 
eciease of tlie average area of tire nucleoli from grade 1 to grade 2, the average 
ne eonncleolai ratio decreases in every grmde from grade 1 to grade 4. The 
lesu ts slroMTT in Table VI are not in agreement with this opinion, ind they 
s ron not be considered when discussing averages; the number of carcinomas 
o t ie ovary in this series was very small. The same should be said for tiic 
lesu ts shovn in Table VII, although these corroborate niy opinion. For the 
same reason, the results shown in Table VIII will not he discussed. Even if tiiis 
a e had included a large series of cases the results should not be considered 
eeause most of the carcinomas of the cervix are treated by radiimr before opera- 
tion m performed; this alters .struelirres, metabolic celliifar activity, andgronth. 

he followiirg questions might arise: (1) If the amount of nucleolar mate- • 
iia increases with the gr'ade of carcinoma, or ratlrer, if the nucleonueleolar lafw 
eer eases according to the grade of carcinoma, how sliall the overlappin? fuJf'* 
grade to grade be explained? (2) Why do certain grade 1 carcinomas, in lim 
same organ have the same rrucleonncleolar ratio as some grade 2 carcinoiims- 
(3) In the same organ, why is the nireleomreleolar ratio in grade 2 eai’cinoma f if . 
same as in grade 8 carcinonras, and oceasiorralJy even in grade 4 careinonia-s- 
The answers to these questions can be only' the followdug ones; (1) -j 

ing of carcinomas depends to a certain extent rrpon personal estimation o ' j 
pathologist who did the grading. (2) The grading of carcinoma has laiao o ^ 
orientation of treatment and prognosis but maiiaty when considered foi a f 
of case.s. For some unknown cause the cells of a grade 2 carcinoma wa} al ■ • 
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time become very active and soon behave as a grade 3 or 4 cavoinoma. On the 
oontrar}" the cells of a grade 3 or 4 carcinoma may possibly become inactive, and 
the tumor thus become quiescent. 

The relation of the niiclconucleolar ratio to cellular activity being admitted, 
the lack of Constance of tliat ratio that lias been found by different authors, or 
even by the same author on diffei'ent occasions, in normal and pathologic tissues 
of the same kind can be understood. Thus, for example, in malignant lesions of 
the stomach the discrepancy of rc.sults found liy Iliuimeder (9 :1), Xaidu (16 .11, 
and myself (14.9:1) is probably due to the fact tluit in the series of cases studied 
hynaumeder there were more carcinomas of a higli grade than tliere were in the 
series studied by Naidu and myself. 


CONCLUSIONS 


1. The average areas of the nuclei and nucleoli, and the average nucleo- 
tnicleolav ratio, are not the same in all normal tissues; they vary, probably, 
according to the function of tlie organ, and in the same organ they vary with the 
metabolic activity, 

2. In noumalignant lesions the average area of tlic nucleoU is smaller and 
the average nuclconucleolar ratio is larger than m carcinoma. 

3. Ill the colls of the fetus, normal liver, membrana granulosa of the ovary, 
and exophthalmic goiter the areas of nucleoli and tlie nueleoniielcolar ratios 
approximate those found in carcinoma. This is probably attributable to the 
CTeat metabolic activity of these cells. 

4 There is more variation in the extreme areas of the nuclei and nucleoli 
•n carcinoma than there is in nonmalignant lesions. 

5. The average area of llio nucleoli and the average nucleonucleolar ratio 
^ary according to the degree of malignancy ; the former in a direct and the latter 
Juan inverse proportion. In carcinoma the average area of the nucleoU increases 
the average nucleonucleolar ratio decreases from grade 1 to grade 2, from 
{Trade 2 to 3, and from 3 to grade 4. 

The increased amount of nucleolar substance in cancer cells is most prob- 
% altritnitable to the great cellular metabolism and cellular division character- 
of those cells. 


"t- The increasing of nucleolar .substance a.ssociated with the increasing in 
^ prade of carcinoma is most probably attributable to the increase of cellular 
^daliollsm and cellular div ision from grade 1 to 2, from grade 2 to 3, and 
horn grade 3 to 4. 
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TOXIC REACTIONS WITH GOLD SALTS IN TREATMENT OP 
RHEUilATOID ARTHRITIS* 


Robert M. Lixtz, New York. N. Y. 


I N ANY disease where uew remedies are being- introduced at frequent iiiterv’als 
one can be sure that none of the proposed methods has a generally accepted 
Talne. This condition has prevailed particularly in the treatment of rheumatoid 
arthritis where an unusually large number of preparations have been suggested. 
The typical course for such a “new” treatment, as stated by Hench and others^ 
IS that it . . rises rather rapidly, reaches its peak in about 3 to 5 years, then 
falls as adverse reports begin to outnumber the optimistic ones. Finall}*, use of 
the treatment in any significant degree dies out after 8 to 10 years.” These 
same authors point out that it is significant that the curve of acceptauce of gold 
salts in the treatment of rlieumatoid arthritis is .still rising after ten years of use. 

Many enthusiastic reports on gold compounds in rheumatoid artliritis have 
been appearing in the European literature, and recently favorable reports have 
been made by American workers in this field. One of the earliest American re- 
ports is by Phillips,^ wlio employed chr>*sotherapy in 18 patients, 9 of whom 
diagnosed as having rheumatoid arthritis. Phillips was not favorably im- 
pressed with the value of gold salt.s. Shortly after this Oren® gave Iiis results 
^th gold salts in 100 eases of arthritis. Of the 66 eases of rheumatoid arthritis 
in his series, 60 "responded well.” Key and his co-workers* have reported their 
rKults from the arthritis clinic of the Washington University School of iledi- 
St. Louis. In 70 cases of rlieumatoid arthritis they found gold salts 
(lofiiiitely ameliorated the course of the disease in tlic majority of the patients, 
regardless of the duration of the disease. Sashin, Spanbock, and Kling^ found 
moderate to marked improvement in 85 per cent of the 80 patients with rheu- 
matoid arthritis who received gold salts. Snyder, Traeger, and Kelly’’ noted im- 
provement in 48 per cent of the 50 cases of rheumatoid arthritis after chryso- 
therapy. 


Those who have had experience with this form of therapy emphasize that, 
^ 1 ough we have in chr 3 ’,sotherapy a mo.st effective method for the treatment of 
^ ^umatoid arthritis, the use of the gold preparations is not entirely' without 
Hartfall, Garland, and Goldie' reported toxic reactions in 41.9 per cent 
^00 patients treated with gold compounds. They had 7 deaths — a mortalitj’ 
of 0.78 per cent — definitelj' attributable to gold salts. Sixtj'-three per cent 
^ ^be patients treated hy Ke}** had some form of reaction. Crosby® has com- 
this group of reactions to the accidents that occurred in the carl.v daj-s of 
arsenical drugs. 


York Hospital, the Second (Cornell) Medical Division, Bellevue HospiLal, 
- xwpartment of Medicine of Cornell Unlversitj* Medical College, 
e vcd for publication, June 24, 1940. 
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Clirysotherapy is constantl.v becoming more popular, and pharmaceutical 
houses are preparing advertising campaigns to acquaint physicians vitli the 
merits of their preparations. In view of the widespread interest that is being 
created by this type of treatment, it is of utmost importance that the physician 
recognize the different types of reaction to the drug and that the accumulated 
experience of previous ivorkers be utilized in forming a basic plan of treatment. 
We have followed more than 100 clinic and private patients treated with gold 
compounds during the past two years, and it is on our experience with this 
group that this report is based. 


SKIN REACTIONS 

The most common toxic reactions due to gold preparations are those occur- 
ring in the skin. Pruritus is very frequent after clirysotherapy ; it may be gen- 
eralized or it may involve one or more localized parts of the body. Erythema, 
often accompanied by pruritus, is also a frequent complication. This, too, mar 
be local or generalized in its distribution. One often encounters a lesion re- 
sembling lichen planus. There may be only one or two such areas, or there may 
be numerous patche.s scattered over the body. The lesions vaiy in size from a ei' 
millimeters in diameter to a patch having a dimension of 3 or 4 cm. In a s"' 
instances urticaria oecnrs. 

Occasionally a patient will develop exfoliative dennatitis. This is alvajs a 
serious complication; when the process is widespread, the patients are rerj 
susceptible to pneumonia. 

The pruritus, erythema, and urticaria reactions generally clear short y a 
stopping the gold compounds. The lesions resembling lichen planus 
quently persist and spread for a period of several months after discon un^ 
therapy. The seriousness of exfoliative dermatitis seems to be in legion 
the extent of the lesion, and the treatment is the same as that of a .sinn 
due to an arsenical or other agent. One of onr patients developec a co 
glovelike desquamation of the skin of both hands and recovered vi 
of any particular therapyL 


LESIONS OF THE JIOUTH _ 

Second only to skin lesions in frequency are the flie 

mouth. The usual month involvement is a soreness that is note espee 
tongue ; at times the patient will complain of numbness of the instances 

tion of the mouth at this time reveals no unnsnal fimlings. ” food, 

an ulceratii'e stomatitis occurs. This is very painful when the pa 
Occasionally there are small ulcerations of the buccal mucous mem 
stopping therapy, the duration of mouth lesions is roughly in j],j,go 

severity'- of the involvement, the ulcerations persisting as long as 
months. 


GASTROINTESTINAL LESIONS ^ 

Disturbances of the gastrointestinal tract have been seen^ 

)me workers, but in our experience we have not found it a req gasfroin- 
on of gold therapy'. The patient w'ho has a reaction .•ITor’ 
sstinal tract will complain of cramps, nausea or ■\ omi gi 
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symptoms may be mild or severe and may occur alone or in combination. Reac- 
tions of this t 3 'pe will clear promptly after the gold salts are stopped. 

HEPATIC LESIONS 

Jaundice of a benign type is seen at times. It is probably due to a toxic 
hepatitis and is very apt to run a lengthy' course. Several fatal eases of acute 
yellow atrophy' of the liver have been mentioned bj' others,® but this ty’pe of 
reaction is veiy rare. 

RENAL LESIONS 

A mild albuminuria is a very frequent complication and is no indication for 
stopping the medication. Hematuria or a marked degree of albuminuria will 
disappear shortly' after discontinuing treatment. 

VASOMOTOR REACTIONS* 

In almost every’ case the patient will experience a flusliing of the face within 
one or two minutes after receiving the gold compound. The face appears fiery’ 
red, and the patient complains of a feeling of unusual warmth, often accom- 
panied by a sensation of giddiness and vertigo. This reaction generally’ passes 
away in tliree or four minutes and leaves no aftereffect. One of our patients 
had such a reaction occuri’ing about eight hours after he received the gold prep- 
aration. In another instance the vasomotor reaction became more severe with 
each subsequent treatment and the patient eventually had an attack of syncope. 
The patient collapsed and for several seconds the radial pulse could not be made 
out aud the heart sounds were not audible. Stimulants were used and as the 
heart action resumed showers of ectopic beats were made out; in an hour's time 
the regular sinus rhythm was restored. 

LOCAL REACTIONS 

A large number of patients complain some time in the first two to six weeks 
of treatment that their arthritis is veiy much worse. Examination at this time 
^dl reveal that there has been a flare-up in joints in which the arthritis has been 
dormant and that there has been an increase of pain in the joints showing an 
Active arthritis. Mo.st of the patients experiencing this sort of reaction are 
likely to show a very’ satisfactory improvement with continued gold salt therapy, 
■'ll times the exacerbation of joint symptoms will be accompanied by' a rise of 
kmperature to 102'’ or 103“ F. In a few cases the temperature rise has occurred 

110 indication of joint or other reaction. 

BLOOD DTSCRASIAS 

k is in this group of reactions that fatalities are most likely to occur. For- 
dnately, reactions of this type are very' infrequent. Cases of thromliocytopenic 
P*ifpura, agranulocytosis, and aplastic anemia have been described, and in sev- 

instances a fatal outcome has resulted. 

TIME OF ONSET OP REACTIONS 

^^cept for the vasomotor disturbances it is impo.ssible to predict the time of 
of reactions. Any' of the reactions that have been described can oc- 

reaction occurred prlnclpallr with myochrj’slne. Recent change In the 
producing the preparation has practically eliminated this vasomotor effect. 
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cur after the first full dose of gold. Frequently a reaction will occur midua)’ in 
a course of treatment. Many toxic reactions have occurred at a considerable 
time after the cessation of ehrysotherapy. Eeznikoff® treated a young nurse for 
aplastic anemia five years after she had received gold salts for lupus mlgaris. 

It is the unpredictable nature of these reactions that' constitutes the chief hazard 
in the use of gold salts in rheumatoid arthritis. 

PBBI'ENTION AND TREATMENT OP RILICTIONS 

Were it possible to prevent or minimize the reactions to gold salts ^Ye^Y 0 ukl 
have a potent remedy that could be emploj’^ed easily by any physician. In an 
early paper in which they report on their first 100 cases of rheumatoid arthritis 
treated with gold salts, a statement made by Hartfall and Garland’** is still 
most pertinent ; ‘ ‘ Chrysotherapy should only be undertaken by those who are 
fully alive to its dangers. The patient should be ivarned of these possibilities. 

Sldn tests and patch tests have been of no value in indicating those who 
might have reactions. The simultaneous parental administration of so luin 
thiosulfate or of calcium preparations has not reduced the incidence of leae 
tions. At times it has seemed that aii increased vitamin C intake, sue i as cau 
be obtained from the daily intake of several glasses of orange or tomato jmee, 
lowered the number of reactions, but this has not been confirmed. 

The reactions are treated by a method identical to that employe m simi 
lesions due to any other cause or factor. Nicotinic acid has been consi ^ 
helpful by some in the treatment of the minor reactions; others 
cevitamic acid ; neither seems to alter the course of reactions to anj sioU 
degi’ee. In exfoliative dermatitis sodium thiosulfate and ca cium sa 
recommended empirical^. 

CONTRAINDICATIONS 

The only definite contraindications to the institution of gold salt^ jjgpatic 
are blood dyscrasias and diseases of the kidneys or liver. Patien s jgjjg 

or renal involvement, or wdio liave had serious disturbance o t le le 
system are poor risks for this form of therapy. Gold jjjstory 

used with extreme caution in patients wdio give a persona oi * regard- 
of allergy. Treatment should be stopped at the first sign of gastro- 

less of hoYV trivial it may seem. When skin lesions, lesions o lo ^ 
intestinal disturbances, and the less severe renal lesions liave com 
peared, treatment may be resumed. If any other type of leae lo 

it is not advisable to resume gold therapy. _ . .^ cont«>' 

The presence of essential hypertension or of arteiiosc eros 

indication to this method of treatment. 

CHOICE OF PREPARATIONS . 

Tet • these cliftC' u‘ 

There are several preparations of gold salts on the mar sulfur rad'C^*' 
composition of the salt but all have in common the pieseiice , regard 1® 
in the compound. There is a considerable difference o opi pgtjents who 
variation in toxicitj^ of the different preparations. j-eact to tba 

have toxic reactions appear to have an idiosyncrasy o g amount of 

first dose or to very small doses. Others seem to require 
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the gold salts before they have a similar reaction. In this latter group the 
problem arises -whether it is safer to employ any particular compound. 

We have preferred a watery solution of gold sodium thioraalate (myo- 
chrysine) given intragluteally. With this preparation we have had the usual 
minor toxic reactions and occasionally one of the more severe type. There have 
been no fatalities in this group. Gold sodium Ihiomalate is being used satis- 
factorily by many who are employing chry’sotherapy. 

In a very small series of patients who received gold sodium thiosulfate in 
our arthritis clinic at Bellevue Hospital, there have been two with verj-^ severe 
reactions, one of whom died. One of these patients developed an exfoliative 
dermatitis after receiving an initial dose of 0.05 Gm. of gold sodium thio- 
sulfate intravenously, followed by 8 injections of 0.1 Gm. at weeldy intervals — 
a total of 0.85 Gm. of the drug. She was admitted to the liospital and subse- 
quently developed a lobular pneumonia which proved fatal. Additional autopsy 
findings consisted of acute colitis and parenchymatous degeneration of heart, 
liver, and kidneys. The other patient received 10 intravenous injections of 
gold sodium thiosulfate in the same manner, or a total of 0.95 Gm. of the drug 
in ten weeks. Within a few days she developed large patches resembling lichen 
planus that covered the arms, face, and chest. Shortly after the appearance of 
the skin lesions large purpuric areas appeared on the feet. Eight months after 
the onset of these lesions the only change seemed to bo an increase in the areas 
of the purpura. At this time her blood platelet count was reduced to 40,000 
per cubic millimeter. It would seem that the intravenous use of gold sodium 
thiosulfate is definitely attended with increased risk.* 

PLAN OP USE 

Before starting chrj^sotherapy the patient should have a thorough physical 
examination. Laboratory work should consist at least of a complete blood 
count, blood platelet count, red blood cell sedimentation rate, and urinalysis. 
As already indicated, our choice of preparations is a watery solution of gold 
sodium thiomalate (myochrysine). This preparation is given into the gluteal 
muscles at weekly intervals. The initial dose should consist of 0.01 Gm. of the 
salt (which contains 50 per cent gold), followed by 0.025 Gm., 0,05 Gm., and 
0-1 Gm. thereafter until a total of 1.0 Gm. is given. The laboratory determina- 
hons mentioned above must be repeated at intervals not exceeding four weeks. 

ith the appearance of any significant cliange (except in red blood cell sedi- 
liaentation rate) the determinations should be done weekly and the gold stopped 
an unsatisfactory trend appears. Frequently a return of the red blood cell 
sedimentation rate toward normal coincides with the clinical improvement of 
® patient. At other times a patient may feel much better, but the red blood 
sedimentation rate will not change. At the end of a course the patient is 
a rest period of six to eight weeks. If there has been no improvement in 
^ condition, a second, and even a third, course should be given, observing the 
'i^ual precautions. Should there be marked improvement by the end of the first 
second course, it is generally advisable for the patient to receive another 
..^___^urse after a proper rest interval. 

ailosulfslft subsequent series of cases where the maximum single dose of gold sodium 
reactl^V Excellent clinical results were obtained with a minimum of minor 
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SUjMMARY 


In gold salts we have a valuable drug for the treatment of rheumatoid 
arthritis. The use of this preparation is attended with certain risks, and the 
physician must be able to recognize the first manifestation of any toxic reac- 
tion. These reactions, which may occur as exacerbation of joint sjTuptoms or 
as lesions of the skin, mouth, gastrointestinal tract, liver, kidneys, vasomotor 
apparatus, or hematopoietic system, have been described. Fatalities have been 
reported with the use of gold compounds subsequent to the development of 
exfoliative dermatitis, acute yellow atrophy of the liver, and the Wood dys- 
crasias. It is not possible to predict the time of occurrence of reactions since 
they may appear any time between the first injection and a time several months 
after the cessation of ehry'Sother’apjL Suggested methods of preventing and 
controlling reactions have not proved successful. Chrysotherapy is contra- 
indicated in patients with involvement of liver or kidneys or the hematopoietic 
sj’^stem and should be used ivith caution in those having a historj' of allergy 
Treatment should be discontinued at the first sign of any toxic reaction and 
may be resumed when the signs hav'e cleared, except in those patients who de- 
velop exfoliative dermatitis, blood dy'serasias, or severe liepatic or renal lesions. 

The preparation we prefer is a watery solution of gold sodium thiomalate 
(myochrysine) given intragluteally in doses no larger than 
weekly intervals until a total of 1.0 Gm. has been administered. Fo oumt, a 
rest period of six to eight weeks a second, or even a third, course is gu 
indicated. To properly safeguard the patient, it is essential that in a c i ion ^o 
a thorough physical examination certain laboratory procedures be done e o 
starting gold salt therapy. These determinations should consist of * , 

blood count, blood platelet count, red blood cell sedimentation time, 
urinalysis. This laboratory work should be repeated at least ^ 

and with the appearance of any^ unfavorable change the determina 
be done weeldy. Treatment should be discontinued if an unsatis ae o j 
appears. 
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CLINICAL CHEMISTRY 


THE CHEMISTRY OP INFECTIOUS DISEASES* 


II. Cystine Content of the IlYonoiA-sATEs or Blood Sera 
IN Experuientai, Pneujionia in Dogs 


II. h. Crossley, Ph.D., Bruno Vassel, Ph.D., and G. L. Christopher, Ph.D. 
Stamford, Conn. 


TORDICKA' interpveted tlie decrease in the heiglit of the polarographic 
^ waves of cancerous .sera as being due to less e.vstine, i.e., cystine plus 
cysfeiiie. Applying the Heyrovsky polarograph to the study of whole sera of 
type I piieumococcu.s infected dog.s, we observed that the height of the catalytic 
protein wave also decreased with an increase in the severity of infection, and 
returned to normal uiion recovcr.v of the animal.® Brdicka' believed that the 
height of the polarographic double wave of serum in cohaltic ammonium buffer 
IS a measure of the amounts of available sulfhydryl and di.sulfide groups of 
the scrum proteins, while nonjiroteic sulfhydryl and disulfide groups (i.e., 
free cysteine and ey.stine) in trivalent cobalt buffer are without influence® on 
the height of the wave. Consequently, a decrease in the wave height of whole 
scrum with pneumococcal infection would indicate a diminution of peptide 
cystine. To ascertain the correctness of this deduction, the cystine content of 
the acid hydrolysates of dog sera before and after pneumococcal infection was 
determined. 

EXPF.RIMENTAL 

The care of the dogs and the production of experimental pneumonia aceord- 
rag to the procedure of Terrell, Robertson, and CoggeshalPf were described in 
“ previous report.® 

Samples of 0.4 ml. of serum were refluxed with 2.5 ml. of the formic acid- 
ydroehloric acid mixture of Miller and du Yigneaud* in an all-glass apparatus 
in an oil hatli at 110 to 120° C. for eighteen hours. After dilution with 5 N 
hydrochloric acid to 10 ml., cystine was determined on 1 ml. aliquots in triplicate 
hy the method of Vassel,® care being taken to prepare the standard cystine curve 
, ® h cystine solution of identical formic acid and hydrochloric acid composi- 
nnd of the same normality (average 7 N) as that of the hydrolysates. For 
yl^_P^arographic analyses 1 ml. of the hydrolysate was diluted with water to 

the Research Laboratories of tlie American Cyanamid Co.. Stamford. Conn., and 

''Sico Chemical Division. Bound Brook. N. J. 

of this work was presented at the One Hundredth Meeting of the American 
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4 ml., and 0.5 ml. of this solution was added to a cobaltoiis ammonium buffer 
of the following composition ; 

To 2 ml. of an 0.008 N cohaltous chloride solution was added 1 ml. o£ 1 N 
ammonium chloride, followed by 1 ml. of 1 N ammonium hydroxide and 5.5 ml. 
of water. The mixture was then electrolyzed with the galvanometer set at 
Yioo sensitivity. 

The polarographic cystine values Avere at first determined by the procedure 
of Stern, Beach, and Macy.® This led to results which rvere found to be uni- 
formly 15 to 25 per cent lower than those obtained by the colorimetric method. 
When a standard curve was prepared by lolotting the increase in wave height 
of the catalytic rvave against increasing amounts of pure cystine in acid solu- 
tions of identical composition and normality Avith those of the hydrolysates, a 
calibration curve Avas obtained AA'hieh Avhen used on the serum hydrolysates 
gave cystine values Avhich Avere Avdthin ±5 per cent numerically the same as those 



obtained by the procedure of Stern and others,® and AAdiich a^ ere um 
loAAmr than those obtained by eolorimetiy. HoAVCAmr, since the solution 
preparing the calibration curves contained no other amino acids than c.y 
this agi’eeraent seemed surprising, for SMdek and Lip.seliuetz state 
presence of arginine and histidine depress the Avave height of 
grams. We found that the addition of these and other amino aci iR 
similar to those found in serum® did not depress the Avave height a\ lei^^ 
separately or together to 0.015 mg. of cystine. The folloAviiig ^ of 

tested in this manner ; 0.17 mg. of arginine, 0.004 mg. of histi me, • 
tyrosine, 0.004 mg. of tryptophane, and 0.027 mg. of acids 

amounts of arginine and histidine are increased, hoAAmver, then lo 
depress the Avave height, histidine exerting a greater effect, mo x 10 ‘ 

arginine. This is shoAvn in Fig. 1, AA'here curve I is the polaiogram o 
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mols of cystine in cobaltons ammonium buffer. The addition of 3.86 x 10’® mols 
of arginine (curve II) or 0.194 x 10*® mols of histidine (curve IV) will depress 
the current-voltage wave of 5.42 x 10*® mols of cystine by 18 per cent, while 
10.6 X 10'® mols of arginine depress it 39 per cent (curve III) and 1.94 x 10'® 
moh of histidine 43.5 per cent (curve V). The presence of appreciable amounts 
of histamine will also influence the cystine wave height. Histamine in cobaltous 
ammonium chloride buffer shows a maximum of its own at -1.75 volts. Since 
(he maximum produced by c.\"Stine occurs at -1.65 volts, the presence of histamine 
increases the wave height of the cystine polarogram. 

The procedure bf Stern and associates® is much more time-consuming than 
the use of a standard cystine curve without, apparently, gaining in accuracy. 
The majority of the cystine values reported here were, therefore, calculated from 
a cystine calibration curve, i.e,, the wave height produced by pure cystine solu- 
tions were compared to that given by the hydrolysate. 



' arter T I to IV. Cystine content of the serum of normal Dog Xl tw’O hours 

1 metric — colorimetric, HI— polarographlc) and twenty hours after a meal (II — colori- 

• ilth i ' Tl^°^arographlc) . Cur%’e V — variations in cystine content of Dog Xll after infection 

'w' tjpe 1 pneumococcus. 


RESULTS AND CONCLUSIONS 

"fhe normal variations in the cystine content of serum hydrolysates of the 
dog are plotted in Fig. 2, where curves I and III represent colorimetrie 
° Po^srographic cystine determinations of the blood of the same dog drawn 
ifferent days after about twenty hours of fasting. Curves II and VI repre- 
the corresponding cystine curves two hours after feeding. Although the 
of ^i^dpolarographic determinations vary in absolute values, the graphs 

loi ^ methods run fairly parallel to each other. They also 

ttri tendency to fluctuate is independent of the time of day at which 

>ood n’as drawn and of wliether or not the animal had been given food 
tly These normal variations were of the same magnitude as those previ- 
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HOURS AFTER INFECTION 


afW 


Fig. 3. — Variations in the cystine content of the Ji’n^metric metlioil: curve R" 

infection with type I pneumococcus. Cur\'e A — analysis by a cu 
analysis by the polarographie method. 
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oiisly observed 'when tiic fluctuations of the whole sera of normal do".s were 
analyzed polarographically in cohaltic ammonium chloride huffer.” The lowest 
normal cystine value of the eight dogs is 300 and 200 mg. per cent for the 
colorimetric and polarographic methods, respectively, while maximum values 
for the two procedures were 420 and 2G0 mg. per cent. The maximum fluotua- 
tion of an individual dog amounted to about ±15 per cent of the average nor- 
mal value in either of the two methods, this tendency being directed more 
toward higher than toward lower values. It was noticed, furthermore, that the 
serum hydrolysates from normal puppic.s alway.s contained apiireciably less 
cystine per 100 ml. of serum than those of older animals. 

During the first twenty to sixty hour.s after infection with tyjic I pneumo- 
coccus, corre-sponding to the spreading of the infection in the lung as shown by 
x-ray, a sharp drop of 15 to 30 per cent of the former average cystine value of 
the dog serum occurred. The sudden decrease was not continuous but fluctuated, 
showing a strong downward tendency, this being opposite to the normal tendency. 



In Pig. 3 serum cystine concentrations wore plotted against time after infec- 
hon for three representative cases of the eight dogs studied. The results of the 
colorimetric analyses are designated curves A, while curve.s B represent alwa.vs 
•he corresponding polarographic values. It can be .seen that after the lowest 
concentrations were reached, the cystine values returned during the next one 
hundred to two hundred hours after infection to their previous normal levels, 
even exceeding them at time.s, as if by a compemsatory mechanism. During this 
period tile x-rays show tliat resolution of the inffctcd area of tlic lungs is tak- 
'hg place. 

I'l'om the three hundredth to tlie six hundredfli hour after infection, corre- 
*Ponding to the time of recovery as measured iiy tlio polarograjiliic jieptonc 
"■■"c- and liy tile completed resolution of the lungs, the cystine content of the 
fcnim returned to its normal level. The graph of Dog XII is of special interest, 
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inasimich as this animal died at the two hundred and fiftieth hour after infec- 
tion (Pig. 2, curve T) . A rather .steady decrease from a. normal level of 340 mg. 
per cent to a low of 234 mg. per 100 ml. of serum occurred during the illness, 
the latter value being one of the lowest cystine levels found (eolorimetrically) 
in this study. 

A comparison of the cystine concentrations of the serum hydrolysates dur- 
ing infection (Pig. 4, curve I) with the body temperature (Pig. 4, curve II) 
and with the solid contents of the serum of the same dog (Pig. 4, curve III) 
is verj' interesting. AVhilc the parallelism is not absolute, there is a tendency 
for the cystine level to decrease with a fall in total solids, preceded by an 
increase in bodj’ temperature. The firet indication of pathologic symptoms is 
always reflected first in changes of the body temperature, while the changes in 
total solid and cystine values lag by seven to twentj'-four hours. The low body 
temperatures observed during the fii'st ten hours after infection are produced 
by the injection of morphine sulfate which is used to lower the resistance of the 
body to the invasion of the pneumococci. The drop in the serum solids reaches 
a maximum of 8 to 10 per cent below the normal level, while the maximum 
decrease in cystine concentration is from 20 to 30 per cent. In an attempt to 
explain this observation the total and nonprotcin nitrogen values were studied 
m a few of the dogs. The latter decreased during infection from 50-55 to 
30-45 mg. per cent, while the former fell from a normal level of 1,000-1,150 to 
800-950 mg. per cent. In Pig. 5 the decrease in total nitrogen, as well as the 
corresponding decrease in cystine, is plotted against time after infection for 
Dogs I, IV, and VI. It is evident that the nitrogen and cystine curves run 
fairly parallel to each other. Occasional sudden and large deviations from this 
parallelism, especially noticeable in the ca.se of Dog VI, cannot be explained. 
The maximum decrease in nitrogen amounts to 20-25 per cent, which approxi- 
mates very closely the percentage drop in cystine. 

Thus, during infection the observed fall in the cystine values of the serum 
hydrolysates are closely related to the corresponding lowering of the total nitro- 
Ean of the senim, undoubtedly representing changes in serum protein concen- 
tration. The previously observed fall in the height of the polarograms of whole 
'log sera with pneumococcal infection' must, therefore, be attributed also to a 
decrease in proteic cystine. 

SUMMARY 

The cystine content of the hydrolysates of dog sera after infection with 
IPe I pneumococcus was determined. Parallel analyses were made with 
eo orimetrie and polarographic analytical methods. 

The colorimetric procedure gave uniformly higher values than the polaro- 
Paphic procedure. 

Both methods showed that the cystine content of the serum hydrolysates 
“reased during infection, and returned to normal upon recoveiy. 

The percentage decrease in cystine concentration of the serum hydrolysates 

paralleled by the percentage fall in their total nitrogen content. This sug- 
that a fall in the protein level occurred during infection. 
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EFFECT OF DESOXYCORTICOSTBRONE ACETATE ON 
HYPOCHLOREMIA IN PNEUMONIA^ 


Robert A. Newburger, M.D., New York, N. T. 

T he present study was undertaken to determine what eifect, if 
oxycorticosterone acetate has upon the hypochloremia so frequent j 
in patients with pneumonia. 

SIcLean' in 1915 observed that chloride is treated hy the 
threshold substance and that the threshold is decreased in pneumonin. ^ 
ing crisis, the threshold rises and clilorides are retained nnth ^^.'n'l'pj-ovidcs 
levels are reached. The presence of a lowered renal threshold 
a complete explanation for the hypochloremia; however, since ^ 
costerone acetate, among its other effects, produces a rise in 
for chloride in Addison’s disease, it was thouglit possible tia 
result in a rise in the chloride, xvhich might he benefici<il m pa 
pneumonia. 

MATERIAL 

X i A 4 riatiGnls 

For the purpose of the experiment there were selecte i clilof’*^*’ 
ill with lobar pneumonia of two to five days’ duration vho ha 
concentrations of 95.1 milliequivalents per liter, or less. e < ^ 

♦From the Department of Chemistry, New York Universitj CoUes 
Received fot publication, January 15. 1941- 
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studies were not lUinde. The effect of desoxycorticosterone acetate was de- 
termined by following the chloride and carbon dioxide contents of the serum. 
All patients were given 6 Gm. daily of sodium chloride (Lilly’s Enseals). The 
diets were liquid or soft, without added salt except that taken as desired by the 
patients from weighed salt shakers. Chlorides were determined by the method 
of Patterson,^ and the carbon dioxide content by the method of Van Slyke and 
Neill.^ 

The dosage of desoxycorticosterone used was between 10 and 20 mg. per 
day (in the form of a solution in sesame oil, given intramuscularly). The 
results of treatment in the 4 patients arc summarized in Table I. 


Table I 


CASE DAY 

NllCl 

INTAKE* 

(OM.) 

DOCAt 

(SIC.) 

SERUM 

rilLORIPE 

MEQ./L. 

CL + COj 
MEQ,/L, 

] 

U.O 

10 

94 

121 

2 

(i.ft 

10 

89 

121 

1 3 

G.O 

lOt 

91 

122 

4 


0 

95 


1 

1 4.0 

10 

90 

117 

o 

0,2 

10 

90 

117 

2 3 

15.2 

in 

89 

119 

4 

15.0 

0 



5 


0 

92 

124 

1 

7.3 

20 

95 

1f>9 

3 2 

0.7 

15 

102 

131 

3 


0 

104 

131 

1 

0.0 

0 

94 

123 

4 2 

G.O 

0 

100 

132 

a 


0 

104 

132 


•In addUIon to amount In ‘‘{salt-free" diet. 
tDesoxycortlcosterono acetate. 

tPlus 10 C.C. Cortin (Upjohn) intravenously. 


Daily 10 mg. doses of desoxycorticosterone acetate did not a])pear to raise 
significantly either the serum chloride level or the sum of the carbon dioxide 
chloride levels in pneumonia i)atieiits who were given not less than 6 Gm. 
salt a day. In Case 3 where larger doses of tlie hormone were given, there 
a moderate and steady rise in the serum chlorides, but as striking a rise 
took place in Case 4 where no desoxycorticosterone acetate was given. 

Clinically, there was no difference to be noted between ]>atients receiving 
fsoxyeorticostei'one acetate and those who did not, nor did the chloride levels, 
initially or after treatment, seem to parallel in any way the clinical state 
pntients. All 4 loatients were under treatment with sulfonamide deriva- 

hves. 

wh findings are similar to those i-eported by AViiiklcr and Crankshaw^ 

uerc unable to raise the serum chloride and sodium concentrations sub- 
‘■Ually by the administration of salt and potent cortical hormone in a 
of patients with liypocliloremia accompanying tuberculosis, carcinoma 
’0 lung, and arteriosclerotic heart disease. 
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SUMMARY AND CONCLUSIONS 

Of 4 patients with lobar pneumonia who liad low serum cWoride levels, 
3 were treated with desosyeorticosterone acetate, while one received salt alone. 
Ten milligrams daily of desosyeorticosterone acetate had no effect, and 15 to 20 
mg. had a very doubtful effect upon the serum chloride. Clinically, there 
seemed to be no benefit to pneumonia patients treated with clesoxycortieosteroue 
acetate in the dosages administered. 
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BLOOD SERUM CALCIUM IN THE NEGRO* 


Harold D. West, Ph.D., and Nelson C. Jefferson 
Nashville, Tenn. 

T he iiaueity of data in tlie literature on the serum calcium content of the 
blood of Negroes in tlie United States and environs constitutes a gap ^ 
knowledge which bridged might be of value in explaining racial i 
in susceptibility and response to treatment in certain diseases. The o 
report represents a study de.signed to establish a normal value for Woo 
in this group. 


experijiental 

A total of 385 determinations on blood serum calcium of 300 no 
sons were carried out. All of them were American or ^ and 

representing thirty-two states, the District of Columbia, the Virgin ® 
four foreign countries. The subjects were students, professois, .^Y, 

technicians, secretaries, and janitors from the medical ^ -t 

Hubbard Hospital, and a group of subjects including six c i 


WPA Youth Center in Nashville. received in 

Blood was collected in the postabsorptive state. Samples 
15 c.c. centrifuge tubes with careful handling in order ■ivas ah 

might not be injured and a hemolytic serum be produced. 
lowed to clot, and the material vvas subjected to eentiifuga ion 


♦From the Department of Biochemistry, Meharry AleCical 


Nashvillv- 


♦fTom me i^eparcmeni oi j5iociibiiji=i.i j, Markle 

This work was supported by a grant from Volunteer State N 

preliminarj' report was presented at the annual meeting ol tn 


in June, 1940. 
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plcte separation of the serum and the clot. Tubes were stoppered during 
centrifugation — loss of water through evaporation being sufficiently appreciable 
to give high values for the calcium. 

Analyses were carried out according to the Clark-Collip modification of 
the Kiamer-Tisdall procedure, “ and all determinations were done in duplicate, 
li any red blood cells or hemoglobin were present following precipitation of 


Table I 


Blood Serum Calcium ik Normal Subjects 


SyajECTS i 

NtJUBER 

RANGE 1 

MEAN 

STANDARD 

1 DEVIATION 

Koimfll? 

385 : 

9.03-1J.8C ; 

30 39 

1 0.65 

Male 





Adults 

341 

9.03-11.86 ! 

10.41 

0.69 

Female 





Adults 

38 ; 

9.5311.05 

10.24 ! 

0.46 

Children 

6 ! 

9.69-11.42 1 

10.30 j 

0.57 


! calcium ns the o.valate, they were removed as completely as possible in the sub- 
■ sequent washings in order that absence of any reducing noncalcium oxalate sub- 
j stances might he assured. The permanganate titration was carried out in tubes 
held in a water bath at 70” to 75° C. The criterion for the normal state was 
based upon tlie results of a thorough physical examination, including serologic 
tests executed by a corps of technicians from the medical and hospital staff. 

Serum calcium was determined twice on blood from 76 nomal subjeots — 
tbc second samples being taken after an interval of from seven to twelve months. 

1 

RESULTS 

f 

j The results of the experiment are shown in Table I. 

DISCUSSION 


Unique in the literature on the subject of blood serum calcium in Negroes 
® a paper' in which the conclusion is reached that serum calcium averages 10.93 
per 100 e.c.*— a value 0.43 mg. per 100 c.c. higher than the normal blood 
tenun calcium for white persons which is given as 10.50 mg. per 100 c.c. This 
"omal was established on the basis of an average of forty-four determinations. 
Neither the range of values obtained nor the method used was given. Differ- 
, w susceptibility to, and treatment of, tuberculosis in Negroes were ex- 
flamed in part on this basis. 


be the present work a larger scries was used and the subjects were taken 
fom widely separated areas. The majority of the subjects were students and 
™d samples were taken shortly after their arrival in Nashville. Values ob- 
aiaed fell within the range of 9.03 to 11.86 mg. per 100 c.c., with a mean of 


10.39 


*fom 9.00 


rag. per 100 c.c. Since the normal value for blood serum calcium varies 


to 11.50 mg. per 100 c.c.,° with a mean value of 10.3,^ it would seem 


•MhoJemfM' “'Spiv cited the values actually given were expressed In oranis per 100 c-c. The 
IM tc. ™ "“I I’e reached but It was assumed that these were intended to read aiilliaroma per 
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on the basis of the values obtained by us that the blood serum calcium for 
the group here investigated is of the same order of magnitude as is that of others. 

Of interest in this connection are the reports of Radna^ who found blood 
serum calciiun in 134 natives of the Belgian Congo to vary from 9,97 to 10.73 
mg. per 100 e.c., and of Stone,® who suggested that the normal European range 
(9.00 to 11.00 mg. per 100 e.c.) for calcium should be adhered to in the in- 
terpretation of calcium values of normal Rhodesian natives. 

Thanks are due to Mr. T. A. Jones for technical assistance, and to Dr. P. W. Clay tor anJ 
Dr. J. S. Chandler for obtaining the blood samples. Above ail are we grateful to the Dean of the 
College, Dr. E. L. Turner, without whose interest and cooperation this work would not have been 
possible. 


CONCLUSIONS 

1. A total of 385 determinations of blood serum calcium on 309 Negroes 
were carried out. 

2. Blood serum calcium in this group is of the same order of magnitude as 
is found in other groups of the population. 

3. These results are not in accord with those of Harrell.' 

4. Supposed racial differences in susceptibility and response to treatment in 
tuberculosis cannot be predicated on differences in blood serum calcium. 
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LABORATORY METHODS 


QENERAL 


A SBIPLE CONSTANT INJECTION APPARATUS* 


H. Necheles, iM.D., Pii.D., and W. H Olson, Chicago, III. 


I N OUR laboratory we have developed a practical and efficient apparatus for 
constant injection which has such advantages that we want to make its details 
kno^\^^ for the use of other investigator. 

Two types of constant injection pumps are most freijuently used. First, 
a .syringe, the barrel of which is moved forward mechanically,^ and second, a 
pump with valves, by means of which the fluid from a container is aspirated 
and ejected into the animal. The best known pump of this type is the ^Yoodyatt 
pump,® and it is a modification of this apparatus that we are reporting here. 
The rotor type of injection pump avoids the use of valves but is better suited 
for injection of larger amounts of fluid. 

Description of Apparatus . — A 110 volt, 2 amperes, %n horse power, 60 cycle 
constant speed motor with 1,125 r.p.m. is employed.t The motor has a built-in 
reduction gear with a ratio of 40 :1. The gear of the motor is connected to a 
reduction gear box, as shown in Pig. 1. A simple gear shift (A), as used by 
Soskin in the most recent modification of his constant injection pump,^ permits 
easy shifting between the seven variable speeds. The transmitting axis of the 
Rear box is connected to a stroke length adjuster whieli is manipulated by a 
screw (B) and can be set by a wing screw (C). The rotating motion of the 
stroke length adjuster is transfoiuned to horizontal linear motion by V, which is 


Table I 

Volume Ejected by Pusrr at Stroke Lekotu of 10 mm. asd VAnYi.N'o Speeds 


VOLUME IN C.C. 


IK 

1st SPEED 1 

2nd speed 

I3ni> SPEED 

ITII SPEED 

Stii speed 

Gth speed 

7Tn SPEED 

ill.\. 

1V> S.P.M.* 1 

3 S.P.M. 

G S.P.M. 

12 5 F.M. 

24 S.P.M. 

48 s.p.sr. 

96 S.P.M. 

15 

8 

15.5 

30 

59 

IIG 

235 

460 

SO 1 

15.5 ' 

30.2 

60 

118 

232 

465 

920 

45 ' 

2.1.5 


00 

176 

,350 

700 

1,380 

GO 

31.0 

00.5 

120 

235 

466 

930 

1,840 


S.P.M. Strokes per minute. 


fransraitted to the piston of a 1 c.c. tuberculin syringe by ivay of a screw cap 
altaehment E to the top of the piston of a syringe. The tuherenlin syringe is 
to exactly the same height as D in an adjustable support in which it 

'From the Department of Gastro-Tntestinal Research. Michael Reese Hospital. Chicago, 
tBought from the Bodine Motor Co., Chicaeo, Tj-pe NSA53R. 

' ed bj' the X. B. Kiippenheimcr Fund. 
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is clamped doAvn tightljL Larger syringes can also be used. The tip of the 
syringe is connected by pressure tubing to a small T-piece F, the ends of which 
are connected to the valves. All (glass) connections are glass to glass. The valves 
are constructed in the following manner (Pig. 2) : A piece of thick capillap- 
glass tubing is covered on one side by a thin dental rubber dam which is tied 
to it on a small groove. At the side of the capillary tube a small incision is 
made into the rubber membrane with a razor blade, and the capillary tube and 
the glass jacket are connected by means of a piece of heavy rubber tubin';. 
This valve has the advantage of great simplicity, small dead space, no backflow, 
and practically no elastic back pressure. The intake part of the valvular system 
dips directly into a beaker containing the fluid to be injected. This makes 
it easy to change from solution to solution for injection purposes. The outlet 

CONSTANT INJECTION PUMP 



valve is connected to the injection cannula in the animal through a m ^ 
tube. The volume of fluid in the complete valvular system is 
demonstrates results obtained in tests with the assembled instrumen . 
her is the average of three determinations, except the last one wine ' 
ten times. The tests were extended over a period of three days, wi ’ all 
in the degree of accuracy of performance. In order to obtain exac 
rubber tube to glass connections must be ivii’ed, air bubbles must 
and the solutions must be gas free. The syringe must he lenewc^^ 
time because the constant motion tends to grind down the j jpgre is 

must he greased with stopcock grease. As can be seen number 

a nearly linear relationship between the ejected volume of in ^.^jons from an 
of strokes, degree of gear reduction, and time. The small ewa 
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exact Jinear relationship are -within the limits of error of our readings of the 
volumes in graduated cylinders. If one does not want to check the pump 
regularly and rely on previous checks, the volume of injected fluid can be read 
conveniently from a graduated cj’linder into which the intake tube is introduced. 

Injection by this pump is not continuous but rhythmic, varying between 
l^/o and 96 strokes per minute. The volume varies between approximately 0.5 
and 30 c.c. per minute, at a stroke length of 10 mm. B 3 ’ reducing the stroke 
length proportionately smaller amounts and by increasing it, proportionately 
larger amounts may be injected. The apparatus has been in use in the labora- 
torj’ for more than two years and has been found satisfactory. 


PARTS OF VALVE 



Fip. 2. 


SUMMARY 

A constant injection pump is described in which speed and stroke are ad- 
justable. Simple and efficient rubber membrane valves are used which do not 
and have a minimum of elasticity to back pressure. The instrument was 
t’Oiistnicted for ns by our mechanic, JIi’. Carl Griesmeyer. 
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A CELLOPHANE STRAW USED AS AN INK-WRITING POINTER 
IN KYMOGRAPHIC WORK^ 


Emerick Priedsian, M.S., M.D., Norwich, Corn. 


TN STUDYING the respiratory pattern of psychiatric patients it was necessiny 
1 to obtain long, continuous pneumographic tracings. Since tliis was im- 
px’actieal when carried out by means of the standard smoked-drum technique, an 
inexpensive ink-writing setup was devised, Avhich not only solved the mam 
problem mentioned above but was rugged enough to withstand sudden psydio- 
motor fluctuations noted in state hospital patients, and, at t le .same im , 
eliminated the hazard of fire when recording was done on the jegnlar war . . 
This ink-writing pneumographic sy'stem consists essentially o an oi > . 
cellophane straw with the tip fashioned and trimmed to lesemie a sma 



Fig:. 1. 


2 to 3 cm. of the end 
The entire apparatus is designed as follows : ^fnlrlpd in two iengthwise- 

of the straw is pressed flat with the fingei-s and then This end is 

A 5 mm. tip, trimmed to a sharp point, is bent at a fragaeaoth 

dipped into ordinary fountain pen ink to which has leen a 


•From the Metropolitan State Hospital, Waltham. 
Received for publication, July 9, 1940, 
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solution, 5 c.c. per 2 ounce bottle. The ink is drawn up by oral suction to a 
2 to 3 cm. level in the straw. The other end of the straw is inserted into two 
celluloid “sights, one glued to the center of the tambour and one on the air 
pipe behind the tambour, keeping the straw straight and acting as fulcra. 
A3 to 4 cm. length of straw attached to an elongated arm of the signal magnet 
may serve as an ink-writing time marker. If the motor-driven Harvard 
kymograph is used, cheap paper may be purchased in large rolls of 6 inch width 
from any paper mill. This is rolled on the small drum, threaded backward 
around the other small drum and fastened with tape to the recording drum so 
that as the tracing is made the paper is automatically wound up. The ink dries 
by the time the tracing has gone around the drum With this procedure, long, 
continuous, ink tracings may be made with the pointer moving in the vertical 
plane. 








FiS. 2. 

Fig. 1 illustrates the setup of the cellophane straws on a standard motor- 
(Ii’ivcn Han'ard kj'mograph. 

Fig. 2 is an abdominal and thoracic pneumograph of an induced metrazol 
*?onvulsion. This tracing illustrates the iniggcdncss and apparent accuracy of 
this ink-AM-iting straw. 

The setup, as described, has given satisfactory ink-written pncumograpbic 
tracings as well as records of certain muscular movements for the past year. 
The lightness of this cellophane .straw and the simplicity of the described 
Jippavatus, with the elimination of time spent on the smoked-drum technique, 
should make tliis a usable setup, especially in student and liospital laboratories. 



POSSIBLE SIGNIFICANT ERRORS IN ROUTINE TUBERCULIN TESTS* 


Norman Rosenberg, M.D., and Arthur C. Allen, M.D.,t New York, N. Y. 


I N A GENERAL hospital the intracutaneous tuberculin test is widely used 
for diagnostic purposes. The substance usually employed is old tuberculin 
(O.T.), although in recent years the purified protein derivative (P.P.D.), a 
highly refined but more expensive tuberculoprotein, has found extensive use. 

In the preparation of very^ dilute solutions of tuberculin for skin tests, tlicrc 
are possible a number of technical errors, some of which have been repeatedly 
pointed out in the literature. Thus, Parish and O’Brien (1935) have amply 
demonstrated that the usual cleaning and sterilizing procedures fail to destro) 
or to remove an appreciable quantity of residual tuberculin from glassware with 
which this highly tenacious and stable substance was prevdously in contact. 
Nelson, Seibert, and Long (1937) have reaffirmed the remarkable heat stabilitj 
and adherence to glass, and have accordingly advised the use of individual, 
marked syringes for each dilution. 

Most standard textbooks on clinical and laboratory procedure mention no 
detailed method for diluting old tuberculin, while often discussing 
the actual method of performing the test itself. In those few manua s a 
do discuss dilution procedure, a variety of methods is described. A 
the current literature reveals a similar variation in methods suggesle or 
preparation of dilutions of old tuberculin. . i. 

In canvassing a number of large general hospitals, we w'ere again s 
with the variety of methods used to prepare solutions of tubercu in- 
variation in dilution technique was confined to methods employing o 
lin. Institutions using purified protein derivative, which is in the greater 

of known weight, show more uniformity in procedure, thus reflecting e 
ease with which this substance may be handled. The folloiving is a pr 
which, according to our information, is likely to be used in some 

Dilutions of tuberculin are prepared by drawing up 0.1 c.c. o o ’ ^ ^ ^ 
(supplied by the New York City Department of Health) in a stan a ^ 
“tuberculin syringe’’ graduated in tenths, twentieths, and 
cubic centimeter. Saline is drawn up to the 1 c.c. mark. An air u 1 1 ^ 

introduced, and by repeated inversion, the two solutions are mixe 
1 -.10 dilution of old tuberculin. The syringe is then emptied to t le po 
only 0.1 c.c. remains, and by repeated manipulations as above f 
tions 1 :100, 1 :1,000 ... 1 :100,000 are prepared, all in one syringe. ^ jjt 

testing is then carried out, still with the. very same syringe, a ei 
the dilution desired. That such a procedure introduces laige and 

estimation of the degree of skin sensitivity to tuberculin seems 
will become more evident. 

•From the Laboratories of the Mount Sinai Hospital. New Vork. 
fGeorere Blumenthal. .Tr., Fellow in Pathologj'. 
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Patients on the jMedical Wards of the Mount Sinai Hospital, New York 
City, were subjected to comparative tests: On the skin of one forearm (flexor 
surface) a 0.1 c.c. intradermal wheal was raised with a “1:100,000” solution 
of old tuberculin prepared as above described. The other forearm was simi- 
larly and simultaneously injected with 0.1 c.e. of 1:100,000 solution of old 
tuberculin prepared in individual test tubes as follows : 

0.5 c.c. of O.T. -t- 4.5 o.c. of 0.9 per ecnt saline solution = 1 :10 dilution. 

0.5 c.e. of 1 :10 dilution + 4.5 c.e. of saline = 1 :100 dilution. 

0.5 c.c. of 1 :100 dilution + 4.5 e.e. of saline = 1 :1,000 dilution, etc. 

A single standardized 5 c.c. pipette was used to deliver the saline, but different 
1 c.c. pipettes, calibrated in tenths of a cubic centimeter (also standardized*), 
were used for each dilution of old tuberculin, and were marked so that they 
would not be used for other dilutions. The amounts of solution were relatively 
large and easily handled, so that errors in measuring were thereby made minimal. 
Tuberculin of the same lot and preparation numbers was employed for all ex- 
periments (preparation No. 142, lot No. 173). Readings were taken at twenty- 
four, forty-eight, and often seventy-two hours. Those at the end of forty-eight 
hours are listed in Table I. 

Prom Table I it is readily seen that even a 1 .10,000 dilution prepared by 
the "multiple pipette” method is weaker than the so-called 1:100,000 dilution 
of the "single syringe” procedure, (Confoi'ming to the practice of most workers 
in the field, we considered size as the main indicator of the intensity of the 
tuberculin reaction. This is the most easily quantitated feature of the response 
to any given dilution, and, wo believe, ronglily parallels the intensity of the 
re.iction. Our scale for elassifieation of results is indicated in Table I.) 


DILUTION 

NO. OF 
CASES 

“SINGLE SYRINGE’* 
PROCEDURE 

“MULTIPLE pipette” 
METHOD 

DIAMETER 

<5 5-10 11-15 lC-20 >20 
mm. mm. mm. mm. rara. 

0 1 + 2+ 3+ 4+ 

0 1+ 2+ 3-1- 4-1- 

r:WU,000 

1:10,000 

33 

14* 

of above 
cases 

12 0 6 4 11 

30 3 0 0 0 

It G 2 3 2 


Prenara,r u Cases In this croup were previously positive only to the 1:100,000 dilution 

^ “single syringe” procedure. 

metbed 'vas then retested with a 1:1,000 dilution prepared by the “multiple pipette" 

PrcDarp/v.'^ found positive (2+). It was previously positive (4+) to a I'lOO.OOO dilution 

u Dy the "single syringe" procedure. 


Another type of comparison was attempted on a series of 9 patients who had 
been previously tested. In one forearm 0.1 c.e. of a 1 :1,000,000 dilution 
( single .siTinge” procedure), was intracntancously administered, while simul- 
meously, 0.1 c.c. of a 1:10,000 dilution (“multiple pipette” method) was 
'".IMted into the skin of tlie other forearm. The results (after forty-eight hours) 
Table II. 

One cubic centimeter pipettes ordinarily do not deliver exactly 1 c.c. of fluid, 
landardized pipettes are, therefore, recommended for more accurate dilution. 
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Table II 


PATIENT NO. 

“SINGLE syringe” PROCEDURE 
1:1,000,000 DILUTION OP O.T. 

“multiple pipette'' METHOl 
1:10,000 DILUTION OF O.T. 

1 

2-1 

1+ 

2 

2+ 

1+ 

O 

0 

0 

4 

of- 

1+ 

5 

2-t 

1-1 

(5 

1+ 

1-1 

7 

1+ 

0 

8 

2-1 

1+ 

0 

2-1 

1+ 


It is easily seen from Table II that the “single syringe method is ah- 
normally sensitive. That this is due to a combination of errors will be demon- 
strated. 

The effects of adherence to glassware on the accuracy of tuberculin dilution 
were briefly studied. A comparison of dilutions prepared by the mu tip e 
pipette” method was made with a similar set of dilutions prepared b\ usiUn a 
single pipette throughout. Arbitrarily, the pipette was rinsed fire times in 
each successive dilution in the course of the latter method, Foui patients iveic 
tested simultaneously. 


Table III 



1:100,000 DILUTION OF O.T. 

1 1 :-10,000 DILUTION OF O T 

[(tested 72 HOURS AFTER 1.100, " — , 

PATIENT 

NO. 

MULTIPLE 

PIPETTE 

SIETHOD 

SINGLE 

PIPETTE 

PROCEDUPvE 

1 

1 multiple pipette 
method 

SINOLF. PIPETTE 

procedure 

1 

2 

3 

4 

0 

s 

0 

0 

1-1 

1-1 

1-f j 

0 

(2-1 with 1:1,000) 

1+ 

3-1 

(16 by 15 mm.) 

2-1 

(11 bv 10 mm.) 

1 

Not testcil 

3+ 

(20 by IS mo'') 

"+ 


Undoubtedly the reasons for the discrepancy between ne of 

single pipette methods lie in the adherence to the pipette of su 
tuberculin to increase irregularly the concentration of a gi' cn so n 


presumed potency. ^ the 

It will be noted that this discrepancy is less than that ^^cdiod. 

“single syringe” procedure is compared with the ‘ ° ^^gtliod, 

This is accounted for by another source of error in the sj i inf,e gttemplc^ 
the inadvertent seepage of fluid betw'eeu the barrel and piston, 
to estimate the extent of this error. . ^ staiidai'J 

Slightly more than 0.1 c.c. of old tuberculin was diawn^^^^ 
tuberculin syringe. The syringe point was then turnc upw draiui iit 

excess solution and the few small air bubbles which aie ^ done, il 

so that only 0.1 c.c. of old tuberculin finally remained. seeped bc- 

beeame evident that, by capillarity and by gravity, tii varving usuall.'' 

tween barrel and piston along the shaft of the syringe o po _ ^ rp],js t.vpe 
between the 0,40 and 0.70 c.c. marks (results of a luimiei 
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of seepage is clearly illustrated in Fig. 1. The volume of the space between 
barrel and j)iston was then actually calculated. This was done as follows : 

The diameter of the piston was easily measured to the ten-thousandth of 
an inch by a suitable micrometer (Stari'ett ^licrometer No. 113). Then the 
diameter corresponding to that of the barrel cavity was asceifained by the use 
of a gradually tapering metal cone which was inserted tightly into the syringe 
barrel as far as it would go. The diameter of the cone at the plane of impinge- 
ment against the inner wall of the syringe was measured with the micrometer. 
This value cliecked with a measurement of a paraffin cast of the barrel cavity. 

From these data it is possible to calcidate the actual volume of fluid that 
seeps for a given distance between the barrel and the normally fitting pi-ston, by 
means of the formula: 

Seepage Volume = V -v *= irii (R^ - r-) 

V’horc V and r represent the volumes of the barrel cavity and jiiston, re- 
spectively, over a given lengtli, h, with R and r representing the radii of their 




Pig. 1.-— Note seepage of tuberculm mto space between piNton and barrel 

respective cross sections. Calculated to the 1 c.c. mark, the seepage siniee is 
found to equal fully 13 c.mm. or an error of about one part in 75. This intro- 
‘laction of more concentrated old tuberculin into successive dilutions constitutes 
311 additional source of error in this method of dilution. 

If one adds to this the “iuiman'’ error whicii must enter into the handling 
so closely graduated an instrument, the u.se of a syringe method of dilution 
w?omes still further open to condemnation. 

It beoome.s ap])arent, then, that a method whicli emplo 3 ’s a single syringe 
both dilution and skin testing is open to many errors, most of which 
in one direction, namely, to make the final dilution stronger than actually 
intended. These are (1) the error due to the affinity of tuberculin 
glassware; (2) tiie error due to seepage of old tuberculin between barrel and 
and (3) the ‘'human” error, ivhich is greater with a finely graduated, 
^ 3tivcly poorly controlled instrument, such as a svringo, as contrasted with a 
pipette. 

COMMENT 

Various workers have shown that individuals with active tuberculous 
are usually far more sensitive to tuberculin skin tests than are the posi- 
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berenloiis from the genera! popnlation. This Ai4m”as37)*ttate!''ll'V4- 
fii'n oT*n patients failed to react to a InOOMdita 

he, ““ a«ivo 0- mi. ; 

to a i lii 1, ? 7 *«• (This does not guile mr«p..d 

hvi.lT , 1 . ,„7' °* “““"“maot-) Similar tindings have lieeo rcporW 

b3 others (Pan, 1937 and Hunt, 1939). 

Th,. 0 . figUTes Avhich we liave presented lend confirmation to this im- 

p e Sion inasmuch as none of our ward patients, all clinically nontubeveulous, 
^ave reactions to a 1:100,000 dilution (“multiple pipette” method) measurine 
} mm. wo indi^^duals with aeth'e tuberculosis we tested, however, did 
react to high dilutions: one to 1.-100,000, and the second to 1:50,000. On the 

1 .1 nn 7-1 our. nontnberenlous patients reacted to a 

, dilution prepared bj- the “single svTinge” procedure. 

- suggested that one of two methods he employed by the general hos- 

pita in the preparation of weak solutions of tuberculin: (1) that purified 
piotein deihative be used. This is a substance of standard purity and potency 
u lie 1 is 1 elativeh' eas.v to handle with a minimum of error ; or (2) that dilu- 
ions of old tuberculin be prepared in a central portion of the hospital, prefer- 
a V in the bacteriologie laboratory where a proper technique ma,v be emploj'cd. 

1 ute solutions®' will, if stei’ile and preserved with 0.25 per cent phenol, remain 
potent for at least one week, (Long and Seiliert; Lincoln, Baia, and Gilbert). 

le iiief maj* be made for old tuberculin that it has a vast literature behind it. 
V., actual test, different, labeled syringes should be u.sed for each 

1 ution, legardless of whether pm-ified protein derivative or old tuhercalin i.‘' 
employed. 


SPSIMART 

( 1 ) The possible ei'rors attendant in the dilution and use of old tiiberculm 
or intradermal testing have been emphasized. 

(2) The use of the “single syn-inge” procedure, which may give nse to 
an eixoi of tenfold to himdredfold in the prepar-ation of dilutions, is in- 
a visable for tuberculin as well as other biological solutions. 

(3) A reasonably accurate method for preparing such weak solutions has 
been suggested. 

(4) (Lonfirmatoiy evidence as to the possible significance of skin sensitivit.' 
to high dilutions of tuberculoprotein is presented. 
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STAND POE ASEPTIC OPERATIONS WITH IIORSLEY-CLARKE’S 
STEREOTAXIC INSTRUMENT*' 


E. A. Spiegel, M.D., Philadelphia, Pa., axd 
II. R. JIiLLER, JI.D., New York, X. Y. 


'T’HE placing of cerebral lesions by means of the Horsley-Clarke* stereotaxic 
apparatus under sterile conditions can be facilitated considerably by em- 
ploying the stand described below. 


A base plate fixed to the animal board by clamps carries on. each side an 
anterior column A (Fig. 1) for fixation of the orbits, and a posterior column P 
for fixation of the external auditory canals. P carries the anral jiivot p, which 
IS inserted in the funnel of tlio ear plug; p is fixed by a screw 1. P also carries 
a slot (j into which the lateral bar of the horizontal frame of the stereotaxic 
apparatus is inserted. The screw 2 holds the frame in place. 

The column A carries the following parts- (1) the infraorbital brackets b 
sliicli rest upon the lower margin of the orbit; the brackets can be moved in 
the horizontal plane toward or away from the midline, and forward and back- 
"■ard, and are held in place by the screws 3 and 1. Thus the orbital and nasal 
plates of the Horsley-Clarke apparatus arc not needed. (2) A horizontal bar B 
"ith posts h upon which the head holder rests. The liar B can be moved ver- 
t'eally in the slot si, so that the upper jaws of the animal are pressed against 
the brackets h. (3) A groove G into which small horizontal bars fit that are 
™ed on the lateral bar of the horizontal frame of the stereotaxic apparatus, 
he screw 5, which can be rotated in the frontal plane, lies horizontally (as 
* own in the figure) when it is not used, and stands vertically when it holds 
*he apparatus in place. 

The axi.s of the aural pivots p and the undersurface of the infraorbital 
fockets b lie on a plane parallel to the base plate. The bottoms of the grooves 
5 O'ld G that receive the stereotaxic apparatus lie in a second horizontal plane 
® that the tiase frame of the stereotaxic apparatus is parallel to the plane de- 
mmed by the e.xternal meatus and the lower margin of the orbits. The 
sagittal plane is indicated by a small vertical plate pi. 


t’‘aicrs[tv1c/.,,*'®,^®PArtnient of Experimental Neurolosj-. D. J. AlcCarth 
o ^ i MedIcJne. Philadelphia, and the Monteflore Hospital, 

reived for publication. July 29, 1940. 
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The operation is performed in the following steps : The liead ot tlie animal 
(cat) is placed in a Czermak head holder (of the Harvard Instrument Com- 
pany) ; the ear pings and the aural pivots are inserted; the brackets h are 
placed on the lower margin of the orbits, and the upper jaws are pressed against 



Fig. 1. — stereotaxic apparatus helcl above 




brackets b, groove G, and bar B with posts a for head „iLii plane, 

pivot p and groove g. 1-5: screws; pi. indicates the median s a 
stereotaxic apparatus is omitted. 


the brackets by raising the liar upon which the liead hole ei les s. 
shaved and the brain is aseptieally exposed. The stereotaxic “Pl’f . ^p. 

placed on the frame and fixed by screws 2 and 5. Upon 
eration the stereotaxic apparatus is removed and the wound is c os 
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TECHNIQUES FOR OBTAINING ELECTROENCEPHALOGRAMS USING 
OCULAR AND INTRANASAL ELECTRODES* 


A. Barnki’t,! M.D., New York, N. Y. 


U'LECTROENCEPHALOGRAPIIIC procedures have now come into general 
^ use for the localization of certain types of brain pathology, such as tumors 
and epileptic foci.' For this purpose, it is desirable to take off potentials at 
points as close as possible to the pathologic locus. Up to the present time ex- 
ploration has been limited to points on the outer surface of the cranial vault. 
The eye being, anatomically, part of the brain, it was thought to he of interest to 
develop a method for studying potentials taken directly from the surface of this 
organ. IVith an electrode applied to the cornea, the soft tissues within the orbit, 
including the eyeball, would behave, electrically, like a mass of absorbent cotton 
soaked in normal saline. Such a diffuse electrode would be expected to take 
off potentials (1) indirectly from the frontal lobe through the orbital roof; 
and (2) directly from the region of the ehiasma and the hypothalamus via the 
optic nerve. An ocular electrode would thus he of value in studying eleotrical 
phenomena arising in these regions. 

bibet and Gerard,^ working with the frog brain, have recently shovni that 
the olfactory bulb generates a rhythm of its own which persists after separation 
irom the rest of the brain and wliich may he detected in olfactory bulb frag- 
ments weighing as little as 0.1 mg. These authors’ have also put forward 
evidence for the existence of a jioteiitial gradient along an electrical axis, ex- 
tending between the occipital pole at one end and the olfactory Inilb at the other. 
It seemed to be worth while, therefore, to provide a tccliniqne permitting the 
study of electrical events occurring in the olfactory bulb in man. 

The purpose of the present paper is to describe procedures for obtaining 
tetebral potentials from the surface of the eye and from the interior of the nasal 
'^siity in the vicinity of the olfactor.v neiwc. 


The Electrodes. — Pig. la shows an ocular electrode which may be applied 
directly to the eyeball without the use of an anesthetic. It is composed of a gold 
shell I provided with a platinum stem s. A fine wire w leads off potentials from 
stetn s to the amplifier. Shell portion h is shaped to reproduce tlie form and 
uimcnsioas of tiie so-callcd “contact” glass lenses now in commercial use for 


eotrecting errors in refraction. It is of circular section and inca.surcs 21 mm. 
w diameter at tile base and S mm. in height. Attempts were made to utilize 
ass contact lenses as electrodes by inctalizing the intci-ior and exterior surfaces, 
'Ut lic cansc of difficulties in obtaining a firmly adlierent metal film and the 
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danger of breakage, the solid gold type of electrode was adopted. In applying 
contact lenses to the eye, it is nsnal to half fill the lens with 0.5 normal saline 
prior to insertion. This makes the lens adhere firmly to the eyehall. Com- 
parative tests with and Mdthont 0.5 normal saline showed that satisfactory elec- 
trical contact of the electrode with the surface of the eye could he ohiaiiicd 
Anthont recourse to saline. Tests carried out on my eyes Avith and Avithout an 
anesthetic (holocaine) also shoAAmd that there Avas little gain in comfort hy mine 
the anesthetic. 

The intranasal electrode represented in Fig. lb is composed of a length of 
ordinary solder AA*ire c/ enclosed in a sheath of “spaghetti” insulation Sp up to 
a point about % inch from one end. A small A\’ad of absorbent cotton c Is 
tAA'isted oA'er the actiA'C end of the electrode and held in place by scAcral turns of 
ordinary scAA’ing cotton. A fine Avire w, soldered to the opposite end of the 
electrode, leads off to the amplifier. 




Fig. 1. — Electrodes for obtaining electroencephalograms: 

electrode. 


n, ocular electrode; 6, 


intr-maral 


Experimenial Procedure . — In preparing for electroenceplialoguipl'ic ^ covered 
subject in a sitting position, the usual lead pellet electrodes, their aetbe . ffonril, 
electrode paste, are first fixed in place by means of collodion in the occip pLecd in 

other regions to be explored Avith relation to the ej'e and no.'e. The su jee pvt. 

the decubitus dorsalis position, and the e\'e electrode is slipped into place i (o tfcc 

lids. The subject is alloAved to rest for a few minutes so as to -pion "iiirli ira.'‘ 

electrode and is instructed to seek a comfortable partially clo.'cd eieli p type 

be retained without blinking. This can be done by the aA'crage modern c. . ^ pUnh 

subject Avitbout great difficulty. HoweA'cr, CA’cn in the best or j l,_v thr nP' 

artifacts appear in the recordings, generally in groups, and are eas , 
pearance of large, rapid, potential changes. jjj.;! vith 

Prior to placing the nasal electrode in position, the nasal cant} iinsal 

1:10,000 adrenalin solution, then with a 2 per cent solution and >? ’’’ 


nioi.stened Avith normal saline, is then inserted as far as possible 
place by stuffing absorbent cotton into the free space between the 
nasal Avail. 


electrode body 


V and tk 


Becords Avere made in a shielded, darkened room, using 


ti,e two-channel, 


•“ “ > .' , f of tiie amphfi'’^ 

writing recorder-amplifier described by Ealini.'' The time cons fronto 

second. ConiparatiA'c tracings ivere made of eye occipital, nose occip 




..o.-cip'*-'' 
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potentials. These same potentials were also compared with those taken off from the occiput, 
forehead, eye and nose, using the lobe of the ear as a relatively inactive point of reference. 
The ear electrode was, however, not grounded. In order to insure against the possibility 
of coopling of the roUage.s led to the two amplifiers, leads feeding each channel were always 
taken from independent points. For example, if it was desired to compare the eye occipital 
irifh the ear occipital potential^-, eoitneetioiwr were made to the rigfit occiput and the rxght 
eye for one channel, and with the loft occiput and the ear for the other. Whenever possible, 
all leads were taken from the same hemi.‘'phere. The frontal and occipital electrodes were 
pheed symmetrically at 3 cm. to the right and left of the midline. Only one ocular electrode 


I i" '■•'■..V V';,K'V ; .• ■ . ■„. 

,,... ,„v_j'SouV. 

* ' ' , V « \ «y J* . 

■w--^ - - 

■ ‘'*wy/ .-,v<'' »i 







l^g. *> 
neco 
Rcco 

Ms are .* 
‘Hi hemhi 


•♦ained wilh ocular and intranasal electrodes, 
ten on a normal subject. , ,, 

and after hyperventilation on an epileptic patient, 
e N. nose; It, ear; t, frontal; and 0, occipital. AU 
•, ept those bearing the subscript h, which are from the 


I. Bye occipital and fronto-occlpital. 
II. Nose occipital and ftonto-occipital. 
TIL Occipital ear and eye occipital. 

IV. occipital ear and no'se occipital. 

V- Frontal car and eye occipital. 

A^I. Frontal ear and nose occipital. 
Eye-ear and fronto-occlpital. 

A^ll. Nose-ear and fronto-occlpital. 

IX and X. Nose-ear and fronto-occlpital. 


™ "S'** O’'^- SirauitaHPous left ana riplit fronlo- 

tribl J.”'”'*® »ornial subject for whom results arc shown in Fig. t showed neff- 

!*iu' I p'rase, frequency, and amplitude. Studies of both aasal and ocular 

" ® 'cere carried out on a total of six normal subjects. 


‘ RESULTS 

tiom, 1" X *0 VIII, inclusive, show typical tracings obtained on a 

, f'^n'aie, D. D.. aged 26 years, Avith the ocular and nasal electrodes de- 

above using various electrode coniinnations. Records I and 11 show 
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eye occipital (E-0) aad nose occipital (N-0) potentials, each taken simnl- • 
taneously witli a fi’onto-oceipital (Fl-Ox,) tracing serving fov comparison. All ' 
these curves are of about the same amplitude and frequency, exhibitins an 
alpha rhythm of 10 per second. In order to obtain a better idea of the contrilm- ‘ 
tion of the ocular and nasal components to the total recorded potentials, traeiii?? - 
were made using occipital ear (Ol-R) and frontal ear (P-E) leads, cacii liikn ’ 
simultaneously with eye occipital and nose occipital records. Asrnllbesccn - 
from tracings III to VI, inclusive, both the occipital ear and frontal ear po- - 
tentials are of lesser amplitude than those obtained with eye occipital and nose • 
occipital leads. Finally, in tracings VII and VIII, eye-ear (B-E) and nose-car 
(N-R) potentials are each shown with simultaneous fronto-oecipital records for ' 
comparison. Both the ej'^e-ear and nose-ear tracings contain a certain amount of ' 
alpha modulated by a faster rhythm of about 25 per second of lesser amplitude. 
The proportion of fast component was found to vary considerably in different 
subjects. As mil be seen by a comparison of tracings III to VI with VII and ■: 
VIII, the amplitudes of the eye-ear and nose-ear potentials are consideraiily y 
less than the corresponding frontal ear and occipital ear potentials. The eye- ; 
ear potentials are of the order of 15 to 20 microvolts, while the nose-ear po- i 
tentials are about 10 to 15 microvolts. A typical blink artifact is shown in the .r 
eye-ear record of tracing VII. ' 

Since, as has already been pointed out, the occipital pole and the olfactop, 5 .. 
bulb of the frog represent, according to Gerard and Libet,® opposite ends 0 on 
electrical axis along which a potential gradient exists, an attempt was nm c 0 
follow in parallel the effect of an electrical change on the occipital 
potentials. For this purpose, simultaneous tracings were made of thc^ ron | 
occipital and nasal-auricular potentials on T. R., a male epileptic 
aged 21 j’^ears, before and after mild hj'perventilation. The results are sio^ ^ 
in records IX and X. Prior to hyperventilation (IX), oceasiona 
alpha were picked np by the nasal electrode coincidentally 
of similar bursts in the fronto-oceipital leads. After hyperventilation ^ ^ 

fronto-oecipital potentials show practically continuous alpha acti' ity 0 ^ , 

nearly constant amplitude. The amplitude and percentage time a p ui - 
nasal tracing were found to increase to correspond to the alpha cianoC .y 
fronto-oecipital leads. 


DISCUSSION 

In the eye records action potentials arising in the extrinsic muse 
eye or in the muscles of the eyelids ivould be due to such action rotul’-" 

be necessary to maintain these muscles at a relatively fixed tonus, sin 
of the eyeball or movements of the lids appear on the lecoi ^ 
potential changes. The frequencies of the action potentials from ic. 
do not appear to have been reported in the physiologic literatuiA 
nificant to note that the 25 per second rhjTlim appearing m t le ey c 
(Fig. 2, VII) is also found in the corresponding froidal and 

(V, VI, and VII). This would argue in favor of its being of ceie ‘ ■ 
than of muscular, origin. Jasper and Andrews'* ha’ie repm e 
of a beta rhythm of 25 per second of precentral fionta 
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Grinker and Serota,® using an electrode inserted tlirougli the anterior wall 
ol the sphenoid sinus, describe a 4 to 6 per second rhythm of hypothalamic 
origin. A study of the various ere tracings whieii, as has been pointed out, 
Might contain hj’potlialaraic potentials taken off by the optic nerve, failed to 
show the presence of slotv waves of this kind. 

It would be hazardous to attempt to explain llie origin of flie aiplia nasal 
potentials. With the electrode in contact with the intranasal ramifications of 
[he olfactory nerve, the alpha potentials picked off may arise in the olfactory 
Iraib, in the frontal lobes,® or even be transmitted from tlic occipital cortical 
tenters.' The hyperventilation experiment merely shows a parallelism in tile 
response under a nasal eleetrode and from fronto-occipifal leads, but it does not 
permit conclusions as to interrelations of a eontroliing nature between the two. 

SUJIHARY 

Tecimiques are described permitting electrocnceplialograms to be made 
asing a metal "contact” lens type of ocular electrode and a nasal eleetrode of 
iimple design. Potentials taken off between one car lobe and the surface of 
Ihe eye or the interior of tlic nose show the presence of alpha rhythms to- 
jether with rhythms of higher frequency liaving the cliaractcr of lieta waves. 
The eye-ear and nose-ear alplia potentials arc of lesser amplitude than those ob- 
tamed using occipital ear and frontal car leads. In an epileptic person marked 
toges in fronto-oecipital potentials caused by hyperventilation were accom- 
panied by parallel changes in nasal-auricuiar potentials. 
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A METHOD FOR COUNTING THE LEUCOCYTES IN BLOOD 
CONTAINING GUM ACACIA* 


J. Victor Monke, M.S., Baltimore, JId. 


A fter the injection of gum acacia into the blood stream it is not possible to 
obtain satisfactorj' leucocyte counts using the customary Tuerck’s solution 
(1 per cent acetic acid) as the lydic agent of the red blood cells. Instead of a 
clear microscopic field containing only faint shadows of the red blood cells, one 
obtains, in the presence of gum acacia, an incomplete l.vsis of red blood cell 
structure, and an amorphous debris representing clumps of red blood cells in 
varying states of disintegration. This diffieulty was first observed by Huffman 
and was briefly investigated by Walker.^ The latter stated that N/IO hydro- 
chloric acid could be successfully substituted for the acetic acid. 

Similar difficulties in obtaining satisfactory lysis of red blood cells veic en- 
countered in this laboratory when attempts were made to determine vhet lei or 
not the leucocytes were effectively removed from the blood stream of amma » 
subjected to complete plasmapheresis with gum acaeia-red 
solution. Although ‘Walker described satisfactory results using N/ 
chloric acid on human blood containing gum acacia, further investigation on ou^ 
part showed it altogether unsatisfactory with dogs’ blood and _ 

in human blood. In the face of this diffieulty, an attempt was ma c o 
other heiholytie agent which ■would make possible tlie counting of t le euco . 
under the conditions described. 


method _ _ j 

A series of hemolytic agents was prepared. The result 
was compared with the optimal result obtained by the use of 1 1 n e ac 
on normal blood. For each comparison two portions of the same 
w'ere centrifuged. The plasma of one portion was carefulh ^ 
placed with an equal volume of 6 per cent gum acacia 
saline. Both portions of blood Avere then sliaken vigorouslj foi 
A standard diluting pipette (1:20) was used to prepaie the ' 
blood samples for the counting chamber (standard American lyiic 

LeAW-Hausser counting ehamberf). The criteria requiied of a ’ p(,]iiilar 
agent Avere first, that it produce a clear microscopic ne of 

debris, and second, that it permit a scries of cell counts, t le (^^Inpk 

and the probable error of Avhich, AA-as the same as that of a j,„(j henio- 

in which the usual Tuerek ’s solution liad been used as the 


h'zing agent. 


•From the Department of Physiology. School of Medicine., Marj'la'"'- 
phis, and the Department of Physiologj-, School of Medicine, 

Beceived for publication, August 10, 1940. j , i i pa. 
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OBSERVATIONS 


1. Acetic acid: Dilutions of acetic acid, ranging from 0.5 per cent to 5.0 per 
cent, were made and tested for their effect upon tlie tysis of red blood cells. 
Solutions of 0.75 to 1.0 per cent acid are the mo.st satisfactory. Concentrations 
higher than this reduce the red blood cells to pointlike specks. IVlien gum 
acacia is present in the blood, the laking of the red blood cells does not take place. 
Instead, large clumps of cells form as the diluting fluid is drawn into the pipette. 
Under tlie microscope, the white blood cells arc difficult to find because of the 
irregular, course, amorphous collections of red blood cells and cell debris which 
occupy the field. Numerous individual red blood cells appear as pale brownish 
j'ellow .spheres or as unorganized masses. 

2. Lactic acid: Dilutions of lactic acid were also made. Using normal 
blood, this acid is equally as effective as acetic acid. Its optimal concentration 
k about l.S per cent. In blood containing gum acacia, however, the I.vsis of the 
red blood cells results in the same amorphous precipitate as that encountered 
mth acetic acid. 

3. Hydrochloric acid: No concentration of hydrochloric acid was found 
which gives as clear a differentiation of Icucoc.vtes in normal blood as docs the 
1 per cent acetic acid. Although the N/10 h.vdrocliloric acid permits the count 
of leucocytes in fields of normal blood, the fields are frequcntl.v filled with in- 
distinct dotlike forms which cannot be brought into clear foctis. The gum-con- 
taining blood always possesses a more pronounced background of these small pin- 
point bodies. The leucocytes in some samples of human blood may be easily 
counted, while other samples have too much debris and too great a density of 
dots in the background to permit more than a hazardous gue.ss on the number of 
"'bite blood cells present. With dog blood it is impossible to make reliable counts 
on any sample.s of blood containing the gum acacia. 

4. Phosphoric acid: As an example of another inorganic acid, phosphoric 
acid was tried and, under the same condition.s of normalif.v .ns the hydrochloric 
acid, it was found to be a somewhat better lytic agent for the normal red blood 
cells. However, it too is an unsatisfactory hcmol.vtic agent in bloods that con- 
lain gum acacia. 


5. Saponin: Since neither organic nor mineral acids promised to produce 
desirable results, a different typo of lytic agent was investigated. It was found 
lliat the lysis of red blood cells, either in normal or in gum-containing bloods, 
Was complete when the glycoside, saponin, was used. Saponin alone, however, 
did not produce a satisfactory microscopic field even though a range of solutions 
com 005 per cent to 5,0 per cent was investigated. The white blood cells ap- 
fcaccil small and misshapen. Addition of any of the aeids prcviou.sly tested 
''''mediately produced the usual bad effect. Normal saline was finally added on 
c assumption that it would protect the white blood cells a.gainst undue di.s- 
“climi resulting from the osmotic effect of a hypotonic solution. A solution of 
' her cent saponin and 0.9 per cent .saline was found to he quite satisfactory, 
a 'vliile blood cells were vitally .stained hr adding methyl violet in a concen- 
II* fl-l per cent to the saponin-saline solution. When two fields of normal 
“'i. one diluted with acetic acid, and the other with a saponin-saline Solution, 
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were compared side by side, the white blood cell counts of each were fomtl to 
agree with a precision mthin the range of probable error of the measurement. 
When the leucocyte counts were made on blood containing gum acacia, they were 
found not only to be made easily, but also to be identical with those made on 
samples of the same blood containing no acacia. It was found that the rate of 
lysis by saponin is proportional to the concentration of the Ijdic agent, and to 
the number of cells. The solution of 0.1 per cent saponin in 0.9 per cent saline 
requires about five minutes for complete lysis of all red blood cells. This action 
may be watched under the microscope and the time of complete lysis may be 
readily determined. 

In addition to the three types of lytic agents discussed, the simple osmotic 
lysis of “gum acacia” cells in hypotonic solutions of sodium chloride n as also 
studied. The degree of hjqaotonicity at which red blood cells rupture was found 
to be unaffected by the presence of gum acacia, regardless of whether the gum 
had been added to the cells in vitro or in vivo. 


DISCUSSION 

No satisfactory’’ explanation for this failure of the common Ijdic agents to 
cause the lysis of red blood cells, suspended in gum acacia, can be e uce 

the data collected. . , . 

Simple lysis of red blood cells by hypotonic solution of inorganic salts is 

result of osmotic equilibration.® Variation in the rate of lysis J i 
organic salts is related only to the relative speeds of diffusion o le ions 
cerned across the plasma membrane. As mentioned in the picMOUS pa o 
this action is not hindered by the presence of gum acacia. osmotic 

Inorganic acids apparently cause lysis by some action ot ei ‘ 
one. Bodansky® lists phosphoric, sulfuric, hydrochloric, an ^ 
order of decreasing effectiveness as agents in the Ij’sis °° Ivtic action 

investigator states that the pH is not the only factor coneeine in le^ ^ jp^ction 
and that the effect is primarily not an osmotic one. More i e j i ^ 
upon one of the units of structure in the cell membrane. us i 
probably be the protein molecule, the orientated structuie o wn 
by the acid. Gum acacia definitely interferes vuth this action. osmotic 

The organic acids cause lysis of the red blood cell ^ ^ decreases tbe 
action.^ Increasing the osmotic pressure of the dilutmg lU llppid 

effectiveness of the lytic agent, but a close relationship is oun |jjg]ier tbe 

solubility and the hemolytic activity of the organic aci . ^ is tlm 

molecular -sveight and the more lipoid soluble the acid, t le this 

acid in equivalent concentrations. Gum acacia in tei feres ma 


tjqie of lysis. . ^ The fundamental aclio" 

Saponin represents a fourth type of lytic agent. ^ yp^cts 

of a simple lysin such as saponin is imagined to be one m i' after l.v-'U 

wuth some component of the red cell memlirane, and whic i eo as a 

is complete until the cell component concerned is 

result of a union wdth the ly.sin.”® Saponin causes an ini ^ sohib''" 

by a complete stromatolysis. The simple lytic effect o^ a (lejicc of 

nonadditive to the more complex saponin lysis, implj mg nn 
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Iwo processes.® Gum acacia does not. affect this action. If acids are added to the 
saponin, the same precipitation is encountered which is observed when the acids 
are used alone. Saponin, acting on the lecithin portion of tlie stroma, may com- 
pletely disorganize the cell and stroma. Inorganic acids acting on the cell mem- 
brane may act only on the protein structure in the membrane, causing their 
(Icnatiiration. The organic, fat-solnhle acids, on the other hand, may not 
permeate so freclj- in the presence of gum acacia and thus not cause the ex- 
pected hemolysis. The gum may act to change the surface tension of the stroma 
in the process of stromatolysis and thus effect the clumping of the cellular 
fragments. 

Englebreth and Smith' have also suggested the use of saponin as a lytic 
agent of red blood cells in the preparation of blood sample.s for leucocyte counts, 
but for a different reason. They call attention to the fact that white blood 
cells in citrated or heparinized blood may undergo a 20 per cent autolysis within 
several hours after drawing of the blood sample. This autolysis of the cells 
iloe.s not occur in the presence of 2 per cent sodium fluoride, indicating that tlie 
antol 3 -sis is caused by some enzyme, the activity of which is inliibited by the 
fluoride. 

Fluoride of tliis strength, iiowever, is not liypotonie enough to lake the red 
blood cells. To overcome this difficulty, the authors employed a solution of 
fl.l per cent saponin as a 11010013110 agent. A solution of 0.1 per cent saponin, 
1 per cent sodium fluoride, and 0.1 per cent methj’l violet persorved the white 
lilood cells so well that twentj--four hours after the mixing of the blood sample 
'rilh the solution leucocyte counts could be made which were identical with those 
made immediately after the mixing. 


SOJtMAnv 

Leucocyte counts on bloods containing gum acacia arc very’ difficult to make 
'Then the usual Tuerck’s solution is used as the diluting and hemoljlic agent. 

solution of 0.1 per cent saponin, 0.9 per cent saline, and 0.1 per cent methyl 
'lolet is recommended instead. AVhon this solution is used, complete hemolysis 
and stromatolysis of the red blood cells arc obtained. The white blood cells are 
sasily counted in both normal and acacia-containing bloods. The known factors 
'oncerning this Ij-sis of red blood cells by various agents are discussed briefly. 
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AN AUTOMATIC PIPETTE AND A NE^Y INEXPENSIVE 
PIPETTING MACHINE* 


Julian H. Lewis, M.D., Ph.D., Chicago, III. 


T he bane of the serologist is the large amount of tedious pipetting involved 
in complement fixation tests, such as Wassermann reactions. Pipetto-s 
must be filled often, the meniscus carefully followed, and any attempt at speed 
often results in inaccuracies. Pipetting is a skilled procedure and nnle.ss one 
has had much experience, fatigue and cramps of the fingers slow up the proce.'s 
and tend to produce errors. 

Attempts to reduce the inherent disadvantages of pipetting have rcsiilled 
in the development of more or less automatic pipettes. For the most part these 
consist of sjn'inges adjustable to deliver a given quantity of fluid. One bTC 
operated manually and is filled by the recoil of a spring attached to the phmgci. 
The amount of fluid delivered by the syringe is adjusted by a stopping: de\ici, 
which limits the amount of material drawn into the apparatus. V hilc t ns 
type of pipette increases the speed of pipetting over the usual glass pipe 
there is still a loss of time in conveying it back and forth from tlie r esse eon 
taining the stock of reagent to the test tubes. The speed of pipetting ^ 
the development of coordination betiveen this back and fortli movement an 
alternate compression and release of the plunger. 

Another type of mechanical pipetting device is the so-called 
machine which is an adaptation of tlie original Woodyatt machine 
continuous intravenous injection of fluids at constant rates. It 
syringe whose plunger is operated by an eccentric turned bj an e 
which also synchronizes a two-way vmlve. The amount of fluid ® j,. 
justed by the length of stroke of the plunger, and the speed o 
determined by the adjustable speed of the motor. The greatest o 
device is its cost. Also, if more than one fluid is to be pipette an 
than one machine is available, it must be cleaned with each of 

the mechanism readjusted if the v’olume to be delivered is also c la c. 
which are time-consuming procedures. _ jIip {or- 

Becton, Dickinson & Co. manufacture an Cornwall 

mer tyqre which is described in their literature as the ])ctwcen the 

Syringe Number 1250.” On request, this j^^,(,.^vay valve, 

barrel of the syringe and the trocar, used as a pipette tip, a o male 

This valve has a female “Luer-Lok” that connects with t ic ^ ^ ruh- 

“Luer-Lok” that takes the trocar. A side arm of the valv e is 

Department of Patl.olor.'. ^ 


•Trom the Otho S. A. Sprague Memorial Institute and t 
versity of Chicago. 
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Ijer tubing that leads to tlie reservoir of the fluid to be pipetted. At the distal 
end of this tube is ii perforated metal hall which keeps the tube submerged in the 
fluid. The apparatus is essentially a 2 c.c. Lucr syringe mounted in a metal 
shell. The top of the plunger is attached by means of a yoke to a screw which 




1^ 


Fig-, 2 — Separate parts of automatic pipette. 


“Ties the plunger up and down. Its upward motion is given by a spring 
'■round the screw and is stopped by two lock nuts. Tlie downward motion is 
obtained manually and is opposed to the force of the spring. The upward or 
"■ng stroke closes a valve loading to the trocar and opens a valve leading to the 
rubber tube and reservoir. The downw-ard or emptying motion has the reverse 
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effect. Fig. 1 is a diagram showing the construction of the syringe. Fig. 2 is a 
photograph of the separate parts and, Fig. 3, of the whole assemhletl for use. 

In adjusting the amount of fluid to be delivered the syringe is emptied 
10 or 20 times into a small graduate. If this delivered amount is too small or 
too large, the plunger upstroke is adjusted by the lock nuts until it is correct. 
Once adjusted the amount delivered is remarkably constant. 

By actual test it is found that from one-fifth to one-tenth of the pipetting 
time used in complement fixation tests with the ordinary pipette is used ivitli tliis 
apparatus. No previous experience in pipetting is necessary for its use. A 
little practice with it enormously increases the speed. The operator simply aims 
the tip at the mouth of the tube, compresses the plunger, releases it, and it is 
ready for the next tube. Another advantage observed is that the fluid is forced 
into the test tubes rather than alloived to flow in as with an ordinary pipette. 
This completely mixes the fluids in the tubes and makes .shaking unnecessary. 



Fipr. 3. — Automatic pipette assembled for use. 

In the Kohner complement fixation test for syphilis, five icagents. 


elusive of the patients' sera, are used; saline, complement, antigen, ^ jopc. 


lieniol.vtic 

amboceptor, and red blood cells. The saline is used in two 
and 0.5 c.c. ; antigen is used in 0.5 c.c. amounts ; complement in 1 ^ 

hemolysin and red blood cells each in 0.5 c.c. amounts. For the gica 
one may use one syringe for each of the reagents, two for the tvo jj, 

saline, necessitating altogether si-x syringes. The price of the 
reasonable enough to afford this. An alternative is to use j"'^(]elivcr 

for each of the reagents used in the same quantity. One, adjns ec 
0.5 c.c., may be used for saline, antigen, hemolysin, and red i ooc 
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Ollier, adjusted to deliver 1.0 c.e., for eompk-meiit ; and the third, adjusted to 
deliver 1.2 c.e., for saline. Tlii.s iiecc&sitafes cleaiiinfi the apparatus when solu- 
tions are changed. 

Cheap Motor for the Automatic Syrinyc . — An apparatus for actuating the 
oliore sp'mgo was devised using a comprcsned air type ivindshieid wiper motor. 
The .shaft of llic motor, which is mounted on a h.i.seiioard, is fitted with a slotted 
arm to which is attaclicd a connoeting rod to a shaft howsed in a bronze hearing. 
The end of tlie latter impinges against the plunger end of the above automatic 
s.vriiigc which is mounted on a block (Fig. 4). The .stroire of the .shaft is adjust- 
aisle at the slot of the arm on the motor. The eiu'igv of the motisr i.s used only for 



I 


Fig- 4.— Pipetting: mneJiine usintr « in<lsh«Fj,i wjper <^3 the mntoi-. 

implying the syringe, its own spring bringing about the refili. Tiie shaft that 
impinges against the syringe is bi-okcn at its end, and the parts arc united with 
» coiled spring which takes up a slight ovei-strokc and thus protects the syringe. 
A thick-walled rubber tubing of small caliber i.s attached to the two-way valve, 
ond to this is fastened the trocar to serve as a delivery tip. A wide range of 
■'ipceds is obtainable by adjusting the pressure of air to the motor.® This ap- 
Pawtus will, in eveiy respect, give the .same efficient pipette service as the much 
“loro e.xpensive electrically operated pipetting machine. As the AToodyatt 
machine, designed for iutravonoas injeefioms, wa.s- adapted for pipetting, so this 
“Pparatns, made for pipetting, can equally well be used for injecting. 


losiitJJI'li' “I’paratii^ was con»tructca m tire niacliinc shop of lire Otlio S. A. Sprasve Jlcmorial 


AN IMPROVED TECHNIQUE FOR PNEUMOCOCCUS TYPING 
EV THE “QUISLLUNG” REACTION* 


A. E. P/M.viox, Dktkoit, 2hcii. 


T he "Quollui}"'’ reliction is Iho iiiotliod of choice for t\-ping pneumococci in 
.sputum hecausc of its time-savin'r element. 

The following modification of the original method has been used by ns for 
the last lliree veal’s. \Vc believe its advantagc-s make it worth reporting. 

Technique. — I'^rom the mueoidal rather Ilian from the purulent portion of 
the sputum four very thin smears are made in the form of a ribbon 10 to 15 mm. 
wide along the long axis of mieroseopie slides. The smears are allowed to dry 
at room temperature. Usually the first smear is dry when the fourth smear 
i.s completed. Two of tin* smears are marked with the group designations 
A, E. C, I), E. and F. One loofifnl of group A ant ipnetimoeoccic serum is spread 
on the .smear in a round area about 10 mm. in diameter. If methylene blue 1ms 
lieen added to the anti.'-’ennn previously, two loojifuls arc used, otherwise another 
loopful of methylene blue is spread over tlie antiserum. A round cover glass, 
IS mm. in diameter, is used to cover this area. No vaseline or .icily is needed. 
Similar smears are made with antisera of group B and C on the same slide, 
groups n, E, and F. are put likewise on a .sceoud .slide and properly marked. 
These smears ean l)e examined immediately under the 4 mm. oh,loctive. 

COMJIEN'T 

Tlie dry .smear jn’e.sents the following advantages: if afiords bettei con 
centration of the antiser\uu, the microscojue, field looks clearer, and ad itmua 
smears ean be made and saved for reference. (Our tbvce-year-okl smcais . 
give excellent react ion.) In ea.ses where sjrutum cannot be obtainc , 
swabbiugs can be smeared on slides at the bedside, dried, ami sent to the a 
lory. Physicians in rural e()mmuuitic.s, where laboratory facilities mono a ^ 
able, can mail tbeso dried smcar.s to any laboratory. In onr e.xpcricnce 
of .sputum has been vei’v uu.sa1isfaclory. Di’ied smeans can 
schools and colleges for toaeliing pnrpo.se.s. Hundreds of slides can bema 
typed sputum and utilized foi’ ela.s.swork wlicnover needed. tfvearc 

The advantage.s of the 4 mm. objective over the oil-inunersion 
twofold: (1) More area i.s covered in a sliortcr time, faeibtatin,,, ^ 
nosis. (2) The mieroseopie field can bo studied will) greatei pji. 

lurbing the picture because tlie objeetive does not touch the siueai. 
immersion objective the focusing tbrow.s the organisms off of 

panying changes of pi'cssuro create curi'mts which carry the oi^-ai 

the field. ,5eccribed 

Ttie Mieliigan State Board of Health Laboratories have it. 

mctlind. It is reported tiiat the Jfew York State Laboratories lia ’ ‘ 

’ ■jj/isnit.al Detroit. 

•From tlie Pathological Laboratory. Evangetlcat Deaconess 
Received for pubiication. August 12, 19JO. 
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THE COm’^ERSION OP CREATININE INTO CREATINE IN 
NORIIAL ITRINE* 


S. M. Hobvath, I\I.S., and D. B. Dill, Ph.D., Boston, Mass. 


IN CONNECTION with studies conducted in this laboratory that rociuired 
* twenty-four-hour collections of urine, some of the analyses were not made 
until two weeks after the samples had been collected. Tlie finding: of quanti- 
ties of creatine greater than that recorded in the literature {Hobson, 19C9) led 
us to suspect that conversion of creatinine to creatine had occurred, even 
though the samples of urine had been preserved with thymol and kept at room 


SERIES I (A urines) 



SERIES 2 (4 urines) 



0 20 40 


Of 1 —^Curves showing the average increase in the percentage of creatine {as creatinine) 

renwilLf with lime when urine is stored at room temperature and at 4 C. Senes 1 

-«m8 Urines collected in Hay, and series 2 represents urines collected in August. 


I^^^iperatures. Such proved to be the case. On one patient three urines that 
liecn analyzed fifteen days after collections were again analyzed after forty- 
(lays at room temperatures. The average creatine percentage (e.xpressed as 
(teatinine) in total creatinine substances had increased from 7 to 18. The aver- 
values in the urines of two other men showed changes from 4 to 13 and from 
per cent during twenty-six days following the first anal.vsis. 


the Fatigue Laboratory. Harvard Unlversitj'. Easton, 
'delved for publication. December 26, 1940. 
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Wo proceeded to study this problem in more detail. Since the storage tem- 
l)craturc might, be of importance, freshly voided urine was preserved mth thymol 
and placed in the refrigerator at about 4” C. The volumes of the twenty-four- 
liour outjmts were recorded, and two aliriuots, also preserved rrith thymol, were 
taken. One was returned to the refrigerator, the other was left at room tein- 


BO 


SMH. 



DAYS 


stored 


Fiff. 2.— Curves iUustrating various types and rates of conversion in 

at room tomperature and at 4 t- 

peratures. Determinations of creatinine and of creatine plus i-epeate*! 

1934), using the Evelyn photocolorimeter, were made immedia e y pljtained 
at intervals thereafter. Creatine, expressed in terms of ereatinme,^^ conducted, 
by difference. Two series of expei-imcnts on a total of 4 persons ve 
one starting in IMay and the other in August. 

RESULTS 


(Jeter* 

The data are presented graphically (Figs. 1 and 2). Tota^ 
minations were made by tlic KJcldahl method at the nearly 

experiments ; no changes were noted. Aliquots kept at 4 • ‘ 




HORVATH AND DILL: CONVERSION OF CREATININE TO CRE-ATINE IN URINE 1675 

constant creatinine and creatine contents. In only 2 of 8 cases were creatine 
variations greater than 100 mg. found after standing in the cold for thirty days. 
After storage in the cold for 104 days, greater conversion occurred, amounting 
to from one-fifth to one-third of the total crealimne in three ot the four samples of 
series I. In series II analyses on the thirty-seventh daj’ showed less eonvei‘sion 
of creatinine into creatine than was observed m series I after thirty days. 

The aliquots kept at room temperature usually, but not always, showed a 
constant total creatinine. The urines of S. II. H and B. C. (series I) gradually 
decreased in total creatinine with a concomitant rise in creatine. This was par- 
ticularly api)arent after a i)criod of 104 days, when in B.C. the total creatinine 
was one-fiilh its initial value (2.24 to 0.43 (im.), wiiile the creatine value in- 
creased more than 2.5 times (0.12 to 0.33 Gm.) 2). Analyses of other 

urines gave no greater variations in total creatinine than aic within the accuracy 
of the method. Creatine values* increase not only in per cent of total creatinine 
(Fig. 1) hut also in actual amounts if kept at room temperature for more than 
nine days. This convci*sion oeeuis even when initial determinations gave zero 
values for creatine (Fig. 2). 

Heintz (1847) showed that when he made ]>reparations of creatinine from 
urine, creatine contaminated all his preparations. Liebig (1847y however, was 
only aide to get creatinine from urine and sliowed that it was the use of ammonia 
and its compounds by Heintz that decomposed his creatinine zinc chloride to 
creatine. Dessaignes (1857) noted a slow conversion of creatinine to creatine, 
hastened by heat, to occur in aqueous solutions. Tlic reversal of this reaction 
has also been recorded (Xeubauor, 1866; Hahn and Barkan, 1920). Jlyers and 
Fine (1918) have recorded a gradual production of creatine in a pure aqueous 
solution of creatinine. Evidently heat, and perliaps ammonia, favor the con- 
version of creatinine to creatine; on long standing this may become appreciable. 


SCMM.ARY 

There is at first a slow and later a rapid convei'sion of creatinine if urine 
r'resen’ed with thymol stands at room temperature. At 4® C. conversion wa.s 
oWiTed on the thirty-seventh day and was pronounced by the one hundred and 
lourth day. "While urine can he stored for a few days in the cold without appre- 
ciable change in cither creatine or creatinine, it is a better practice to make these 
*^cterminatioas vnthin twenty-four hours after collecting tlie sample. In any 
ca-ie, preseiwation with thj-mol and storage in the cold arc recommended. 
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URINARY PORPHYRIN HEFORE AND AFTER HYDROLYSIS* 


IH-ckxik H. I\Iakciilin(;, Pii.D., Nr.w York, N. Y. 


\ /ERY little infoi-niiition is available aboul the form in wliich porphrans 
» are excreted in the urine. As a rule, no poi'i^hyrin ean be extracted from 
urine Iry orfranie solvents pi-ioi- to acidification with acetic acid. Tliis basic 
step in ui’inary iiorphyrin analysis was first, described in 189G by Saillet,' who 
also noted the occurrence in urine of i)recursoi-s of iiorphyrin — “cliromogens” 
— which, althonph observed by many invest i'jalors,"'"' seem not to have been 
systematically taken into consideration when studyiiifr urinary porphyrin c.vere- 
tion in licalth and disease. 

Tlic extraction of zinc and coj)j)er coni])lexcs of porphyrins from urine 
acidified with acetic a<‘id has been recorded.'''" Tiic fact that no porphyrin 
can l)e extracted by ether fi-om fresh urine of about ])II 6 can be interpreted 
as evidence of eon.iu>ration. Assuming that the ])ori)hyrinogcns are compounds 
of porphyrins with other inorganic or organic suhstance.s and differ in then 
stability to acetic acid, one may reasonably exjmet tliat hydrochloric acid uou 
he more efTective in bi'inging al)out a complete cleavage. Preliminary e.vpen- 
ments have indicated that a widely varying rise occurs iu the porphyiin cu 
of unities on treatment with strong hydrochloric acid (see Tables I an 
The ratios of the porphyrin Viilues .so obtained varied widely for dift'eient per 
sons, but were constant and in general rcitrodueiblc for the same indim na. 
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.S 

n 

10 

ii» 

11 * 

11 * 

12 


Ixcar.ASK IX Coruoixii:ruYi:ix Yir.i.n.s Arria; llYimoi.YSis 
(In n]it'roprani.« per tweiity-foiir-lioiir .•ipceinicn of urine) 


Ars^onical (loriiiutiti.s 
Lupus crytlicuiutosus 
Hepatitis' 

Urticaria clue to liglit 

Undiapio.seil 

Uncliagiiosed 

Disseminated lu])us erytliemalosus 
(pliofosensi(ivf) 

Disseiiiinafcd lupus erytliemafosus 
(pliotosensitivo) 

Addison 's disease 
Dermatitis of unknown origin 
Dermatitis of unknown origin 
Nicotinic acid deficiency 
Nicotinic acid deficiency 
Nicotinic acid deficiency 
Undiagnosed disease of skin 



•These specimens were submitted on different dates. 

•From tile Departments of Biochemistry and Derinatologrj' of f!>e Co 
and Surgeons, Columbia University. 

Received for publication, February 14, 1941. 
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Table II 

INCREASES OF T^^'enty-Four-Hour Urinary Coproporpiiyrin After Hydroi.ysis in a Case 
OF Addison *s Disn.\sE 


DATE 

:^4-I£OnR VOLUifE 
(c.c.) 

BEFORE flYDROLYSrS 
(Mg) 

AFTER JIYUltOLYSrS 
(Mg) 

s/2/40 

2,990 

45 

119 

S/3/40* 

2,004 

None 

30 

S/4/40' 

2,155 

15 

4S 

S/5/40 

1,580 

55 

100 

S/G/40 

1,480 

38 

85 

S/-/40 

1,4.35 

.36 

7S 

S/8/40 

1,000 

42 

cS3 

8/9/40 

2,090 

:u 

97 


‘Attack of indigestion. 


EXPERIMENTAL 

After tlie lij’drolysis of the liypothetical ciiroinop:ons witli hydrochloric 
acid, it was necessary to neutralize the solution with alkali and then to acidify 
it with glacial acclie acid prior to the extraction of coprojiorphyrin with ether. 
Tlie treatment with hydrochloric acid considerably reduces the formation of dis- 
turbing emulsions during the ether extraction. However, it brings about a 
formation of urinary pigments other than pon>)iyrinA^ and these must be 
separated before the spectroscopic identification and estimation of porphyrin 
can be carried out. Indirubin and indigo blue, which are simultaneously ex- 
tracted with coproporphyriri by ether fi'om the suitably prepared acetic acid 
solution, can be removed by means of 5 per cent hydrochloric acid, w’hich ex- 
tracts only the eoproporpliyrin. 

Two types of experiment were performed systematically: Two 300 c.e. 
portions of each urine siiccimcn ni'e used for tlie determination of the urinary 
porphyrins. One is acidified with 30 e.c. of glacial acetic acid and the other 
''ith 30 c.e. of concentrated hydrochloric acid, and both arc allowed to stand 
for at least two hours. The hydrochloric acid treated specimen is then made 
alkaline ivitli potassium hydroxide and acidified with glacial acetic acid. Tap 
i\ater is used to cool the solution during the.se oficration.s. Both specimens are 
now treated in the same way, according to tlie accepted metliods (Pisjcher’"* 
Riiiiington'^). Each solution is shaken with three successive portions of 
‘^Iker; the combined ethereal solutions arc washed first witli water and then 
f^Peatedly with 5 to 10 c.c. quantities of 5 iier cent hydrochloric acid to recover 
Ike porphyrin (eoproporpliyrin). This hydrochloric acid solution is neutralized 
acidified with glacial acetic acid, and eoproporpliyrin is again taken up in 
rtbor. This ether extract is made up to a known volume in a 25 c.c. graduated 
^Jhnder; the porphyrin rarely requires further purification. 

The spectroscopic examination was made witii a Bairsch & Loml) wave 
spectrometer, essentially as described by Kapp and Coburn, hema- 
oporphyrin, which spectroscopically resembles eoproporpliyrin very closely, 
'■’S employed as a standard.^* AVhcii the spectra (from two light sources) 
® . k'^niatoporphyrin and eoproporpliyrin in ether, as well a.s in hydrocliloric 
' .solution of about the same concentration, were .superimposed, using the 
^■‘^’iiparison prism of tlic Bausch & Lomb Laboratoiy wave length spectrometer, 
^'fierence could bo .seen.'® 

series of standard hematoporphyrin solutions in other were }ircparcd, and 
■ere recorded. Tivo spectroscopic eharac- 


A 


.1 ^ •aituiuuru iiumaiupui 1 

^ units of tlioir absorption liands wen 



1678 


THE JOURXAE OF EAROUATORY AXR CtJXICAL MEDICIXE 

lorislics o£_ coproporphyriii were found lo be particularly usdul for the quan- 
titative estimation of urinary co])roporpliy]'in : a relatively faint band at about 
5980 A indicatinir the presence in 36 c.c. (200 mm. cell) ’of at least 14 micro- 
irrams, and the coproporjrbyrin band in the red at 6230 A indicating the inesence 
of at least 3 mierograms. The point at which an absorption band is just visible 
can be reached by suitable dilutions, or by using cells of different lengths. 

Ijroporjrbyi'in was isolated from the acetic acid atpieous phase remaining 
after ether exti'action of cojn'ojrorjrbyrin. Tliis residual solution was slowly 
passed through an adsorption column of lllcrck’s aluminum oxide and eluted 
with 12 per cent ammonia.''” Uroporphyrin is not found in normal urine 
and no uro])oi-i)hyrin standards are, as a rule, available. In the case of a patient 
with light sensitivity the ammoniacal uroporphyrin solutions obtained by elution 
from hydrolyzed and unhydrolyzed identical alitpiot portions or urine' when 
compared colorimctrieally showed a threefold increase of uroporphyrin in the 
hydrolyzed portion. 

SUMMARY 

Inei’cased yields of urinary ])or))hyrin can be obtained by hydrolysis with 
hydrochloric acid. 

By comi)arison of the i)or])hyrin yields from nnhydrolyzed and hydrolyzed 
samples of the same urine, it is possible to determine the ratio of total porpli.vrin 
to imrphyrin ])rcsent in form of ])orphyrinogcn or chromogen. 


n. 

10 . 

11 . 


12 . 

13 . 

11 . 

15 . 

10 . 

17 . 

18 . 
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PREPAEATION OP CHOLESTEROL EMULSION FOR EXPERIMENTAL 
INTRAVENOUS ADIUNISTRATION* 


AVarrex n. Cole, M.D., axd Herjias Clark, B.S., Chicago, III., 
AND Nathax a. AVojiack, M.D., St, Loms, Mo. 


'T’HE oral and intravenous methods of administration of cholesterol known 
■I to us will not produce a significant elevation of the blood cholesterol. After 
experimentation with variations in technique of preparation of emulsions, we 
weie able to prepare emulsions in concentration as great as 2, 3, or 4 per cent bj' 
dispersion of the emulsion in steam. No claims for priority are made, since the 
method is perhaps used e.xtensivciy commercially. Homogenization, a principle 
commonly used in the dairy industry, is a very efficient method of producing 
emulsions, but the homogenizing machine.s usually available are so largo that 
several gallons are necessary for their function, tliereb.v making the process for 
our purpose prohibitive financially. Jloroover, preheating of the ether-oleate- 
cholesterol solution, ns utilized in our method, seems important in the emulsi- 
fication, and might lie difficult to attain in a lioniogenizer. 

METHOD 

1. Dissolve 3 Gm. of cholesterol in about 50 c.c. of ethyl ether. 

2. Dissolve 1 Gm. of sodium oleatc in sufficient water to make 100 c.c. In 
our experience tap water is much superior to di.stillcd water, as far as the emulsi- 
fication process is concerned. 

3. To solution No. 2, contained in a 500 c e. Erlcnmeyer flask, slowly add 
solution No, 1, stirring or swirling constantly. This ether-oleatc-cholcsterol 
solution is now ready for dispersion, which is brought about by allowing a small 
stream of the etlier-oleate-cholesterol solution to come in contact with a jet of 
steam at the end of a T-tuhe, as illustrated in Fig. 1. 

The apparatus herein described can he set up with equipment found in 
practically any laboratory. A pressure cooker or small autoclave (Pig. 1) is 
heated until a pressure of 15 or 20 pounds is obtained. The valve is opened 
the steam is allowed to pass tln-ough the T-tnhe surrounding the tube 
which conducts the cholesterol solution. After the glassware is hot, the ether- 
“leate cholesterol solution is allowed to run out ; it is heated by the steam sur- 
rounding the gla.ss tube conducting it, and flows out of the 1 mm. opening as a 
fine spray, coming in immediate contact with the steam emerging from the tip 
the outside tube. It is important that the size of the steam spray lie adjusted 
moving the inside tube very slightlj- in or out, until a mixture is obtained 
produc ing a fine emulsion. The emulsion can he tested for .size of the globules 

and r)epartiTien*.s of Rurpery. University of Illinois, CoHeec of iledicinc. Chicago. 

"ashington University School of Metllcine. St Louis 
sociation ** by a grant from the Committee on Scientific Research of the American Medical As- 
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T,,.- or 

in a few inonionl.s bv ol),s-crra(jo>. .ir,r!„.. n 
-■'PPiU'aUis, it will )>; m^cessuvy to cxpovmZt’m^T^'^i , 

stoan, jot l)ofor(> a .siPisfaofory omubsion with <'lolmh^ 7 J^ T' i'' 

in diainotc- will bo obtained. Pass-..,-- of ih. . "" ^ 

11 scc'ond time will improve tlie or.nihkm ^^ii'oiigli the apparatus 

die in.sido tube is jrnsbod forw-ird n-mroi ’ “d dispereion 

P1.S.S tbe .solution «bJn'j/mmr!;n;^^ " It i.s not wise to 

‘•1.1.10.10,. 01 in solution Xo. 1 l^nZinn.:!:^^^^ 



= “/‘I'; 1.’ •.'■ rorced t)i 7 - „ III ‘^^’*‘’1^ cholc.storol. By inpnn.‘5 ot ii pressure cooker or 

soluUon ns it emora." (iir-niV,Vil m ^■1'"’® somiiij; in contact with tlie cther-oleiUc-choieatcrol 
lonKitudinnl section or the v !,o !‘^ ‘^‘1 ?/! “'i. I'lho within tlie T-tiibc. Insert represents <i 

heats tile otlier-o!cntc-chnI(.«f'.V ni'tstratc.s liow steam entciinp at the arm ot the T-tubc 

the Inside tube condnetini- » ""‘I •hnulsKlcs it at it.s exit. The outside dianietcr of 

tube hn<. V ‘.‘"’o ‘ho ct/icr-oieiitr..f.i.,rin.,t,...„i i,... r tpi,p grid ot the inner 

- ^ 



•space remains throne), toward the wd’ot wic r-iuue um.i a vu,., ^ 

oieate-cliolcsterol .solution t) ‘"o steam cmcrirc.s to come in immediatd contact with the ether- 
reduced in the Jinmo to J, ‘.‘O'lioter of tlic T-tube la l cm., lait tire end ba.s lueeiouslj- been 
to permit adequate heatihVr.1- “'rout -1 mm. Tire T-tuho bcinjr short hns been spliced 

the finst dls/>crsion s<iUiUon. The larfrer flasks marked A must be used 

of rapid evaporation of evaporation of t)»c other causes n lot of foaming. On 

in tlie prevention of fire fi'fn tlie cthcr-olcate-cliolestcrol .solution, care must be exercised 


iimouui of crystallizntion will take place, but not sufficient to 
nmiT ‘.^'.‘.eutiaiio/1 of cJiotcstoroI iu tiic emulsion more than 0.2 oi' 0.3 per 
.. ' mj ■ emuksion bji.s cooled, j} i.s ju-oferable to .subjecl it to eentrifuga- 

#7^'^ j, ^c.'.ovcs the crystals and apparently also a considcralfie proportion of 
le ai^e g obules, iSueh an emulsion will keep for many days or weeks. 



IvAGAX: DKTERJIINATION' of WHOI.E BLOOD SPECIFIC GRAVITY IGSl 

Occasioiiaily an enmlsion breaks up and crystallizes to a hopeless degree. We 
have not lieen able to explain satisfactorily these failures. The emulsion has not 
as .vet been tried on human beings, but sufficient (juantit.v can be given to animals 
(rabbits) to elevate the blood cliole.stcrol b.v .bO per cent after intravenous ad- 
ministration. 


ELIiMINATION OP STANDARDS AND NOJIOGKAMS IN TUB 
DETERIMINATION OP WHODB BLOOD SPECIPIC 
GRAVITY BY A FALLINti-DROP TECHNIQUE'* 


Benjamik M. Kag.an’, JI.D., Rkiimond, Ya. 


TN 1924 Barbour and Hamilton* described an apparatus for the detenninatloii 
^ of blood specific gravity by a falling-drop leeliniiiue. In 1926= they found 
that ill order to obtain sufficient accuracy with the .x.vicnc-bromobenzcnc mixture 
they used, it was constantly necessary to use aipicous standards and a nomogram. 
In 1930 Jloore and Van Slyire’ tried this method to obtain pla.sraa specific 
gravity and foutid it unsatisfactory for rontine use because the maintaining 
of aqueous standards accurate in specific gravity to 1 x lO"* is so difficult and 
because constant reforenco to a nomogram is necessary. 

In 1938* I reported a falling-drop method whicti eliminated tlie necessity 
for standards and a nomogram. At that time it was adapted specifically for use 
with serum and plasma."’ Since 1938, however, mimerous reipiesls have come 
for a method of determining the .specific gravit.v of ivliolc blood wliicli would 
likewise eliminate the use of standards and the nomogram. This determination 
IS desired in order to follow tlie clianges in blood specific gravity during such 
conditions a.s shock, dehydration, anemia, and fluid administration, and to study 
Mood volume changes. I have, therefore, adapted tlie latter method for use 
ivith ivliole lilood as described liclow. 

MF-THOD 

It was found that a mixture of metliyl salicylate and mineral oil, sucli as 
used for tlie determination of scrum or plasma specific gravity, did not permit 
as large a range as was desirable for use willi whole lilood. 

With the cooperation of the E. H. Sargent & Co. of Chicago, a medium 
'ms prepared wliich consists of a mixture of siiecialiy purified petroleum oil and 
'"ethyl salicylate. It has a specific gi’avity of 1.0367 25“/25“ C., a viscosity of 
-9-4 cp 25*’ C., and permits a range of 1.0380 to 1.0720 25°/25° C. Tiiis mix- 
Ime, like the mineral oil-wintergrecn mi.xturc for serum and plasma, has a 
boiling point of over 220° C. and is stable. There is no danger of change in the 
?'* evaporation such as oecni-s in the xylcne-bromohenzeiie mixture used 
in the metliod devised liy Barbour and Hamilton. (A mixture of mineral oil 
""<1 m ctliyl snUcylate prepared four yeai-s ago lias liecn tested repeatedly and 

'nchmonc’"* Department ot Biocliemistry ami real-atric.-!. Sleilical Collette of Virginia, 

Receheti for publication. JIarch 18. 1011- 
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Tahi.e I 

Wiioia; Hi.o<m Si-ecific Gkavitv 
C oNVEUSlOK OF FAEUXC. TIME TO Sl'EOUTO GllAVlTV 


TEMF. °C. 

K 

(1 

TEMl’. “c. 

1 K 1 

20.0 

0.040 

0.0390 

25.0 


20.1 

0.()44 

1.0390 

25.1 

0.518 

20.2 

0.()41 

1.0:!S9 

25.2 

0.510 

20.3 

0.03S 

1.03S9 

25.3 

0.314 

20.4 

o.cao 

1.03SS 

25.4 

0.512 

20.5 

0.033 

1.03SS 

25.5 

0.510 

20.1) 

0.030 

3.03S7 

25.0 

0.008 

20.7 

0.02s 

1.03S7 

25.7 

0.500 

20.8 

0.020 

l.OllSO 

25.8 

o.5o:i 

20.0 

0.023 

1.03S0 

25.9 

0.501 

21.0 

0,020 

1.0385 

20.0 

0.499 

21.1 

0.0 l.S 

1.03S5 

20.1 

0.497 

22 o 

0.015 

1.03S4 

20.2 

0.494 

21.:; 

0.012 

i.o:;S4 

20.3 

0.4ii2 

21.4 

0.010 

1.03S4 

20.4 

0.490 

21.5 

0.007 

1.03.83 

20.5 

0.488 

21.0 

0.004 

I.03S3 

20.0 

0.480 

21.7 

0.002 

1.03S2 

20.7 

0.484 

21.H 

0.5119 

l.():!S2 

20.S 

0.482 

21.0 

0.590 

1.03S1 

"0.0 

0.480 

22.0 

0.5!i4 

1.03,81 

27.0 

0.478 

22.1 

0.591 

1.03S0 

27.1 

0.470 

*)0 *) 

0.5SS 

i.o.-iso 

27.2 

0.474 

*»*) ■» 

O.5S0 

i.o:is(i 

27.3 

0.472 

OO 


1.0379 

27.4 

0.470 

22.5 

0.5 SO 

i.();i7!» 

27.5 

0.40S 

22.(i 

0.37S 

1.037S 

27.0 

0.400 

0») • 

0.570 

1.037S 

27.7 

0.404 

oo 

0.573 

1.0377 

27.S 

0.402 

2;>,C| 

0.570 

1.0377 

27.9 

0.400 

2:1.0 

0.50S 

1.0370 

2S.0 

0.458 

2:1.1 

0.500 

1.0370 

2S.1 

0.450 

0'» .» 

0.504 

1.0370 

2S.2 

0.454 

2:1.:! 

0.501 

1.0375 

2S.3 

0.452 

2.3.4 

o.3r,s 

1.0375 

2S.4 

0.450 

23.5 

0.550 

1.0374 

2S.5 

0.449 

2:1.0 

0.554 

1.0374 

28.0 

0.448 

23.7 

0.552 

1.0373 

28.7 

0.440 

23..S 

0.549 

1,0373 

2S.S 

0.444 

23.il 

O.O-Ui 

1.0372 

28.9 

0.442 

24.0 

0.544 

1.0372 

29.0 

0.440 

24.1 

0.542 

1.0371 

29.1 

0.43S 

2*1 2 

0.540 

1.0371 

20.2 

0.430 

24.3 

0.537 

1.0370 

29.3 

0.4:i4 

24.4 

O.Oo-i 

1.0.370 

29.4 

0.433 

24.5 

0.532 

1.0370 

29.5 

0.432 

24.G 

0.530 

1.0309 

29.0 

0.4 o'O 

24.7 

0.52S 

1.0309 

29.7 

0.428 

24.S 

0.525 

1.030S 

29.8 

0.420 

24.9 

0.522 

1.03CS 

29.9 

0.424 

25.0 

0.520 

1.0307 

30.0 

0.422 


1.036T 

1.03G7 

1.03GT 

1.03GG 

1.03G5 

1.0305 

1.03G5 

l,03Gi 

1.03M 

1.03C3 

1.03G3 

1.0362 

1.0362 
1.0301 
1.03G1 
1.0301 
1.03C0 

■ 1.0300 
1.0359 
1.0359 

1.035S 

1.0355 
1.0357 
1.0357 

1.0356 

1.0350 

1.0350 
1.0335 
1.0355 
1.0354 
1.0354 
1.0353 
1.0353 

1.0352 

1.0352 

1.0352 

1.0351 

1.0351 
1.0350 
1.0350 

1.0349 

1.0349 

1.0349 

1.0. 345 

1.0345 
1.0347 
1.0347 
1.0340 
1.0340 

1.0. 345 

1.0345 


has shoivn no significant ciiange.) It is this stability Avhicli 
necessity for standards by permitting standardization of the oil itself. 

The apparatus and technique for determining ivhole blood 
are identical with those described for serum or plasma protein 
a previous article.’* Briofiy, the time taken for a drop of blood to a 
distance is determined, and the temperature at wliich this is done is 
then, by means of a formula or a table, the specific gravity is obtame 
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Table II 

DICEET BKAniA-QS OF SPECIFIC GUAVITY FkOM FaLLIKC, Time and TEMFEr-ATUEE 
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time and temperature readings. Owing to the liigli vi.sco.sity of the medium used 
the distance through which the drop must fall need he only 10 cm. as compared 
to 30 cm. through the xylene-hromolienzene mixture. This shorter tube allows 
more uniform temperature throughout the oil and makes transportation of the 
instrument easy. It can, therefore, be used conveniently in the operating room 
or at file bedside. 

The specific gravity of whole blood is derived from the following formula: 

Sjieeific rtravily == K/t + d 

where K and cl arc constants for the temperature at which the determination 
was done and i is the falling time. Those constants are shown in Table I. 'With 
this formula the mean deviation is less than ±1 x 10"^ and the maximum 
deviation is ± 2 x 10*^ when eomiiarcd to speoifie gravity obtained by pyknometry. 
For those who require aeenracy only to ±1 x 10'“ or for rapid estimation in the 
operating room. Table TI is convenient. 


.SL’JIMARY 

A new oil is reiiortcd for use in the determination of whole blood specific 
gravity by the falling-droii techniiiue jirevionsly described by the authoid 
This oil has the following advantages over the xylenc-hromohenzene mixture 
described by Barbour and Hamilton: 

1. I’llhnination of the use of standard solutions, thus reducing danger of 
errors whicii result from changes in these .solutions and also making for gi'catei 
simjdicily of tochuiquo. 

2. Higher hoiliug point eliminates changes in the oil through evapoiation. 

3. Higher viscosity ])ermUs u.sc of a tube about ouc-1 bird as long, tnis 
reducing chance of ori'or due to difference in temperature at different eves 
in the instrument. This also faeilitates its use in the operating room oi at le 
bedside beeansc it is more easily transported. 

4. It permits .siihsfitutioii of a simple formula for the nomogram. 

Using this formula, aecni’acy may he obtained within +1 x 10 in speci c 

gravity. A table is also given which permits direct reading of the spem 
gravity from the falling time and temperature for those who desire accuiacj 
of only ±1 X 10'“. 

RKFEUENCF.S 

1. Bav1)our, II. G., imd llunnltoii, VV. F.: Blon.l Spoeifie Rm'-'fy.L 

New Hetlioil for Its Dot(‘niiinntioii, Am. .7. rtiyaiol. 69: Spreific 

2. Barbour, H. G., ami llamiltoa, W. F.: Tlio Falling Prop Alcthod foi Petemun „ 

...r. T . imrr 1 «»■>/? ~ ti.. 


Gravity, ,T. Biol. Clieiii. 69: (>2:I, ]92(>. , Gr.avnv, 

a. Moore, N. S., ami Van SIvko, B. I).: Tl.e Relationsliips Between Pf" 337, lOM. 

Plasma Protein Content, ami Edotna in Nephritis, J. Clin. lu'’®® of plasni.a 

4. Kagan, B. Al. : A Simple Alethod for the Estimation of Total Pi otem gravity, 

and Serum. I. A Falling Drop Method for the Dete:mination 0 >1 

J. Clin. Investigation 17: 369, 1938. , „ ^ of Phisma 

5. Kagan, B. AL: A Simple Method for the Estimation of Total pla.sma and 

and Serum. II, The Estimation of Total Protein Content y I . ‘ 373 pISS. 

Serum by the Use of the Falling Drop Method, J. Clin. Investi„. 



THE ANAEROBIC DRAWING AND SAMPLING OF BLOOD 
FOR GAS ANALYSIS' 


J. Victor JIonke, JI.S., Baltisiobe, Md. 


T he methods generally used in the anaerobic draiving and sampling of blood 
for blood gas analysis are described by PctcK and Van Slyke.' The method 
in most common use is one requiring that hlood be drawn from an artery or vein 
into a vessel containing a layer of mineral oil. Since the oil retards the diffusion 
of carbon dioxide out of the blood, and the oxygen of the air into it, the oil 
laver floating on the blood acts as a moderately .satisfactory airtight cap. In 
order to obtain a sample of blood for analysis in a Van Slyke and Neill mano- 
metric apparatus, it is necessary that the tip of a stopcock pipette be passed 
through the oil into the blood. Invariably, a small amount of oil is intro- 
linccd into the pipette which later eaii.se.s more or less difficulty in the delivciy 
ot the sample into the chamber of the manometrio apparatus. A more cautious 
method, advised by Austin and co-workers,- involve.s the introduction of drawn 
Wood into a mercury-filled -system, the mercury being slowly witiulrawn from a 
receiving vessel into a leveling re.servoir as tlie blood is admitted into the re- 
ceiving vessel. This most accurate ot methods, liowevcr, is liest carried out by 
ttro individuahs. If a uumher ot samples are to lie drami witliiu a short time, 
its use neoe.ssitates the iiossessioii ot a large quautit.v of mercury, and many pieces 
of apparatus. 

These difficultie.s are obviated in a ju-occdiire which lias Iieon used in this 
labowtory for several luuidred an.nlyse.s of Idood oxygen. A 10 e.c. syringe, 
.selected for its smoothly moving, closely fitting plunger, is filled with and tlien 
emptied of an anticoagnlant, e.g., saturated pot.nsshim oxalate. Enough oxalate 
remains in the syringe to fill the air .space in the nipple of the syringe and to 
ferm a film on tiie sides of tlie liarrel. A needle is attached to the syringe, and 
Ihe s, ample of blood is drawn. If the sample is of the order of 5 e.e. or more, the 
'Wiwie of anticoagnlant remaining in tlie sv-ringe is an insignificant amount of 
'>'c sample drawn. After the collection of the sample, the barrel and tlie 
Wanger of the syringe are held firmlv in tlie right hand while the needle is re- 
maved from the nipple of the syringe. A small amount of mercury is then 
™«ii into the syringe from a .sliallow dish. The syringe is pointed upward, 
a drop of lilood is forced out through the nipple. A small needle, the lumen 
"■|''ch is no longer patent, is attached tightly onto the nipple of tlie syringe, 
f^viding .an airtight cap for the syringe. The mercury may now be shaken 
and forth fifteen or Iwcntv times to insure that all the hlood is mixed 

"I'Mie anticoagulant. 


"'i'. I>e(,artmcnt of Phvsiolocj-. School of Metlteme. University of Tennessee. Stem- 

'la the Department of Physiology. Sichool of Medicine. University of Maryland. Baltimore. 
ecei\ed for publication, August 30, 1940- 
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In this manner any numlicr of anaerobic samples of blood may be drawn in 
rapid succession without need of any equipment other than sufficient wrin^es 
If a period of time greater than a few minutes is to elapse before the analyses are 
made, 20 e.c. syringes may be used instead. In this case, the longer distance 
separating tlie tip of the plunger from the upper end of the barrel gives added 
protection against the possibility that blood gases may diffuse along the inner 
wall of the barrel. If the sample is to be kept for any length of time, it is ad- 
visable to chill the syringe in an ice bath or icebox. 

Filling the stopcock pipettes from a syringe is a simple procedure possess- 
ing several advantages over older methods. If the sjn'inge is placed fiat on a 
table in such a position that the nipple extends over the edge of the table, the 
sjTinge may be held tirmlj’-, without danger of admitting air, while the cap is 
removed from the nipple. A stopcock pipette, to the upper end of which has 
lieen attached a 2 cm. length of gum rubber tubing, is attached to the nipple of 
the sj'ringe. "With the stopcock open, the ivbole assemblage is turned vertically, 
and the blood is transferred from the syringe to the pipette by gently pressing 
the head of the plunger against the table top. When the blood level ha.s almost 
reached the delivery tip of the pipette, tlic stopeock is closed. The assemblage 
is again placed horizontally, the stopeock pipette is removed, and the small oc- 
cluded needle is replaced on the syringe. The layer of lilood exposed to the air 
while passing through the bulb of the pipette is discarded from the tip as the 
l)lood level is brought from the top of the pipette domi to tlie upper calibration 
mark. In this manner the blood actually admitted into the cliamber of the 
gasometric apparatus does not come close to an air interface, and is not subjectec 
to any change in pressure. 

The validity of this procedure was cliecked against the older meicmy is 
placement method by analysis in duplicate of a series of twelve samples of ) oo 
in the gasometric apparatus. Tlic average variation in the values for 
content was of the same order in each scries. The syringe method was foun o 
be .simpler and more rapid. It made possilde easy chilling and .sfonage o m 
sample, and permitted the filling of the .stopcock pipettes under optima con 
tions. 


, 1931 , 
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MEDICAL ILLUSTRATION 


THE CRAYON SAUCE TECHNIQUE FOB MEDICAL ILLUSTRATION* 


Carl Dajii; Clarke, Pii.D., Baltimore, Md. 


F or the past fifty years a parlieiilar procedure has lieen employed pre- 
eminently for the illustration of medical subjects. This is known as the 
crayon sauce or pencil dust technique. From time to time O-xamples of this type 
of work have come to light which could possibly date the discovery of the proce- 
dure before the period previously mentioned. It can certainly bo said that 
Mr. llax Brocdcl, of tlie Johns Hopkins School of Jledieine, rediscovered the 
teclmiqne and used it extensively in scientific illustration. Prior to this time 
the pen-and-ink, wash, charcoal, and pencil line techniques had been employed. 
The latter method was applied particularly for lithographic reproduction, the 
litliographio grease crayon being used directly on the stone. The pen-and-ink 
technitiue was employed to a great extent for the illustration of science during 
the same period and still is the most popular method of pictorial representation. 
Wash drairings have been made for many years, but these are rapidly falling 
into disuse for the illustration of medicine. Tliis is still the most popular method 
for obtaining drawn tone illustrations in the commercial art field. In the 
sciences, the necessity of representing on paper a myriad of details called for an 
Lsacting and flexible technique, .such as that afforded by crayon sauce. The 
crayon sauce drawing can bo developed rapidl.v in comparison with other 
techniques. 


Knowledge of the Subject to Be Illustrated . — To make the best scientific 
'•lustrations one must be able to draw and have a thorough knowledge of the 
subject to be illustrated. An untrained draftsman who knows biology often 
can make a better representation of a biologic subject than the trained ai’tist 
'I 0 has little conception of what he is picturing. For example, let us consider 
c scientific art of medical illustration in the sense of drawing alone. Anatomy 
■s the foundation upon which medical art is built. Without a knowledge of 
"s subject, without this foundation, further work is likely to be done in con- 
'^'ou and fall short of producing a comprehensive illustration. 

The average layman has no more Imowledge of visceral anatomy than he 
inside of a house whose doonvays he has never entered. Therefore, 
™'‘' unatomy one must Icnoiu anatomy'. The artist must be able to draw not 
■ " ? f'u sees, but also what he does not see yet knows to exist. For instance, 
ustrating a surgical procedure the artist often is handicapped by' having 
his subject through a small and poorly' lighted incision. The structure 

I'rom the Department of Art. School of Medicine. University of Maryland. 
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that he wishes to see is generally covered with Idoocl, superficial fat, mucus, and 
other obstructions that prevent a clear view. However, if his knowledge of 
human anatomy Ls clear and concise, he is able to reconstruct the parts that he 
does not see but knows to be present. Such knowledge can be obtained only from 
careful dissection of the cadaver. 

The preparation of illustrations for scientific publications is an art in which 
accuracy and technical detail are ab.solutely essential. These drawings should 
have modeling to such an extent, that the third dimension is shown with stereo- 
scopic clearness. This profession belongs in a class of its own. The picture 
produced by the artist in this field must tell a story without a climax. It is a 
.statement of facts as they are, with only a written liislory of the case to describe 
the develojoment of the subject portrayed. It is a realistic art in its entirety, 
an art in which impressionism, cubism, futurism, or any other branch of modern- 
ism or ultramodernism has no place whatever. 

Types of Medical Dramnys . — In explaining or teaching a new operative 
procedure it is essential that the surgeon have the most important steps of the 
operation illustrated, because with mere words it is difficult to convey even to the 
minds of well-trained fellow surgeons the technical details of an operation they 
have never witnessed. 

Practically every operative procedrrrc should be illustrated with black-and- 
white drawings since color is unnocc.ssary in showing the mechanics of surgery. 
Once a specimen is removed from the body, however, it often is necessary to make 
drawings in color. FrequeJitly a diagnosis may depend on the color of a 
specimen. An accurately colored drawing of such a specimen helps in teaching 
methods of diagnosis. As a rule, the unusual specimen is the one placed in t m 
hands of the artist. 

Drawings pla.v an important part in the teaching of anatomy. The dCciee 
of perfection and the imjiortance of a book on anatomy depend laigelv on le 
excellence of the illustrations. This is true not only of medical books u 
scientific books as a whole. 

Training the Medical Artist . — The training of the artist develops his natu^^^^ 
ability- to observe minute details and to make a mental picture of them. 
he is able to reproduce them on ])aper because in his mind the 
and complete. In the average person this mental picture is hazy an un ms 
it is completely^ lacking in the necessary details required b.v the aitmt. , 

In medical illustration it is often customary to make drawings to scale^ 
artist uses rulers or calipers to determine the correct proportions on pap^e 
he gains experience he is able to visualize such proportions 
on paper in true ratio and proportion to the model. This grasping an 
ducing of details, plus the ability to measure with the e.ve, deteimme ai 
abilityL He must not only^ make illustrations the exact size as ns 
reductions and enlargements in ratio and proportion to the mode oi si 
is drawing. For example, he may reduce an entire body" to acemate 
on a sheet of paper that is only 15 inches higli. In contrast to t 
large a tiny embryo to accurate dimensions on a piece of paper o m 



CLARKK: crayon SAUCr. THCHNIQUE FOR MEDICAL ILLUSTRATION 1689 


Tlie followin'? is a description of llie inatcrials needed for making medical 
drawings and their use : 

Sketch Paper and Pencils . — In naming llic materials used in making medical 
drawings, let ns first differentiate lictwcen the paper or hoard upon which the 
final drawing is made and the paper for the preliminary sketches. The word 
final is used because such drawings require much detail work and often many 
corrections and refinements before the drawing is completed. Sketches and 
outlines are made on an ordinary grade of thin drawing paper or a good grade 
of typewriting paper before the final drawing is attempted. After the sketches 
are prepared and passed on by the biologist or physician who is ordering the 



o. 
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thp nrn *; ^.-“-Numbens /, 2. 3, L and 5 arc pencils, t bemp the Cont4 or soft pencil from which 
harclH,t ** 1 « obtained; 2, 3, and 5 arc Wolff pencils vaOdng In hardness, H being the 
.\o s T the .loftcst. BB and B are used most m developing the crayon sauce drawing. 

Viaiu holder. In the left-hand side of which is a pointed eraser for removing fine 

coal hni 1 ®/*Sht-hand side is a pointed cork for softening pencil lines. No 7 is another char- 
ins Hr left-hand .side of which Is Inserted a pad of chamois for softening and blend- 

V right-hand .side contains a blunt coik for softening and blending small 

fin® sha^ ‘ I ^ engraving tool or scratchcr used for etching out high lights and producing 
flit ® The right-hand .side of No. So shows how the end of this tool is ground 

s is the same surface as is presented In No. 8 


Jraiiiim, tile real work begins. All corrcctioas and refinements should be made 
™ a sheet of thin drawing paper or sketch paper, as it is called by 
Iteilical illustrators. For this purpose a Conte No. 3 carbon pencil (Pig. 1, 1) 
liowevcr, a Wol/f JIB (Fig. 1, 5) or a Wolff B (Pig. 1, 4) will be found 
Whsfactory. The Conte lieucil is soft and transfers easily. The transferring 
Irocess is essential for making a really fine drawing. The AVolff BB and B 
^^neils are also soft, but neither i.s as soft as the Conte No. 3, Fig. 1 shows four 
foil various degrees of hardness or softness. BB is the softest of the 

W ^ ^ Iiai’der than BB, HB is harder than B, and H is a comparatively 
In the preliminary sketches either the BB or the Conte pencils will 
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be found best and will transfer more readily. All the pencils shown in ¥\o. i 
are used in making the final drawing on Ross stipple board. 

Transfer Process Using an Extra Sheet of Paper.— After the .sketch or 
preparatory drawiirg- is worked uj) in line, this paper is placed face do\ra on a 
second sheet of thin paper. Bj' rubbing the back of the first sheet with the finger- 
nails while holding the two sheets firmly together on the drawing board or some 
other flat surface, a ti-ansfer of the soft pencil lines to the second sheet is 
accomplished. This second sheet will show tlie drawing in reverse. The parts 
of the original drawing that were on the right-hand side will now be on the left- 
hand side on the transfer. In accomplishing this it siiould Ire i)orne in mind 
that the two sheets must not slip even a fraction of an inch from each other or 
the tran.sfer will Ire blurred or out of register. There are various methods of 
carrying out this jrrocedure. Some artists thumbtack both sheets to a drawing 
board. If this is done, instead of using the fingernails, which'may become sore 
from rubbing the back of the original drawing, the round or top end of the en- 
graving tool, as seen in Pig. 1, S, is used. Another method is to clamp together 
the two sheets of jraper witli paper clips or clamps. WHieu the drawing to be 
transferred is no larger than an ordinary sheet of typewriting paper, a hospital 
chart holder serves excellently to hold the sheets together for the transfer process. 
The transfer is effected more easily with a few sheets of paper, or a smooth-sur- 
faced piece of cardboard placed under the sheet to wliich the transfer is to be 
made. Tliis transfer, which as previously explained is in the reverse order, is 
called a negative (Pig. 2). 

Itoss Sfi2)plc Board. — Before discussing tlie negative further, let us considei 
the board or material upon which the final drawing is to be made. This boarc 
is known as Boss stipple hoard. No. OO-dull and caji be jnirehased from nmst o. 
the larger art supplj* dealers. The surface of this board is prepaicd in 
manufacturing by placing a layer of clialk and sizing on a thin caidboaid. 
surface is then pressed witli a metal i)late to obtain the stippled effect of a sene 
of small raised dots which act as teeth to hold the carbon of the lauffi! 
pencils. It was necessary for the early medical illustrators 
stipple board, rvliieh they did by applying tiic chalk and sizing to a a 
sandpapered board. However, the material now can he pnrebase 
difficulty. ^ 

Mounting the Stipple Board. — ^Before preparing to work up .gj 

ing- on this stipple board, the board should he mounted on hcayr cai p 

erably with rubber cement or by the dry mounting pi'oeess. A v\a ei 
glue can be used, but it is likely to buckle or curl both tlie stipp e 
the mount. This can be corrected by pasting on the back strips o pap 
in the opposite direction from the buckle or bend. As these sti ips o P 
thej' contract and pull the cardboard back to a flat surface. 

The negative transfer previously mentioned is placed face p 

mounted stipple board and held in position by thumbtacks, gecon 

the hospital chart holder, then rubbed with the fingernails to accomp 
transfer to the stipple board. Do not rub this second tians ei 
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end of the engraving tool since it may injure the chalk surface of the stipple 
board that is underneath. This second transfer is in the .same order as the 
original drawing and is called a positive. The positive is naturally weak from 
two transfer processes but serves as a good outline from rvhich to make the 
finished drawing. 



^ or making sketch and transfers for the anal drawing. This illustration is of a 

leial heart The original drawing was enlarged rather tli.an reduced from the model 

’transfer Process Using One Sheet of Paper . — A second method of making 
“'Muster is as folloAvs: 

Pirst, turn the original sketch over face down on a piece of glass under 
is an cleetrie light, or hold it up to a window pane. Then rvith a soft 
fMril trace the lines that show through the paper. This tracing will be in nega- 
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live order. Claiup the sketeh, face up, over the moimlcd stipple hoard on the 
chart Iioldor and trace over the original lines of tlic .slceleli. Tlie .second tracin'’ 
will cause the lines on the under side of the sketeii paper to leave their impres- 
sion on the stipple lioard. The tran.sfor proee.sses arc necessary hecausc the 
stipple hoard does not readily lend itself to making eorrcctioins, Ilonever, it 
does make it po.ssil}lc to present detail, texture, and feeling that no other material 
presents. 


The Eraser . — Some illust,rators work in the well-known wash method, but 
tills procedure takes longer and requires more .skill in handling, and corrections 
are equally hard to make. Ijiglitcr areas in the pencil dust drawing arc accom- 
plished by erasing with a nif/rivorinc (No. 3) eraser, half of which lia,s been 
mounted on a charcoal liojder, as .seen in the left end of Fig. 1, 0. This eraser 
must bo kept pointed at all times so that, detail work may easily be accom- 
plished. There is a simihu' product called Weldon Roberts shading rubber 
No. 200.*^ This serves as well for .shading and erasing medical drawings done 
on Ross stipiilc board. 

Frequently these erasers are a little loo soft, for a great amount of detail 
work, even if they arc kept pointed. To overcome this difficulty they maybe 
placed in a small cloth hag and tlmmblaekod outside the window, thereby ex- 
posing them to tire weather. In three or four months they have hardened 
sufficiently to worlr iq) the detail freely. The nigvivovinc evasm arc not ex- 
pensive. They are made in h’rance and may be houghl at most art supjij 
stores. However, the artist .should not depend on this particular eraser alone, 
Init should cxjicrimont, to tlnd others which will answer his purpose as ve 
Tlie student sliould also provide himself willi a supply of arfgum erases oi 
cleaning his akelches and the edges of the finished drawing. 

Poinied Corl\~in the riglit-liand end of the charcoal holder of Fig. 1 , Sis 

placed a pointed cork. This cork can he jircjiarcd from almost au> com )o e 
stopper, hut should lie chosen from one that is comparatively free ® ” 
liard areas. Tlie smaller bottle stoppers arc host for this purpose. ^ 
drawing instrument .serves similarly to an ordinary paper slump hut is siipcu 
for sofleniug lines and blending small areas on paper or Ross stipp c 'oat . 

Chamois and Bluni Cork. — Fig. 1, 7 shows another charcoal holder, ^ ' ^ 

hand side of ivhicli lias been mounted on a piece of elinmois wiappc arm 
.small bit of the same material to form a pad. This pad is usee ° ® 
areas of the final drawing when they arc found to he too daik. R ' fjiati 
hand end of lliis eliarcoal holder (Fig. 1, 7) is mounted a piece o ^ 
round in sha]ie rather than ]iointcd. It is used for soilening Imgm (< 


on the final drawing, 

Engraving Tool or Scratc/icr. — ^Fig. 1. B, i-s nndoiihiodly one of tb^ 
portaiit of the drawing inslrnmonbs. It is an engraving too q,; 

through which pa.sscs a flat, piece of a very good grade of stce . ^ 
wood and steel lias lieen ground fiat on an emery wheel, as ^ 

hand side of l'’ig. 1, Sa. The point is curved as seen in PR' 

' • ‘ <hG F 'Wolicr 

•Alanufaotured In Now.-irk, N, J„ -n-liicli m.-vy lie olitaincU from 
PlillndelpWft, no- 
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C3ire- It is tlien ground on a fine carborundum flat stone, and polished 
icrther on a hard Arkansas oil stone. The point must be kept at razor sharp- 
res at all times by means of the Arkansas oil stone, without ever nsinar the 
enery wheel or carborundum stone a second time. All high lights on the 
nnhhed drawings are scratched out or etched out of the chalk-surfaced stipple 
hxird with this tool. 

Use of ihc Enf/rai'iug TooL—Thin lines or pin-point high lights may be 
nsde by holding the engraxdng tool vertically; as the angle to the surface is 
decreased, a broader line may be drawn. The engra^*ing tool or scraicJter, as 
h is called by medical artists, is held between the index and second fingers and 
gaded by the thumb rather than being held as one does a pencil (see Fig. 3). 
However, use all tools in the manner that is most suitable to you as an individual 
ird work with the kind of fools that you can use best. 



r?o *' — method of holding the engraving tool for scratchinsr out high lights in draw- 
boanL This tool niuit be kept at ra-or sharpness, otherrn^e harsh ragged 

^ Charles Dana Gibson stated in one of bb; lectures that many art students 
^ hini what particular make of pen point he uses in making his pen-and-ink 
Cdtniiss, His answer was that he uses any kind he finds suitable to draw with, 
all. it 15 ttig artist who uses the instrument rather than the instrument 
cakes the drawing. However, certain instruments ara better for specific 

^ rnlt-ss the scratc-her is kept sharp it not only beeor.:es cumbersome to work 
bat invariably makes broken, irregular iijgh lights or white lines that re- 
of the drawing. The further use of these tools will be described 
“*■ actually I>egin the making of a scientific illnsfration. 

>, or Cragoii Sauer, — The final dram'ng is worked up on stipple 

with earlwn pencils or crayon sanee that is applied with brushes. Crayon 
^ prepared by sandpapering the center or so'called lead of the 
Xo. 3 pencil. This pencil serves best for this sauce since it is of the right 
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softness. Harder pencils ^ive a d,,., u . i 
)oard quite so readily. This dust or m in"y]T 
hose xn winch the xnore expensive cigaref t s ^ ZT7 ? ' 

« to mount an ordinary sandpaper pad thatT , to 

sharpening charcoal) on an an-le Zl / ^ Purchased in art .stores (for 
Conte pencil is pointed on the^pad the" dn ''^'hentlie 
In this way the artist kills two h'irds with 

saves the dust which is later applied to tlie dro! honcii and 

-nd that no other pencils hut the Contd No. S^ia 





fn^ tones^^^Tho br\?sh,*^”^4 No, 1 is a largf 

illustration is written on fho black flat sabJe brushes 

^^0 ^ oduced tlie exact size of fho ^ brushes denote tfie/r sizes. This 

■-CO or the orieinai brushe.-:. (Prom the catalog of P. Weber 

no conditions should " ^ suitable for applying witli the brashes. Under 

carbon pencil lines \v'l]” niary lead pencil be sharpened on the pad, heeatise 
lines but will slid '' Z ^llck to the surface of the paper over ordinary pencil 
of these dusts tvilf Ihem and leave no mark at ail. A mixture 

tliis Conte dust in ^ <Ii{Tficultie.s. Should the artist not care to save 

prepared under ti Planner described, he will be able to purchase it already 
numerous necessar.!^ CTayoii sauce. However, he will find that the 

supply, ‘ ®^uipemngs of his Conte pencil will provide an ample 

Bmshos . — There oto i 

4, 1 shows a fair-siveP f? i jn-ushes used for applying this Conte dust. Fig. 

even tone over the r ^^Icnding brush. This is suitable for applying an 

rone over the entire surface of the , i,„ le ,vjtl 


even tone over tlm^^^r blending brush. This is suitable for applyii 

one of the other three^h! barker tones may be put in 

used for fine work and h'' u ’ 

in Fio- 4 9 ,,,511 1 others for covering larger masses. The brush shorn 

" \ Hunt is used most. 

dent will find^tW ti drawing is practically finished, the stu 

at there are areas which must be made darker when the stipph 



CLARKE: CRAYON SAUCE TECHNIQUE FOR MEUICAt, ILLUSTRATION 1695 


board will not take a tone of sufficient blaekiicss. This can be accomplished 
l)j- pouring (not atomizing) alcohol on the drawing and then draining it off 
at a corner hack into the bottle. After the alcohol has drained off sufficiently 
to lose its glo.ssy, wet appearance, more pencil dust can be applied with the 
brush. The .stipple board thus treated with alcohol permits darker tones. How- 
ever, this should not he done until tlie drawing is practically finished, as any 
erasing thereafter heconics more difficult. The alcohol has a tendency to harden 
the chalk surface of the stipple board. Never pour alcohol or fi.xative on a 
tharcoal drawing. It is necessary to apply the alcohol or fi.\ative to charcoal 
drawings with an atomizer. 

After this alcohol treatment there may be pomt.s that still need to be made 
darker. This can be accomplished with pen and India ink; liowcver, bear in 
Blind that the less it becomes necessary to apply ink, the better the drawing 
is likely to be. AVork contimiou.sly with pencils, crayon sauce, and brushes until 
.veil can see no other points to improve, then apply the ink to points that you 
find impossible to make darker with the pencil or crayon sauce. Any number 
of applicatioim of alcohol may be applied without harming the drawing, e.'ieept 
for erasing. AA'hen entirely finished, the drawing may be fixed with ordinary 
alcohol tLsativc (for charcoal drawings) that has been diluted with three parts of 
alcohol. 

Xummnri/ of Materials . — The following is a .summary of the materials ii.sed 
in making drawings in pencil dust on Ro.ss stipple board : 

An ample supply of thin drawing paper or a good grade of typewriting 
!>apcr. Some of the sheets should be twice typewriting paper size for large 
drawings. 

Ross stipple board No. 00 dull. 

A supply of heavy cardboard for mounting, at lea,st 14 ply. 

AVater paste, rubber eemouf, or dr,v mounting process for mounting. 

One engraving tool or seratehcr. 

Conte No. 3 pencils. 

Crayon .sauce. 

AVolff pencils— BB, B, IIB, and H. 

Two charcoal holders. 

Cork for stumps. 

A piece of chamois. 

Three flat red or black sable biTLshes, Vg, t/4, and inch wide. 

One blending brush about 1 inch wide. 

bigrivorine eiuscrs. 

Artgum erasers. 

THE PENCIL DUST TECHNIQUE 

As the antiquated axiom goes, “Rome wasnT built in a day,” so it is with 
“'wloping the ability to draw. AA’'e do not aequirc perfection in the production 
of scientific illustrations overnight. For this reason, the study of the pencil 
'lost technique should be started with comparatively simple subjoet.s, such as a 
0"' Alalaga grapes, a rubber tube or ball. Before accepting these as simple 
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subjects let us first study them carefully. There are high lights, reflected lights, 
and shadow's to be cousidered. Grapes are semitvausparent or traiislueent. This 
effect of transmitted light is not easy to obtain on paper, therefore one’s first 
drawing should be undertaken with great care and a determination to prothicc 
a satisfactor5' illustration. 



Fig. 5. — A pencil dust drawing of two balls or splieres. 


Fig. 



made in »" 


When a drawing is copied from a reproduction, it should be eii arg^ gppjej, 
times, at least to a convenient working size. When drawings in tone ar 
they should be copied from the original drawings if possible, tlioUo 
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belter to work from the actual subject. For this reason, simple subjects easy to 
obtain are meutioued. Whore it is not possible to obtain the same subject, a 
similar one will serve. For instance, white marbles or large clear glass beads 
could take the place of grapes. The drawing of grapes, marbles, or beads de- 
velops a de.'ctcrity in drawing the cysts that ai'c so often present in pathologic 
specimens. While some of these subjects will be quite simple and seem to possess 
little bearing on scientihe illustration, they have been chosen for a definite 
purpose. The training received in drawing them vrill be useful when actual 
scientific subjects present themselves. 

Make a careful line sketch of the model with a Conte No. 3 or Wolff BB 
pencil. This sketch may be the same size as the subject. It is best to try to make 
tliis, as well as the subsequent sketches, in line rather than graded tones, because 
this helps to develop a feeling for lines and how their placing, running direc- 
tions, and curves can determine various ideas of modeling and shading. This 
rule should be followed in making all scientific drawings for transfer. Such 


.... yw. !■— a small clrawlna of an ovarian cyst. This type of drawing shows one of the arst 
mens student should undertake in tlevelopinp tt technique for illustrating- pathologic specl- 
should have learned from drawing spheres, depressions, raised areas, 
shapes apply to the making of such an illustration. 



fractice is invaluable when it becomes necessary to make pen-and-ink drawings 
"hich arc generally done in line only. There is a dry brush and India ink 
hchnique lused quite often by commercial artists, but I believe that at present 
h is not well suited to scientific illustration. However, there is no reason why 
e-veellent draftsman should not be able to develop a brush and ink technique 
suitable for this purpose. 

Transferrhig . — ^After this line sketch is well developed, transfer it as previ- 
de.seribed. It is this transfer which is to he worked into the final drawing. 


developing the Pencil Dust Drawing.— First, carefully outline the subject 
Wolff BB pencil. Do not make these outlines too heavy, as it must he 
^Mcmbered that they are eventually to be blended into the tones of the body 
“ file drawing. A general tone now may be applied to the entire surface of 
® paper with the blending brush. Dip tlie brush in your box of crayon sauce 
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and then wipe it off on tiie chamois pad lor that purpose. Lightly brush ovrr 
the entire surface of the drawing, thus giving it a general tone of about the 
shade you consider the greater part of the original to he. Using this as a hey, 
pick out the high lights with the nigrivorine eraser and apply the darker tones 
with the fiat sable brushes. 



Fig. 8. — Two views of a single pathologic specimen principles ies’i'Pf nPove. 

natural surrounding structures as a means of W'lentation. M!m> P illusOated 

simpler drawings make it possible to produce a more complicated draumt. 
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No liard and fast rules are set down for the remainder of the work of 
(icvelopiiig the drawing:. The student should work in the way which suits him 
best. The following directions are no more than suggestions of how to use the 
materials for the pencil dust technique. Some students prefer to pick out the 
high lights and lighten the areas that arc lighter than the general tone. Others 
start right in with the hrushe.s to obtain the darker gradations. Eitiier method 
is acceptable. 



,, .rie. 9. — In lIIuatratlnF a surgical procedure the operative technique should be developed 
mint example, this illustration shows the Orst step in an operation for the treat- 

horVnv ir'ttoptosis. The caption published under this Ogure read as Eonow.s. A modified 
ooilnn l"ei.'don. The intercostal niu.scle Is exposed In the upper end of the wound. An ade- 
Eulletin obtained with a maximum of consideration to anatomic details.” IFrom the 

of the School of Medicine, University of Marj'land.) 


^^'orhing From Light to Dari ;. — Find the definite high lights, wliieh can 
^ little more than points. Erase these from the general tone with the pointed 
“ascr. Larger areas may be tviped out w-ith the mounted eliamois. If these 
“tras are to be made still lighter, they may be erased by lightly touching or 
Rliding the pointed eraser over the surface of tlie paper. Definite points of 
^'Siit may he etched or scratched out with the engraving tool. However, this 
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should not he done until the draudng is well modeled udtli the hrusli and eraser. 
If the engraving tool is used too soon, the drawing may lack depth of modeling. 
These are terms employed to express the illusion of the third dimension on "a 
flat surface such as drawing paper. After the drawing is well modeled, the 
engraving tool is used to etch out minute points of light and to lighten small 



Pig. 10.— Another step in the development of tlie same surgical proceour . ^^^^ 
under this figure read as follows: “A method of placing sutures ‘ nnective tissue, 

sutures may vary in position as desired, Tlie pedicle and ureter are freea “ /yrom the 

The anterior surface of the kidney is shown and tiie ureter is pulled meaiauj. 

Bulletin of the School of Medicine, University of Maryland.) 

areas by gliding the instrument over the paper. If this tool is of razor 
and handled lightly, it will remove only the tops of the tiny raised areas o ^ 
stipple board 'and create an additional tone that ivill improve the 
whole. The best illustrations have a full range of tone from the lightest 
the darkest dark, with numerous graded tones between. ^ 

A brush of medium size that has been dipped in the crayon 
used to blend carefully and lightly in the shades of tones on the sha 
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Ihc (irawiiig. Bear in mind tiiaf sjiace must he sarod for tiie reflected lights 
and that the (one is darkest next to these reflected liglit.s. After tlieso tones arc 
shaded in to the l)e.st of your ability, take the pointed cork and soften the out- 
lines that were draivn in the beginning. Be careful not to let the tone ivhich 
is spread by the eorlc come too far over into the reflected lights, or the lighter 
areas, as a ivitle line. Should this happen the oi erlapping tone may be re- 
nioved by the pointed era.sor. 



it — ^In this step of the procedure, the free ends of the capsular sutures arc brought 
inrough the intercostal muscle above the ttvelflh rib before the Kidney is drawn into place, 
'troiu the Bulletin of the School of Medicine, University of Ararj-Jand.) 


Use of Drawing Instruments. — As the dratving develops use the instrument 
'rhich suggests itself. IVhen a point or area is too dark, use the eraser, chamois, 
w engraving tool to lighten it. When it is too light, use the cork, brushes, or 
ixaeils (o darken it. It is a constant alternating from one instrument to another 
“”d a careful morldug with them tliat eventually produces a finished drawing. 






loivs; 7~~ CA WCIcTe, 

ifhoS''vi/^i?«'3-''‘TiVU'Aw ^ — 

Unh-et.X'oTlV'® ?‘wnel‘&i'-«on. 

fed tj, '■ 

«ee« 0„ f.esl. p.d.io,fe 

^^^'<^loping f/“ i of obtaining different 

^«oimed drawh!" aZ dTI ^ P°'"‘ 

««re tiiat tile en«r *-ain hack ^T 

««t^re stu-face of the paper 1 ^ *'0® a coreer. Be 

Papez zs covered zvith alcohol, othenrise e h'ae 
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may form between the covered and iineovered surfaces. iU soon n.s all indica- 
tions of wetness have disappeared, a second coat of crayon sauce may be applied 
where necessary to obtain darker tones. 



13. — The final Illustration in the suraic.al technique previously describetl. The caption 
® flg^ire read as follows: "A dtaErrammatit posterior view of a hypothetical case and 
correction possible." (From the Bulletin of the School of Medicine, Unlversit>- of 

If there arc areas that are still to be made darker, this may be accomplished 
V pas.sing the point of the Wolff BB or Conte pencil lightly over them. In such 
a ca.se do not bear hard enough on the pencil to pre.s.s into the paper or to leave 
® Wicroscopie mound of carbon at the end of a pencil line. It is better to go over 
area again and again until the desired tone is produced. The final dark 
loiiches to the drawing may be done with pen and India inlc. This should be 
'■'Pplied sparingly, otherwise it may be eonspieuons to the point of affecting the 
^aaliiy of the drawing, 

Pixincf Pencil Dust Drawings . — After you have worked on the drawing until 
Rothing further suggests itself, it should be made pci-manent with a weak fi.\-ative 
® one part fixative to three parts of alcohol. 
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Fixative of normal strength can be made by dissolving 2 ounces of gum 
mastic in 8 ounces of alcohol. For pencil dust draivings this should he diluted 
to a point where it ivill leave no gloss on the stipple board after it is dry. This 
can be done by adding three parts of alcohol to one part of fixative. 

Shellac fixative can be made as follows : Dissolve % pound of dry white 
shellac in a quart of alcohol. Shake well every few days until the shellae is 
completelj^ dissolved, then let it settle for ten days and pour off the clear yellow 
liquid above the shellac that has settled to the bottom of the container. Be 
careful not to allow any of the .sediment to mix with the clear solution. For 
pencil dust drawings this should be diluted with about six parts of alcohol. 

It is best for the fixative to be no stronger than necessary to keep the pencil 
dust from smudging or coming off the board. "Wliile draw'ings can he ivorked 
on after fixing, it is better to develop them as far as possible before tbcing. 
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MENINGITIS, -Pneumococcic and Influenzal, Treatment of, With Sulfapyridine and Its 

Sodium Salt, Neal, J. B., Appelhaiim, E., and Jackson, N. W. J. A. A. 115: 2055, 

1940. 

The authors present a .scries of 30 esise.s of pncuniocoeeu’ rneninfiitis uitli 10 recoveries 
and 29 cases of nieninfritis due to H. influenzae with 14 recoveries treated with sulfapyridine, 
its sodium salt, or both. A specific serum was usually employed as well. However, they 
believe, in View of previous experience, that the lower case fatality in both forms of men- 
ingitis is attributable largely to this form of chemotherapy. 

SMEGMA BACILLTTS, Differentiation of Tubercle and, Bent, M. J., and West, H. D. 

Am. Ecv. Tuberc. 42: Slo, 1940, 

The disappearance of color in cultures of smegma bacilli grown on Petragnani’s and 
on Petroff’s media containing malachite green can be used to differentiate these organisms 
from tubercle bacilli which arc not capable of producing the change m these culture media. 

The color change rcsulf.s from a tautomeric shift of the dye molecule to the colorless 
color base of malachite green because of increased alkalinity. The increased alkalinity is 
due to the greater production of ammonia by the smegma bacilli. 

Autolysis of smegma bacilli witit the production of ammonia is probably an important 
factor. 

BONE, Giant Cell Tumor of, Jaffe, H. L., Lichtenstein, L., and Partis, R. B. Arch. Path. 

30: 993, 1940. 

A conception of the giant cell tumor of bone has been developed which can be briefly 
summarized as follows; The giant cell tumor of bone is not as common or as miscellaneous 
a-leuon as it lias generally been supposed to be. Cases of medullarj' fibroma or osteofibroma 
of medullary xanthofibroma or xanthogranuloma, and of certain peculiar forms of medullary 
chondroma, for instance, are sometimes miselassificd under tlie licad of giant cell tumors — 
notably as representing supposed variants of the latter. The authors deprecate this tendency 
nnd hold in particular that case*! classed under tlic head of “osteitis fibrosa or spindle 
cell variant, “ “xantliic variant” or “chondioraatous variant” of giant cell tumor actually 
represent misclassified cases of these other, independent conditions. They have frequently 
made such misclassificatious. Furthermore, they feci that the resemblance between the so- 
called “brown tumors” of hyperparatbyroidlsm and certain epulides, on the one band, and 
Kenuine giant cell tumors, on the other, is only superficial and is not based on any patho- 
fjenetic relationship. 

The authors interpret the giant cell tumor of bone as a neoplasm of a definite kind, 
arming apparently from the undifferentiated supporting connective tissue of the marrow 

clearly delimitable on the basis of its cytologic details. In essence, it is composed of 
^ more or less vascularized network of spindle-shaped or ovoid stromal cells and multinuclear 
pant cells in certain particular proportions and arrangements. The tumor shows but little 
follagenous differentiation of its stroma and almost no evidence of ossification. However, 
‘|icre are differences between individual giant cell tumors, particularly in respect to aggres- 
®‘Teness, based mainly on differences in stromal cell detail. On the basis of these differences, 
'^6 have found it expedient to subclassify giant cell tumors into three grades. 
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Tliose which are classed under grade I are the least aggressive ones, in which the 
stromal cells, though abundant, are not compacted and do not exhibit any appreciable atypism, 
The tumors of grade II manifest cytologically a very compact cellular stroma, showing 
definite evidences of atypism, tend strongly toward recurrence, and in some cases eventually 
undergo malignant transformation. Those of grade III represent the small group which 
possess a sarcoinatous type of stroma, are frankly malignant and metastasize. The malignant 
giant cell tumors are characterized microscopically by the presence of abundant, compacted 
stromal cells appearing in whorled arrangement and uniformly showing signs of atypism. 

From the clinical point of view this study has siiown that a genuine giant cell tumor 
is not likely to develop in any person below the age of 20. In connection with the inter- 
pretation of the roentgenographic findings, it is pointed out tliat, despite the common 
opinion, there is no such tiling as a “ typical ” or a ‘ ' characteristic ’ ’ roentgen picture of a 
giant cell tumor. It is maintained further that "blind” irradiation based on an unverified 
roentgenographic diagnosis is usually not justifiable and that a biopsy should be performed 
on a bone lesion suspected of lieing a giant cell tumor to establish the diagnosis definitely 
before therapy is undertaken. The treatment of a giant cell tumor of bone should he 
guided by the idea that this lesion (considered independently of its supposed variants) is, 
on the whole, a more serious one tlian it has usually been supposed. 

StniFATHIAZOLE in Blood and Urine, Sunderman, F. W., and Pepper, D. S. Am. J. 

Med. Sc. 200: 790, 1940. 

Applying methods for the analysis of sulfanilamide in whole blood to the measurement 
of aulfathiazole, the authors have found that recovery of sulfathiazole in whole blood aver- 
ages approximately 80 per cent of the theoretical. Tliis diminution in the recovery was 
shown to occur during protein precipitation. Employing serum instead of whole blood, loss 
of sulfathiazole is considerably less, averaging only about 3 per cent. For this reason, the 
authors feel that analysis for sulfathiazole should be made in scrum instead of whole blood. 
A procedure for analysis in serum is suggested in which an arbitrary correction for the loss 
is made in the final calculation. 

Since both sulfathiazole and its acetyl derivative are about twice as soluble in urine 
of pH 7.6 as in urine of pH 5.6, it may be inferred that when cr.rstalline concentrations 
owing to sulfathiazole therapy- threaten, an effort should be made to keep the urine al a me 
and to secure a large urinary volume. 

The method for serum follows: Two milliliters of serum obtained from 
clotted blood are run into a 25 ml. volumetric flask containing 10 ml. of 8 per cent 
racetic acid. After shaking thorouglily to keep tlie precipitate finally divided, the 
is diluted to the mark with distilled water. The contents are mixed and allowed 
for twenty minutes; tlien filtered through Whatman No. 44 paper to obtain a 
filtrate. Ten milliliters of the filtrate arc diazotized at room temperature wit i 
0.1 per cent freshly- made solution of sodium nitrite. The solution, after standing o 
minutes, is treated with 1 ml. of 0.5 per cent solution of ammonium sulfama 
mixing thoroughly, 5 ml. of dimethyl-alpha-naphthylaniine coupling reagent are at i 
tube is stoppered, inverted once, and allowed to stand for ten minutes. 

Comparisons of color development are made by means of a colorimeter (or p m 
cell device), utilizing sulfathiazole standards of appropriate concentrations carric^^^ 5 ],jl;cn 
the same procedure as with the unknown. It is important that the solutions e^^w^ 
before placing them in the colorimeter cups to eliminate small gas bub es 
present. (The gas is presumably nitrogen formed by the destruction o 
SO,NH,.) The authors employ a colorimeter (Bauscli & Lomb) ’'”qHndar'ds of ap- 

The eyepiece of the colorimeter is fitted with a No. 74 Wratfen fi er. 200 wg- 

uropriate concentrations are made from a stock solution of sulfatluazo e c • |fathiazol« 
per liter. It is convenient to have prepared standards w-ith concentra ions 
of 0-2; 0.4, and 0.8 mg. per 100 ml., respectively. 



Calculation: 

Rea ding of Standard 

Reading of Unknomi x mg. of Su)fathiazole in SiJxndard x Dilution factor x Correc- 
tion factor = mg. per 100 ml. Correction factor = 1.03. 

Recovery of sulfatliiazole from protein-free urine iji practically quantitative. The pro- 
cedure for serum may be applied to urine determinations disregarding the correction factor. 
It is preferable that appropriate dilutions of urine be made so that sulfatliiazole concentra- 
tion in the diluted urine is between 5 and 3D mg. per 100 ml. 

meningitis, Pneiunococcic, Treatment of, Bhoads, P. S., Hojme, A. L., Levin, B., 

Horswell, B. G., Beals, W. H., and Pox, W. W, J. A. 31. A. 115: 917, 1940. 

In a series of 22 consecutive cases of pneumoeoccic meningitis treated by the authors 
with the combined u.«e of sulfanilamide or sulfapyridine (and its sodium salt) and specific 
antipneumococcus rabbit serum there were 7 recoveries. 

In the period covering these cases, more patients were admitted to the Cook County- 
Hospital with pneumococcie meningitis than with nieningococciC meningitis. The old teach- 
ing that purulent meningitis should be treated as nicmngococcic meningitis until proved 
otherwise is entirely outmoded. A vigorous search for the etiologic agent must be started 
at once and pursued until the organism is determined. Pending that tune, sulfapyridine by 
mouth or its sodium salt intravenou.^sly should be given in large doses, unless hemolytic 
streptococci are strongly suspected, in which case sulfanilamide may be tlie better chemo- 
therapeutic agent. 

Tlie best prognosis in cases of mcningococcic meningitis is in so-cnlled primary cases, 

i.e., those uniissociated with otlier demonstrable pneumococcie lesions. The worst prognosis 
is in those cases associated with pneumococcie endocarditis and/or cxten.«ive pneumonia. 

In addition to vigorous chemotherapy and .scrum therapy, surgical drainage of focal 
lesions, care to maintain an adequate fluid and caloric intake, and occasionally blood trans- 
fusions, are of the utmost importance. 

HRCTUM, Prognosis in Carcinoma of, Broders, A. C., Buie, L. A., and Laird, D. B. 

J. A. 31. A. 115: 106G, 1940. 

A total of 432 resected specimens of carcinoma of the rectum were graded according 
io Broder’s method and grouped according to Duke's method of classification. The 
distributions of grade and class were studied in comparison with other investigations and 
also in relationship to survival after operation. On the basis of the entire study, certain 
conclusions were reached: 

1. The presence or absence of mucus loses importance as a guide to prognosis if his- 
tologic grading is done by Broiler's method. 

2. Tumors of higher grades are more rapid in growth, and their metaatascs cause the 
death of tlie patient earlier than those of lower grades. 

3. The das.'tification of the lesion according to the method of Duke is also correlated 
^’ith postoperative life; the higher the class, the less the percentage survival. 

4. A combination of Broder’s grading and Duke’s classification yields a prognosis of 
survival more accurate than either method taken separately. 

STPERtensioN and the Surgical Kidney, Braasch, W, F., Walters, W., and Hammer, 
J. J. A. M. A. 115: 1837, 1940. 

One hundred and fifty approximately consecutive nephrectomies were studied. These 
cases Were representative of severe unilateral renal damage. 

Hypertension -was not a common finding in the clinical picture in this group. 

Vascular changes, -which have been considered to be causative factors in the production 
of hypertension, were present in a high percentage of the case.s. 
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Elevation of blood pressure readings in these eases was not the rule, even in clironii' 
pyelonephritis. Nephrectomy was not followed by appreciable reduction in blood piessuic 
readings before operation. 

The exact etiologic factor in renal (ischemie) hypertension is a.s yet unhnomi. The 
pathologic and anatomic elements seem less important than an as yet unknown physiologir 
element. 

BIOPSY, Testicular, Its Value in Male Sterility, Chamy, C. W. J. A. 11. A. 117: 1429, 1D40. 

The testis, with the scrotal skin taut, is held in the operator’s left hand. After ap- 
plication of an antiseptic, a portion of the skin overlying the anterior surface of the testi.? i? 
infiltrated with 1 per cent procaine hydrochloride. An incision about 1.5 cm, long is made 
through the skin and carefully' carried through all the fascial layers until the parietal layer 
of the tunica vaginalis is opened. This is signalized by the e.seapc of serous fluid and tiie 
appearance of tbe glistening visceral layer of the tunica vaginalis. The latter and the tunica 
albuginea are nicked with a small scalpel. Gentle pressure on the testis now serves to extrude 
a small bead of tissue, which is cut off with a curved iridectomy scissors. The testicular in- 
cision need not be sutured. The skin is closed with two interrupted catgut sutures and a 
collodion dressing is applied. The patient may return to his former duties the folioning day, 
wearing a suspensory for a day or two. The specimen of tissue is preserved in Bouin’s solution, 
mounted in paraffin for section, and stained by hematoxylin eosin. 

Testicular biopsy is a simple, innocuous procedure, ns shown by its application in 40 in- 
fertile patients without a single mishap. 

Testicular biopsy is not only a definite diagnostic aid in differentiating between obstruc- 
tive and nonobstructive semen defects but serves a prognostic function as well. 

^Yhea performed before and after treatment, testicular biopsy yields the most direct 
evidence of the efficiency of the therapeutic agent employed. 

PNEXmocOCCIC nfTECTIOK, Changes in the Number of Circulating Leucocytes in 

Eelation to Spontaneous Recovery Prom, Bleisher, M. S., and Eich, G. T. Arch. Pat . 

30; 843, 1940. 

The change (relative increase or decrease) of the total number of leucocytes and of 
number of neutrophiles per cubic millimeter of the circulating blood of the guinea pig "■ . 

four hours after infection with type I pneumococci bears a positive relationship to tie sp 
taneous death or recovery of tbe animal. Even at six hours after infection this 
suggested or is evident. This positive relationship can be observed wlien death 
is postponed for more than twenty-four hours subsequent to six-liour or 
counts. Study of the response of animals to a nonspecific irritant suggests the possi 1 1 
this early reaction of the leucocytes is at least in part an inherent physiologic a ap * 
of the animal. 

BLOOD VOLUME and Extracellular Bluid Volume in Infants and Children, Eobinow, M, 

and Hamilton, W. F. Am. J. Dis. Child. 60: 827, 1940. 

Blood volumes of newborn infants’ averaged 98.3 8.7 c.c. per Irilogram of 
Tbe relative plasma volumes varied inversely with the hematocrit rea in„. 
explanation for this phenomenon is given. injected 

“Extracellular fluid volumes” were calculated from the dilution of tody 

sodium sulfocyanate. These volumes increased with age if calculated on le • 
surface but decreased if calculated on the basis of body weight. malnutri: 

Extracellular fluid volumes were found to be large in nephritic edema an 
tion. Loiv values were found in obesity and in dehydration. lasnia. 

Histamine shock in dogs did not change the concentration of sulfocyanate m P > 

The fluid of edema in acute nephritis is apparently entirely extracellul. 



REVIEIVS 


Books aud Monographs for Review should be seat direct to the Editor, 
Dr. Warren T. Vaughan, 201 West PrankUn Street, Richmond, Va. 


Diagnosis and Treatment of Menstrual Disorders and Sterility-'' 

'T’HIS hook is a well written, thorough summary of endocrine functions in g>*necology which 
■* is pusy to read and interesting, ll is wntten more from tlie clinical than from the 
didactic standpoint, and thus is of practical benefit to the practitioner. The authors take 
up the entire held of menstrual disorders very thoroughly as to diagnosis and treatment, 
and inciude sufficient aspects of anatomy, ctiologj', and patliology’ to present a complete picture. 
There is also a short hut comprehensive summary of the normal physiologj* of the menstrual 
cycle. The subject of sterility is thoroughly taken up as to etiology, diagnostic study, and 
trpatment. 

The hook is well illu-^trated and contains tables illustrating differential diagnosis. There 
is a good bibliography at the end of each chapter and a well-prepared index. 


Synopsis of Materia Medica, Toxicology, and Pharmacology! 

pXCEPT for the dimensiona of the volume this can hardly be considered a synopsis. With 
^ over ()00 pages printed in small type, it is a very comprehensive piiarraacology. The 
book is small, and tUcrcforc, nvight be termed a handbook. Otherwise it is an excellent 
wfercDCfl work on pharmacology. 

It takes up tUo subdivisions of the subject in logical order, starting with basic principles, 
then materia medica, and proscription writing, followed by toxicology. 

To the reriewer this seems to be a very logical appioach, and one which is usually not 
followed since most of these subjects appear \n an appendix at the end of a book. Obviously, 
these are phases that could well be mastered by the student before starting with the actual 
basic considerations of the action of drugs. 

In the body of the book, drugs arc grouped in accordance with the localization of tlioir 
nriioa, whether it be in the skin, central nervous system, the peripheral nervous system, muscle, 
die urinary tract, etc. final chapters deal with vitamins, scrums, vaccines, hormones. The 
julfonamide compounds are grouped with several other drugs in a final miscellaneous chapter. 


The American College of Physicians! 

^HIS volume is unic^ue in that it presents a complete and accurate history of one of our 
outstanding medical organizations from its birth in 191S to the present time. The editor, 

V * .>‘.pi®Bnoa(s ami Treatment of Menstrual Disorders and Sterility. By Charles Mazer, M.D*. 
Assistant Professor of Gynecology and Obstetrics Graduate School of Medzcine, Urn- 
Pennsylvania; Gynecologist to the Mount Smat Hospt e«m 

{Sj-ae}, m.D,. P.A.CR Jn Gynecology and Obstetrics. Sc ;o| 

)logiat to the Mount Sinai Hos ^ .108 

36.50. Paul B. Hoeber. Inc. ■ or 

London, 1941. 

■ ' 'Ca Toxicology, and Pharmacology. For Students and Practi- 

‘ Ramon Davison, B.A,, M.Sc.. Ph.D., M.B., Assistant Professor 
, ,, , uie ftcnuoi of Medicine. University of Arkansas, Little Rc«k. _ Cloth, pages 

' with 45 illustrations, including 4 in color. The C. V. Mosby Company, St. Louis, 1940. 

American College of Phs’slclans Its First Quarter Century. Historian William 

HUH., Sc.O., M A.C.P.. Fello-- — ‘ I. 

» «s;9-32). Secretair-General (1532-37). ' ■ ■ . ■ > 

OeoiSi;!"’'?',''!'' College of Physicians; Professo , ■ i. 

cal Sj.5’’.P'>*''erslty School of Medicine, lyashlng 

Association, Cloth, pages 275, J2.00, America . , , 
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Doctor William Gerry Morgan, is peculiarly qualified for the assignment of chief historian. 
He became a member in 1910, and has closely followed the vicissitudes and triumphs of the 
College since that time, holding several offices of trust and re.sponsibility during the formative 
period of the Society, as well as in later, more sanguine years. 

The History is conveniently and logically divided into two parts. Part One consists 
of chapters on: “The Founding of the College’’; “The Presidents of the College”; “Other 
Officers,’’ including The Seeretary-General.s, The Treasurers, Bditor.s of the Journal, Chairmen 
of the Board of Governors and The Executive Secretary from flic pen of Doctor IVilliam Gerry 
Morgan; “The Constitution and By-Laws’’; “Financial Record of the College” contribnled 
by Edward E. Loveland; also “The Publications of the College”; “Tim American Board of 
Internal Medicine”; “My Recollections of the Period, 1925-29”; “The Story of Recent 
Years”; by Doctors Maurice C. Pincoffs, Walter L. Bierring, Charles F. Martin, and James 
Alexander Miller, respectively. This section contributes a number of short biographical 
sketches of outstanding American phy.sician.s. Part Two, “The Chronology,” presents, in 
documentary form, abstracts from the minutes of the meetings of the Board of Regents and 
the Board of Governors. A final chapter outlines the present objectives, activities, administra- 
tion, and requirements of admission to the College. The preface is splendidly written hy 
a former President and present Secretary-General, Doctor George Morris Piersol. 

A compreliensive, quarter century history of The American College of Physicians must 
necessarily contain a great deal of the worth-while history of American medicine. Therefore, 
this work should be of vital interest to all who practice tliat art in this country. 


The Pharmacological Basis of Therapeutics’’ 

T his is a major contribution to the literature of pharmacology. It will undouhtedlj soon 
assume a position as one of the three leading textbooks on the .subject. The sequence o 
presentation is new, Tlie drugs discussed' are brought up-to-the-minute and include the a es 
sulfonamide compounds, endocrine preparations, and tlie newest anesthetics and hypnotics. e 
discussion of pharmacologic action is broadened in that there is more than tlie usual descnp ion 
of clinical action in addition to effects on experimental animals. The volume v'ill u a p ac 
not only as a textbook but also as a general reference manual. 




CORRESPONDENCE 


The Eilifoi', 

JOURXA!, 01’ Ijabokatoby akd Cunicai. Mewcine. 

Owing to tlio fact that the male partner in marital infertility is ot late being 
more acutely observed, reports emanating from competent observers show that 
tile husband is at least responsible for sterility just as frequently as is his mate. 
H’iti tins new swing toward placing the responsibility upon the male in certain 
instances of necrozoo.spei'min, a word of caution should be interposed. 

If repeated semen analyses, when eorrcetly performed, show no evidence 
whatsoever of the presence of spermatozoa, the basic cause for infertility may 
he placed directly upon the male. However, within the past few years I 
have seen the male blamed in numerous instanecs because of an erroneous diag- 
nosis of total ncerozoospermia. Although an ejaculate is sometimes encountered 
with all the spermatozoa motionless (dead), true nccrozoo.spcrmia within the 
wale genitals is a rarity. Sperm.s can be casil.v killed by a mimber of external 
factors soon otter cjacitiation, giving the false impression that t!)e.v were dead 
before ejaculation. I faolievo that this occurs more frequently than is nsually 
believed. 

I have collected 17 illustrative patients (four of them physicians), in whom 
the seminal fluid had been previously tested l)y different examiners. In each 
instance, tlie husband bad l)cen informed that m.any sperms were foitnd but 
that ail were dead. Since those men had been found deficient, their spouses were 
act examined. Following the semen findings, the men were encouraged either 
!o submit to some form of injection therapy to “improve” their sperms or to 
adopt a child or to resort to artificial donor in.seminations. 

In my examinations the semen iu every case presented living, motile 
spermatozoa. Although six men .showed evidence of spermatic deficiency, not one 
af them had specimens that contained less than 16,000,000 living spermatozoa 
per cubic centimeter of semen. Eleven were found to fit within the normal range 
of male fertility, and in tiiese it was urged that the etiology of the barren 
aiarriage be sought for in the female partners. Upon checking back at the earlier 
diagno,si.s of total ncerozoospermia, it was shown that in each instance there 
was some error cither in the eolleetion or in the transportation of the semen, 
prior to examination. The death ot the spermatozoa could, therefore, be definitely 
fraeed to some external factor following e,jaeulntion, 

B.r far the most common cause of death of spermatozoa after ejaculation 
'vw the condom method of semen eolleetion. It has been repeatedly shown 
iritliin (he past few years that the condom should be discarded as a method of 
coikdion of semen for analytical purposes, because the chemical .substances witii 
"■hich the rubber is treated are drastic spermicides. Not onl.y do the substances 

irii 
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used in the manufacture of rubber aet as spermicides, but also in many instances 
condoms are treated Avitli chemical dusting powders, possible contraceptive sub- 
stances, and other materials deleterious to sperm life. The use of the washed 
condom should also lie discontinued since it is not ideal for sperm life and 
rubber decomposes when lubricated. 

Another means used to cause necrozoospermia was the condom specimen 
placed in hot water. The patient in his zeal to folloiv instructions to “keep 
the specimen warm” placed the condom in a thermos bottle containing hot water 
w’hich could almost scald. This, in spite of the now accepted fact that sperma- 
tozoa fare poorly in heat and do well at temperatures ielotv that of the body. 
Spermatozoa live more than twice as long in a test tube at ordinary room tem- 
perature than -when kept warm at bodj' temperature. 

Other causes of sperm death were contaminants from glass receptacles. In 
one instance, the patient was given a container supplied by the city health de- 
partment for use in collecting sputum for acid fast studies. The patient ejacu- 
lated into this container and noted a strong odor of carbolic acid from tlic 
specimen .jar. A few drops of phenol are added to these sputum jars as a; 
preservative, and earliolic acid, even when dilute, is a strong spermicide. In an- 
other instance, I received a specimen in a container which smelled strongly of 
formalin. Of course, the sperm cells were motionless. In an attempt to he ultra- 
scientific one physician brought his own semen to be analyzed and added what 
he thought to be physiologic saline to the semen. All the spermatozoa were im- 
motile. It was found that the supposed ‘‘physiologic saline” was not really 
normal saline but a rough approximation. Unless tlie concentration of saline 
is exactly that of normal iiody solution of salts, any. slight variation will he 
hostile to sperm life. Furthermore, normal saline has no place in semen collec- 
tion or analysis. 

Ordinary tap w'ater has recently been shown to be highly spemicida . 
Spermatozoa die immediately when exposed to plain water. All receptac es 
should be absolutely dry when used for semen collection. 

I suggest a simple method for collection of semen. Although it may no 
be the most aesthetic, it is the most exact and scientific method. Aftei the ma e 
has refrained from intercourse for four or five day^s, he appears at the examiner s 
office. He carefully washes his hands and genitals with soap and water. len 
the hands and penis are thoroughly rinsed a number of times with tap va ei o 
remove all soap. Tlie hands and genitals are dried with a clean tou e . 
urinates, to free the urethra from possible soapy contaminants. A 
is then obtained by ejaculation into a clean, sterile, diy, 
receptacle (either a wdde specimen jar or an ordinary glass tumblei). 
the ejaculate is lost. The semen remains in the glass receptacle at 
ture for ten to fifteen minutes, to liquefy and become mneolyzed. 
ready for examination. 


'817 "West End Avenue 
New York, N. Y. 


Abner I. Weisman. 
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has prompted an upsurge of interest in the relation of the Iddney to iuereased 
arterial pressure, which has led to new concepts of the pathogenesis and clinical 
phj'siology of both the experimental and clinical disease. These concepts and 
methods in which they find their application form the subject of tliis review. 


ORIGIN OF EXPERIMENTAL HYPERTENSION 

Hyiiertension produced by compression of the renal arteries or of the renal 
parenchyma has been widely regarded as the result of renal isehcraia. In par- 
ticular, it is attributed to ischemia of functional renal tissue, since widel.v de- 
vitalized kidnej's do not function as sites of origin of experimental hj'pertcii- 
sion.® Measurements of renal blood flow in uninephrectomized dogs made hyper- 
tensive by compression of the renal arteiy have shown a decrease which averaged 
40 per cent and ranged from 18 to 63 per eent.^ Further, it has been widely 
observed that experimental hypertension is more severe and more often malig- 
nant when renal arterial occlusion is nearly complete.” 

Some doubt was cast on the belief that renal ischemia as such is the cause 
of experimental hypertension by the observation that urea clearance was some- 
times normal in experimentallj’’ h 3 'pertensivc animals,” since urea clearance in 
normal dogs parallels the rate of renal blood flow." The further observation t lat 
the renal clearances of phenol red, inulin, and creatinine were in some instances 
not altered during the induction or course of experimental hypertension a e 
weight to this doubt.® Indirect measurements of renal blood flow before an 
after compression of the renal artery in uninephrectomized dogs with smg e ex 
planted Iddne.vs have since shown that hj’pertension of moderate degiee maj )e 
induced without anj^ significant or lasting change in renal blood flow ( lar i 
while in some instances renal blood flow ma.v be reduced without the occunen 
of an increase in arterial pressure.® 

The apparent paradox that compression of the renal arteiy sufficient 

induce changes in the kichiej'' which lead to h.ypm’tension need not a uaj^^ ^ 

associated with renal ischemia demands an explanation that depen s up 

consideration of the mechanism of blood flow. Thus, it should be no e , 

ssure and of penpbeia 

irresponding increase 

pressure, no reduction of flow need occui’. In anj" case, a high degiee ofj^^ 
occlusion is necessary in order to reduce mean arterial pressiue an ) 
distal to the point of compression.^® It should also be obseme tia ’ ^ 

effect of arterial compression is a reduction of pulse pressiue ^ ^ ^■emain mi- 
of clamping, while mean arterial pressure and, therefore, bloo on , i 

changed. It follows from these principles that arterial ’ e distal 

Goldblatt clamp, will nearly alwaj’-s result in a decrease of pn se p 
to the clamp and, if the constriction is sufficiently mtense, vi ‘ 
with a decrease of mean pressure and blood flow. Howevei, ^ 
pressure proximal to the clamp is simultaneously increase ' ^ 
pression is not excessive, neither mean arterial pressure nor len 

be reduced by clamping. , , ischemia 

The view' that renal hypertension may occur in the abse 
is supported by the observation that mean renal arterial pressure m some 


rate of blood flow is the product of mcmi arterial pressure 
resistance. If, ivith increased resistance, there is a con 
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mentally hypertensive dogs is normal distal to the point of clamping.'^ It is at 
least nnlikely that renal blood flow would be affected by clamping when mean 
arterial pressure was not. Of interest also arc observations'- which demonstrate 
that, following clamping of the renal artery, there is a tendency for renal blood 
floiT, which initially had decreased, to return to, or toward, normal levels. 


A 
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A ^ i 

A A A A 
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A A 
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A 
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R««ol Blood Flow • cc.per sq. meter per minute 


.. , Ofiart 1. — Relation of mean femora! arterial pressure to total renal blood flowu In an 

unlnephrectomlzed doc before (Ai and after (A) application of a Goldblatt clamp to the main 

renal artery. The wide variations In blood Sow over a period of more than one year are ac- 
ted for by repeated adjustments of the decree of arterial constriction. Normal blood flow 
persisted durlnc moderate hypertension. 


If then, experimental renal hypertension may persist in the absence of renal 
ischemia, the decreased pulse pressure which follows clamping remains as a 
possible cause of the renal change that leads to hypertension. Experiments 
Wre, therefore, performed in which isolated dog’s kidneys were perfused with 
Mood under conditions which were as physiologic as possible. A clamp was 
gradually adjusted on the renal arteries to a point where pulse pressure was 
greatly reduced while renal blood flow was cither unaffected or slightly de- 
creased. Arterial pressure was then increased proximal to the compression so 
that both mean arterial pressure in the renal artery and renal blood flow- re- 
mained within normal limits. Under these circumstances, the perfused kidney 
liberated renin, the so-called renal pressor substance, into the renal venous 
Wood.” 

It appears, therefore, that renal ischemia is not the necessary cause of renal 
hypertension, and the suggestion is made that intrarenal reduction of pulse pres- 
sure may be the e.xoiting cause. However, it should he noted that those circum- 
stances which excite experimental renal hypertension, possibly by reduction of 
pulse pressure, also, when applied with sufficient intensity, result in reduction 
of renal blood flow, so that the level of renal blood flow in experimental hyper- 
tension depends upon a balance struck between increased arterial pressure and 
increased renal arterial resistance. 
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^ujiojciNE 

-«>■« ™.v >- .. *„ 

ateeace of pnhatilo fio,v opeedily bL^ , *'■“ m tl, 

oTrlL impcraicablo to md,,. ‘ V "f"' *“«“« >»“ 

” *■»'“ noaiaal reaal venom Hood a’* , «''*ncEd by tho absa.« 

ci-eaoeo renal oellpfer peraicability Jthat „ P"'" I»«>w »■ 

preaenee of re„i,. i„ „„al ve„„,°a on'*”?' 

H pulse pressure rather than blood Sow I I????' and man? 

of renin, it follows that renin must arise ' determinant in the iifaerafion 

pulse pressure, i.e, proximal to L 0.10^,^ T*" to a Ingh 

close relation to the afferent arteriole” area in 

afferent arterioles into larger ce Is w L/ dm 

as to the character and normal district; ^ disagreement exists 

some as of epithelioid natiiranra hv 

Lwisely ou the basis that these etlls are Wo ’o S'* 

numerous in experimental and elinie'ol "“<j ‘>»lr gramita moit 

it has been suggested that this “in + f ^ssoanied with hypertension,’''’® 
aPe of renin formation ’» AUho; If "rf die 

IS entirely circumstantial it f ? f , " this vimv 

cells in the kidney is svmh tiff ’ thnt the position of these 
which occur in the afferent artk'iolef exposed to the extremes of pressure 


kensvIs pressor system 

renin somehoM' leaTsf o If m- disenssion tiiat the liberation of 

clinical hypertension TH’ ^ ’^daaent of exjieriinental and, possibly, of 
exxamined association of renin to hypertension must now he 

first observed in ISOS^^'v pressor substance in renal cortex, was 

firmed and extender] Im-o. aspects of the original study have been con- 

renal hypertension 'hfpff 1 as an aspect of the recent renewal of interest h 
since crude extracts of i 'f * puidfication of renin have been described, ='•*’ 
Itwas oWef f contaminated by depressor suhstanees. 

vessels of isolated org^nf df’s f n f ”” 

tion,”^ while the addition of blood ’ ® with Binger ’s solii- 

in Ringer's solnfiAi blood, plasma, or pseudoglobulins of plasma to renin 

fc p“s„gSS rri'i: K wus?.« .i,ri 

activator. The activation of ® substance tentatively connoted renin 

of renin and renin aetivaj- hiteradm 

angiotonin.^” Angiotoliin , nl ' ''' ?’^««d,ant liberation of a third snbstaiiec, 

It is thermostabile and diahilhl^ 

Repeated injeetions of renin into normal animals result in a loss of ptessor 
responsiveness (tachyphylaxis) tvhieb, in part, is due to a loss of activator b.v 
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combination with the injected renin. However, restoration of activator bj' trans- 
fusion or injection of activator concentrates does not fully restore the pressor 
action of renin. Eepeated injection of angiotonin causes loss of responsiveness 
also, but this taehyph.vla.xis does not develop as rapidlj- as that due to injection 
of renin and plasma transfusion, and injection of activator does not affect it. 
Bilaterally nephrcctomized animals arc sensitized to the pressor action of renin 
iiiid angiotonin and do not develop tachyphyla-\is to angiotonin and only slowly 
to fenin. Angiotonin taeh.vph.vlaxis and the residual inhibition of the pressor 
action of renin after restoration of activator, therefore, seemed to be due to the 
liberation of an angiotonin inhibitor from the kidneys.^" 

Harrison, Grollman, and IVilliams,-' and one of us and co-workers'® have 
been successful in attempts to extract such air inhibitor or antipressor substance 
from the kidneys. The evidence at present .available indicates that wo are dealing 
with the same active i)rineii)le as that reported shortly before by Harrison, Groll- 
man, and lYilliams. Our work was based on different reasoning and was done 
independently. The two groups arc now collaborating toward a further solution 
of the problem. The in vitro activity of such extracts on angiotonin (hyper- 
tensine) has recently been reported.'” 

To summarize, the pre.ssor s.vstcm maj’ be considered as originating in renin 
which, when released into the blood, combines with renin activator to yield angio- 
tonin. Angiotonin acts as the effective vasoconstrictor and pressor agent. Op- 
posing or balancing the action of angiotonin, the kidney contains a substance 
which acts as an inhibitor of the action of angiotonin. The relation of this 
pressor system to experimental and clinical hyjrcrtcnsion is suggested by the 
following observations ; (a) renin is present in the renal venous blood of hyper- 
tensive but not of.iiormal animals; (b) the blood of hypertensive animals and 
human beings has propertieir which suggest that it contains loss angiotonin in- 
hibitor than, normal blood; (c) nephrcctomized and, possibl.v, hypertensive, 
animals are more sensitive to the i)re.ssor .action of angiotonin than are normal 
animals; (d) the peripheral blood of hypertensive animals and human beings 
contains a vasoconstrictor which, like angiotonin, is potentiated in the presence 
of blood from nephrcctomized anim.als””; (c) as will be discussed below, the 
nature of the pressor action of angiotonin is not inconsistent with that of a 
substance which might participate in the genesis of hypertension. 

Independent and almost simultaneous confirmation of this concept of the 
humoral pressor sy.stcm in hypertension is given by the findings of Braun- 
Ilencndcz, Fasciolo, Leloir, Munoz, Tacpiini, and Houssay, of Buenos Aires.”’ 
These workers hiive also shown that a pressor substance, apparently renin, is 
liberated from ischemic kidne.vs and, proceeding from the observation that 
renin is not in itself vasoactive,”’” have shown that it interacts with a pseudo- 
Rlobulin, renin activator (called by them hjTertensinogen), with liberation of 
un effector substance, similar in physiologic properties to angiotonin, to which 
they refer as hypertensine. The chemical similarity or identity of angiotonin 

hypertensine remains to be established. Indirect evidence has led them to 
the conclusion that there exists in normal kidne.vs an angiotonin inhibitor, called 
hi them hypertensinase, since it is ‘their view that it may' act by enzymatic 
fetruction of hypertensine (angiotonin). 
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Other pressor substances have been described as originating in the kidnev 
Thus, “perfusin’’ which, unlike renin and angiotonin, is potentiated by cocaine 
has been obtained by perfusion of the kidneys of normal hogs and dogs with 
Kinger’s solution.®^ A substance, whose properties are not unlike those of renin, 
is found in the renal venous blood of completely ischemic kidneys and has been 
provisionally called ischemin.^^'^ It now appears that this substance is renin 
Also interesting in this connection is the observation that isolated ischeraie kid- 
neys or anaerobic kidney tissue hi vitro , as well as completely and partially 
ischemic kidneys in vivo,^*'^ form a pressor substance, apparently hydroxy- 
tju’amine, from “dopa” (dihydroxyphenjdalanine). This substance, like “per- 
fusin, ” is potentiated by cocaine and may be similar to the pressor sab- 
stance formed during the anaerobic incubation of kidney tissue.®^ These ob- 
servations are of particular interest in view of the reported activity of tji'osinase 
in restoring to normal increased arterial pressure in hypertensive rats and dogs,’' 
It should, however, be observed that formation of apparent hydroxytyramine is 
largely restricted to conditions of anaerobiosis and extreme oxygen ivant, 
whereas the oxygen content of renal venous blood in hypertensive dogs, even 
in the presence of moderate renal ischemia, is within normal limits.'*’ ” It is 
doubtful whether anaerobic conditions could prevail in kidneys while the 
oxygen content of the blood remains unchanged. 

RENAL FUNCTION IN HYPERTENSION 

The supposed integrity of the kidney in hypertension was based largely on the 
absence of proteinuria and hyposthenuria and on the normal urea clearance of 
many hypertensives, since it was assumed that an abnormality of renal function 
would be revealed in one or the other of these tests. Unfortunately, hjpos- 
thennria, when present in mild degree, may not manifest itself unless efforts aic 
made to obtain rrrine of maximum specific gravity, as in the Addis concentra 
tion test, and, when such efforts are made, it can be shoxvn that the majoiitj o 
hypertensives whose urea clearance is normal show definite impairment o le 
maximum ability to concenti'ate urine (Chart 2). More recently de\eope 
methods of study of renal function have shown that even in early cases o 
hypertension there is evidence of some degree of renal ischemia, apparent} or 
to constriction of the glomerular efferent arterioles. These metho 
termination of the clearances of diodrast, phenol red, and inulin, an ® ^ 

maximum ability of the kidneys to secrete diodrast and reabsorb glucos^ a 
been developed and widely applied by Smith, Shannon, Goldring, sas., 
Ranges, and their co-workers.^®’®’ 

Briefly, inulin is excreted only by glomerular filtration. Its 
(volume of plasma equivalent to the amount of inulin which appears in le i 
each minute) is, therefore, equal to the volume of glomerular fi tia e 
each minute. Diodrast, on the other hand, is excreted largely by tn u 
tion, i.e., by transfer of diodrast from the plasma of the peritubu ar capi 
across the cells of the proximal convoluted tubules into the tubu e 
removal of diodrast from blood in the kidney is nearly complete a 
concentrations of diodrast, i.e., when diodrast is excreted at less t 
rate. If renal diodrast load is large, so that more is present in the j 
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can lie transfcvred by its cells, the removal of diodrast from blood then becomes 
less complete, since excretion is already at a maximum. However, since at low 
diodrast loads extraction approaches completion (SO to 90 per cent), it follows 
that diodrast clearance at such loads is nearly equivalent to renal plasma flow, 
or, at least, to the rate of flow of plasma to functioning tubular areas (effective 
renal plasma flow). It may be assumed that the proportion of diodrast left in 
the renal blood at low renal loads (10 to 15 per cent of that present in arterial 



Chart 2.— nelatJ'oh of urea clearance and nuaximum urinary speciOc gravity In 72 eases 
of essential hypertension. Abscissa (urlnao' specific gravity by Addis test) and ordinate (urea 
are plotted logarithmicaUv. Maximum urinary specific gravity is within normal 
limits in only 22 instances, while normal values of urea clearance were observed in 50 patients. 


blood) represents that volume of total renal blood flow which traverses support- 
ing and nonexcreting renal tissues. A small proportion of the urinary diodrast 
is obtained from the red blood cells, so that it is inaccurate to assume that uri- 
nary diodrast is wholly derived from plasma. For practical purposes, since the 
proportion of diodrast added from the red blood cells is equivalent only to from 
10 to 15 per cent of the diodrast excreted, it may he assumed that apparent 
plasma diodrast clearance is nearly equivalent to total renal plasma flow.^®- 
It follows that renal blood flow may be calculated from plasma diodrast clear- 
Jinee if the fraction of plasma present in the blood (1-hematoerit index) is Imown. 
^'ormal levels of diodrast clearance, renal blood flow, imilin clearance, and 
ability to excrete diodrast in man have been established.^® 

I'benol red is excreted by a mechanism similar to that of diodrast, but, ap- 
parently, less efficient, since only about 50 per cent of the phenol red is removed 
from the blood." Phenol red clearance is, therefore, equivalent to roughly 50 
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per cent of renal plasma flow, and, in man, to about 56 per cent of plasma 
diodrast clearance, viz., rouglil.y 375 c.c. per minute per 1.73 .square metera of 
body surface. 


Simultaneous measurement of inulin and diodrast clearances yield ralaes- 
equivalent, respectively, to tlic rate of glomerular filtration, i.e., the volume of 
water removed from the plasma by filtration; and to the volume of plasma from 
which the filtrate was formed. Increased intraglomerular pressure increases 
the proportion of water squeezed from the plasma through tlie glomerular 

capillaries, and thus increases tlie ratio of - 4^ 2- ™ ... clearance (filtration frac- 

diodrast 

tion). This ratio, which represents the fraction of plasma water filtered, is, 
therefore, a measure of changes of intraglomernlar pressure. In hypertension, 
diodrast clearance, i.e., renal pla.sma flow, is nsnally decreased below normal 
levels, while inulin clearance is maintained. The normal level of inulin clearance 
depends npon increased intraglomernlar pressure. The increased intra- 
glomerular pressure of hyirertension is due neither to tlie high level of systemic 
arterial pressure nor to their dilatation of the afferent arteriole, since either of 
these changes would of themselves increase renal blood flow, which, in hyper- 
tension, is decreased. It follows that both the decreased renal plasma flow and 
the maintenance of filtration rate in hy])crtension are the result of constriction, 
predominantly of the glomerular efferent arterioles.^' 


The increased filtration fraction of hypertensives maintains glomerular 
filtration within normal limits long after there has occurred a marked decrease 
in renal blood floAv, and thus explains the maintenance of normal urea clearance 
until late in hypertension, since urea is also excreted by glomerular filtration. 
This fact also may explain the observation that concentrating power usually fails 
before urea clearance decreases, since the concentration of nx'ine depends upon 
the capacity of tire renal cells to Avork, and it may Avell be tliat the ischemic cels 
of hypertensives are unable to Avork efficiently. Tlie maintenance of glomeudai 
filtration also imiilies that recourse to measurement of tlie blood leAmls or c eai 
anees of the other substances excreted by filtration (nonprotein nitrogen .mea 
nitrogen ratio, sucrose, creatinine, xylose clearances) Avill be of no moie Aauc 
than determination of urea clearance. The normal urea clearance in 
tension is not an expression of functional renal integrity, since it is iisna } 
associated Avith renal iseliemia, but, on tlic contrary, is nsnally evidence o rena^ 
vasoconstriction, Avhich maj^ be intense. For example, an increase o ’ 
fraction from 0.20, a normal level, to 0.30, a value not infrequent in 
hypertension, is enough to maintain urea clearance at 100 per ^10 "to an 

a time Avhen renal blood floAV lias fallen from a normal Ica'cI 0 , 

ischemic level of 600 c.c. per minute. 

Technically, the measurement of the simultaneous cleaiances of ^ 

-and inulin is not difficult, although it is necessarily more 

It is our vicAV that the 

Briefly, diodrast 


routine determination of urea clearances. 

of these determinations outAveigh tlie difficulties of technique. _ 
and inulin in sterile 0.9 per cent sodium chloride solution «« 

Intravenous infusion after the more rapid injection of a concen ^ 

When it is believed that the plasma levels of diodiast 


intravenous 
dose of the mixture 
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iiralin have reached a satisfactory level, which will he maintained by the in- 
fusion, the patient is eatheterized, the bladder is rinsed out with sterile saline, 
and the urine and washings arc rejected. A sample of Idood is then obtained, 
and the bladder is again washed and urine is collected in about twenty minutes, 
h'rinc and wasliings are combined, and the time washing is completed is noted 
.TS the end of the first clearance period. Subsequent periods are collected in 
the same manner, although, with a constant infusion, sampling of blood is 
necessary only in every other period. Wc have adopted the routine collection of 
three urine specimens and two blood samples, and find this satisfactory unless 
unusual difficulty is noted in the collection of urine, in whicli case further col- 
Mions aro made. The necessity of inliavenotis infusion may he avoided hy 
subeutaneous injection of a concentrated solution of diodrast, inulin, and novo- 
cain," and the subsequent determination of clearance is made during a fall 
in plasma concentrations of diodrast and inulin, so that blood samples should 
he obtained in each period. Clearance is calculated as UV/P, where U equals 
mine concentration in milligrams per 100 c.c. anil V is the volume of mixed 
urine and washings in cubic centimeters per minute, while P is the mean plasma 
concentration during the clearance period expressed in milligrams per 100 c.e. 
The value of P is obtained hy interpolation from observed values to a point in 
each period approximately one minute before the midpoint of each period, thus 
allowing a delay time of one minute for the passage of urine down the renal 
tubules and ureters. Methods of diodrast analysis have been described by Smith, 
Goldring, and Chasis," and by White and Rolf.*' Methods of inulin analysis 
in present use ate those of Alving, Rubin, and Miller,** and of Corcoran and Page.*' 
We are at present using a slight modification of the method of AVhite and Rolf 
for diodrast analysis. 


The simultaneous measurement of diodrast and inulin clearance may bo 
extended to the measuromout of the maximum capacity of the kidney to secrete 
diodrast. Whereas efforts arc made in the determination of renal plasma flow to 
maintain renal diodrast load (renal i)la.sma flow x pla.sma diodrast concentration) 
at levels such that the capacity of the kidney to transfer diodrast is not taxed 
and the removal of diodrast from blood is thus kept at a maximum, the de- 
termination of maximum capacity to secrete diodrast demands that the diodrast 
load be sufficient, so that secretory capacity of the kidney is overtaxed. Under 
such conditions, the diodrast excreted by the kidney by secretion (diodrast pres- 
ent in urine — diodrast excreted by fillratiou) reaches a constant level, which 
u expressed in milligrams per minute. The value expresses the maximum 
rapaeity of the diodrast transfer mechanism and, since the mechanism of trans- 
fe depends upon activity of the tubule cells, it follows that the maximum 
iliodrast secretion rate is an expression of the mass of functioning tubular tissue. 
This value has been denominated Tmn (tubular mass, diodrast). Clearly, in- 
krpretation of the absolute levels of diodrast and inulin clearances witli refer- 


'■ncas to Tmn is a more accurate expression of the status of renal hemodynamics 
•hsn is their reference to average nomal values, since thus stated, the value 

(w jrast cleara nce. . - x i c r i a 

is an expression of cubic centimeters of plasma flow per 

“nd of tubular tissue. Errors of interpretation due to differences in kidney size 
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in people of similar surface area are, therefore, excluded. Hypertensives, whose 
diodrast clearance may lie normal with reference to surface area, may by this 
means be shown to have a decreased blood flow in culiic centimeters per unit of 
tubular tissue,^- i.e., with reference to renal mass. 



Application of these methods to the study of renal function is slim 
Charts 3 and 4. Chart 3, which illustrates the effect of angiotonm on ^ 
circulation, also demonstrates the similarity of the functional chanoe 
angiotonin to that wliich is present in hypertension. In.ieetion of 
human beings increases arterial pressure and greatly decreases lena ^ , .pgj.. 
but decreases only slightly the rate of glomerular filtration, because, as m 
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tension, there occurs increased extraction of wafer from the glomerular plasma 
(increased filtration fraction). “ Angiotonin, therefore, constricts the glomeru- 
lar arterioles. Its renal action is such that it may he the pressor substance of 
hypertension. In this connection, it should be noted that the renal ischemia 


Malignant Hgpertension : of Peno/ Extrocfi 



Chart 4 . — ^Action of renal extracts on renal hemodynamics and arterial pressure in malig- 
.?n>ertension. Numerals on abscissa refer to days in each series of intramuscular in- 
1 -n.uons or renal extracts, while ordinates are referred to a\eragc normal values. 

of hypertension, if due to angiotonin, is more probably a result of the action of 
the vasopressor system than a cause of the condition. A similar, apparently 
secondary-, renal hemodynamic abnormality is present in the diastolic hyper- 
fension associated with coarctation of the aorta.” A further similarity- of 
engiotonin to the possible pressor agent of hypertension, and one which ex- 
cludes adrenin and pituitrin, is the fact that angiotonin exerts its pressor action 
"Tthout causing pallor or a decrease of skin temperature.®" This is also true 
cf renin.u. si Others have shown that the acute pressor action of angiotonin is 
^ociated with greatly- increased peripheral resistance and with decreased 
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cardiac output"’^ and increased venons pressnre, '^ the latter possilhy the result 
of the heart’s emptying against great resistance. Angiotoniii also increases the 
force of the heartbeat'’' ‘ and cardiac work and efficiency, hut it decreases diastolic 
cardiac Amlnme.^' It is interesting to speculate as to Avhether or not angiotonin 
would decrease cardiac output in the ease of the hypertrophied heart of a long- 
standing hypertensWc person. 

Studies of normal renal hemodynamics by the clearances of diodrast and 
inulin have shown an apparent autonomy of I'cnal circulation, which is largely 
exercised by variations in caliber of the efferent arterioles.‘’“ The normal tend- 
ency of the antonomous renal circulation is to respond to variations of systemic 
l)lood pressure and supply by changes of efferent arteriolar tone which maintain 
filtration rate near its normal level, at the same time varying the rate of renal 
blood flow. Since, as has been noted, renin may be liberated in response to pres- 
sure changes in the afferent arteriole, it is not illogical to assume that the lenal 
vasojrressor system may' have a normal function in the autonomy of renal 
tion, and hypertension may bo an abnormal release of this mechanism, e eo^ 
logically, it is difficult to imagine a function of this system in the mamtenance 
of normal arterial pressure, since the normal blood pressure level is not a ec c 
by bilateral nephrectomy. 

Diodrast and inuliir clearances have also been used in the study of the lena 
changes that result from the treatment of patients suffering from lypei 
with renal extracts containing the renal antijrressor, or with other apn s.^ 
decreased arterial pressure folloAving sympathectomy in hypeitension, 
the therapeutic use of thiocyanate,'^® is not usually associated AHt i e un d 

of the efferent arteriolar constriction, and it may be assume loni n 
neither sympathectomy nor thiocyanate reverses the process tha ea s 
creased arterial pressure and renal vasoconstriction. ^ 

The action of renal antipressor extracts, on the contrary, is 
a concurrent decrease of arterial pressure and evidence of effeien ai e 
laxation, an observation that adds to the evidence which sugoCS s ^ 
extracts in fact inhibit the action of angiotonin and the renal vasopres 
in hy'pertension®® (Chart 4 ). The extent to rvhich renal boo ow . 
by' renal vasodilatation depends upon the balance between lena rasoc 
vasosclerosis, and arterial pressirrc, so that it is not greatly increase 
vasodilatation is associated rvith decreased arterial pressure. 

The measrrremcnt of diodrast, phenol red, and inuliir clearanc 
y'ieldcd interesting informatioir as to the renal fuirctiona piese 

pre-eclamptic arrd eclamptic toxemia of pregirancy.®^ The -g gPown in 

chairges in two patierrts with eclampsia before and after c e n ^ ^i^gj-ease 
Chart 5 . Briefly, pre-eclampsia and eclampsia rvere clraracteriMC ^ gjojneru- 
of filtration fraction, which seems to be arr expressioir of srr e 10^ 0 
lar capillaries, since it is not usually associated rvith dcci eascc 
Other patierrts suffering from “toxemia of pregnancy” s low an n 
tion fraction and a decreased renal blood flow'. It is belicr e essential 

the rerral chairges are arr expression of a process identica wi 
hypertension. 
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It will be noted that the afferent arteriole has been largely neglected in the 
foregoing discussion, in which emphasis is placed on constriction of efferent 
arteriole in hypertension. Structural, as opposed to functional, studies of the 
kidney in early liypertensiou have shown that the characteristic lesion is not 
situated in the efferent arteriole, hut that it consists of hyalinization and sclerosis 



Chart 5. — ^Benal hnnodynamic^? and artciial inessuie m “toxemia of pie&nancy” The 
y^werals on abscissa refer to the ilaj- of obscivation in niimber of days ante (A) or postpartum 
)■ These cases ^'ere referred to elsewhere^* ns patients No. Al. A2, B4, and B3. 


ef the afferent, arteriole. Afferent arteriolar sclerosis may, in fact, be widc- 
sptead ,Tt a time when there is little evidence of abnormal artcriolosclerosis clse- 
"'herc in the body.®'^ A possible explanation of this curious opposition of .struc- 
tural and functional changes may be obtained from consideration of va.soselerosis 
it occurs in experimental renal hypertension. In this condition, the kidney 
’s exposed^ as arc other organs, to the vasoconstrictor, apparently angiotonin 
°r a similar substance, rvhich is present in systemic blood, while it is at tlic 
lime protected from tlic inereaso of arterial pressitre by the restriction of 
a clamp on the renal artery or a scar around the parenchyma. Tiie kidneys of 
®''ch animals rarely show evidences of sclerosis or of arteriolonecro.sis in malig- 
aant liypertensiou, although these changes are widespread in other organs® and 
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may be present in the contralateral “normal kidney. The vascular degenera- 
tive changes are, therefore, apparently due in part to the increase of systemic 
arterial pressure and not alone to the presence of vasoconstriction. It is, there- 
fore, altogether fitting that sclerosis should occur in the afferent (high pressure) 
arteriole at a time when it is absent in the efferent (low pressure) arteriole of 
the kidney. 

The early afferent arteriolar sclerosis of hypertension has at the same time 
a significance other than that of a simple result of the action of increased arterial 
pressure, for, if it were present from other causes before the onset of hypertension, 
it would act effectively as would “myriads of little clamps.”" Evidence of such 
a change prior to the onset of hypertension is unavailable, although the mde 
distribution of renal sclerosis in early hypertension is at least suggestive. 

The final origin of hypertension remains obscure, for the demonstratwn of 
the part played by the renal pressor system clarifies some aspects of its etiology 
but, at the same time, poses new problems. 
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INTimi>tHTION' 

E xact eapiliavoseopio invcstigiitioiis aiul fmictiiiiiiil tests in cases of Kay- 
natid'a disease in general, as well as in those stiuUed before and after com- 
plete elimination of synipatlietie innervation, promise to yield significant data 
as to the role of the autonomic influences on the capillary. The relation.ship to 
the neuroses which have found their .symptomatic cxpre,ssion in this part of the 
circulatory system may also he elucidated. 

This study is an investigation of the constitutional capillary disturbances, 
the functional processes in the eapilhirics and the capillary permeability in 
cases of Raynaud’s disease. These factors were studied both before and after 
preganglionic sympathectomy. 

It is impossible to discuss the work of the many out.stainling investigators 
who have been interested in these problems from the physiologic and psj- 
chologic viewpoints.'"'' “ Hay"'"''! himself suggested that 

emotional stress can precipitate an angiospastic attack.-’ In recent years the 
most extensive survey of the various concepts of Raynaud phenomena has been 
published by Hunt" who states that in 50 per cent of the eases of Raynaud s 
disease the attacks are precipitated b.v emotional factors (suiprise, atioUe, 
etc.). He denies, however, any relation.ship between this illness and the psy- 
choneurose.s. That psychic stimuli may cause attacks is a point aho stiessec j 
Simpson, Brown, and Adson,“ and by White." Recently, hhttelmaun ant 
Wolff" discussed the interplay between affective and physical environmentol 
influenees in a ease of Raynaud’s disea.se in whieb they could show the sig- 
ailie.'uice of emotional factors in the precipitation of the attacks. 

Mueller and Parisius” were among the first to call attention to the relations 
of capillary disorders to the neuroses. They found ‘ ‘ imbalance, disharmony , aiu 
<*)’sergia in the psychic as well as in the organic sphere” to be cliaractenslie tor 
vasoneuroses in general. These features are manifested in the oim anc 
function of the capillaries. According to these authors, a very frequent char- 
arferistic of the vasoneuroses is the “spastic-atonic symptom complex,’ 'vaj- 
iieurotio diathesis,” that is, not only prolonged widening and narrowing of the 
JPjfcy Inmina, but also, either simultaiiconsly or in quick alternation, dilata- 
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tion and constriction. In all the more severe vasoneuroses the flow is extremelv 
changeable and irregidar. At times the stream flows quietly and evenly, then 
very quickly; at times it is sluggish and “granular,’' then it ceases completely 
for a brief interval. Often these various phenomena can be seen simultaneously 
in different capillary loops in the same microscopic field. Often a continuous 
capillary^ flow becomes granular. The “granular flow,” in addition, may begin 
in the arterial as well as the venous limb. At times even spontaneous refluxes 
from the venous to the arterial limb are found, a phenomenon previously thought 
to be seen onlj^ in marked congestive failure. 

In the majority' of vasoneurotics Mueller and Parisius found an increased 
number of somewhat congested papillary' capillaries and more vessels in the suh- 


papillary' plexus. (They' examined the skin of the interclavicular groove.) In a 
small number of cases no abnormal overfilling of the vessels was seen ; on the 
other hand, often no capillaries at all were visible. The size of the capillaries 


also deviates from the norm. Frequently' there are long and thin loops, at times 
very short, thick, irregularly' distributed loops. The most striking, and indeed 
the most pathognomonic, capillary' form which is found in vasoneurotics is the 
irregular rete mirabile. At the nailfold the loops are not quite parallel; rather, 
they' converge or diverge in an indefinite fashion. As a rule, the arterial limh is 
very' narrow, the venous rather wide and irregular ; a variable number of anas- 
tomoses connect the individual loops. Finally', the subpapillaiy plexus is usuallj 
visible and shows very' wide vessels. Besides the characteristics mentioned abo\e, 
according to Slueller and Parisius, there is also a functional disturbance in the 
permeability of the capiUaiy walls w’liich can be seen microscopically in the more 
severe forms of the vasoneuroses, is the hemorrhagic diapedesis, occurring eit ler 
spontaneously or after slight mechanical trauma. The above capillaiy picture, 
as defined by' klueller and Parisius, was later confirmed by many otiier aut ions. 


JIATERIAL 

From the eapillaroscopic investigations of a series of cases^ presentiUo 
pathologic conditions, 42 patients, 29 of whom had Eaymaud’s disease, vreie 
selected for the purposes of this study'. The other 13 patients were inc i 
either for purposes of comparison because of the similarity' of the symp 
picture, as, for example, Buerger’s disease, or because, for one reason oi 
other, a sympathectomy' was pex-formed and they, therefore, seemec o e 
particular interest. . 

Forty-two hands of nonoperated patients were examined. Forty-six lan^^ 
were of patients who had had a sympathectomy at the time of examina loi 
of these had also been seen before operation. Frequently the same 
examined several times, particularly' if an operation had been per 
order to be able to observe the capillai'y changes at various times postopera 

METHOD 

Before the eapillaroscopic examination was performed, the follouinc cli^' 
data were obtained .- The body' habitus and its deviation from the stan au 
was noted. The color, pigmentation, approximate temperature, degiee ° 
ture or dryness, fat content and separability' of the skin from the su cu < 
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tissue were indicated. The sldn was tested for dermographism. The \’asomotor 
instability was eheolced by the absolute pulse rate and bj' the respiratory arrhyth- 
mia during inspiration and inspiratory apnea (Valsalva test). The systolic 
and diastolic pressures and their response to pressure on the carotid sinus were 
recorded. 

CAPILLAROSCOPY 

A Zeiss capillaroscope wifir a 60x objective and a lOx eyepiece was used. 
Since the small lamp within the tube docs not offer adequate elimination, a 
special lighting apparatus for this purpose was attached. A special attachment 
permitting simultaneous observation and photography was inserted. 

The morphologj' of the capillaries was described, with particular reference 
to developmental disturbance (archieapillaries, subpapillaiy plexus).'® The 
corium was described as being well scalloped, not well scalloped or straight. 

The number of capillaries per field in the first row was counted. 

The length and width of the capillaries and changes in their appearance 
were noted. 

The flow in the capillaries was described as granular or uniform, slow or 
fast, intermittent or continuous, and the appearance of "gaps” and periods of 
stasis were noted. 

In addition, the following tests were done in order to gain better insight 
into the functional responses ; The flow in the capillaries was studied after oc- 
cluding the arterial and venous flow by the use of a blood pressure cuff quieldy 
pumped up to 30 mm. above systolic blood pressure. The "reflux time,”®' the 
eventual reversal in flow from the venous side to the arterial and any other 
changes appearing in this e.xperiment were noted, with particular attention to 
the widening, narrowing, or disappearance of capillaries. 

Finally, by slowly reducing the pressure in the spiiygmomaiiometer euif 
(about 10 mm. per 2 seconds), the height of the pressure at which the capillary 
flow reappeared was determined. This value we termed “critical capillary pres- 
sure.” 

A phenomenon to which special attention was paid was the occasional ap- 
pearance of a light-refracting, collagenous tissue fluid which exuded from the 
laige capillaries and obscured them. This was seen spontaneously as well as in 
the tests for reflux time. As will be explained later, this may be regarded as di- 
rect expression of increased capillary permeability. 

With a special photographic apparatus, a scries of colored Aims was taken 
which recorded the capillaries themselves in addition to the shading of the sur- 
rounding tissue. However, more distinct pictures were obtained by placing a 
Sreen filter in front of the light, and the black and white photograph with pan- 
ohromatie Agfa or Kodak film combined the advantage of a clear, sharp picture. 
With facility in making any desired enlargement. 

When it was of no particular importance to record the width of the eapil- 
'ories, but of more importance to obtain the general outline, a slight congestion 
the capillaries, produced by the blood pressure cuff (50 to 60 mm.) was shown 
^0 be most advantageous in obtaining clear pictures. Of course, such plioto- 
Pwpli,s, taken in a congested state, cannot be used for the determination of the 
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actual ividtli of the capillaries; on the other hand, if anastomoses to the vessels 
of the subpapillary plexus are visible mici'oscopieally, these become much clearer 
and are then more easily photographed. 

An attempt on the part of different observers to draw the picture the same 
size as seen in the microscope will give varied results and will lead to pictures of 
very different dimensions. Keeping in mind-Krogh’s criticisnd'' of the existing • 
capillary pictures in the literature and the lack of data on the degi'ce of mag- 
nification, we used the following method in our study : We set up a counting 
chamber for red blood cells under the microscope and photographed it;thusive 
had a sharply delineated scale for all sharply focused capillaries. Our original 
photographs were thus magnified 18x. 

By means of the picture of the counting chamber it was not difficult to pre- 
pare enlargements g'iving a definite magilifieation of the actual size of the object. 
We merely had to place a scale on the projection surface of the enlargement 
apparatus and arrange it in such a wmy that, for example, the intermediate space 
of the counting chamber which is %o long, appeared exactly 2 cm. long, in 
order to obtain a 400x enlargement. 

By this method errors in the determination of the size of the microscopic 
piicture can be avoided. Brown® made such errors ; he later had to correct his 
measurements because of incorrect calculation of the scale. Similarly, the photo- 
graphs of Duiyee and Wright“ are incorrectly computed. In their 
photographs are reproduced with the statement that the enlargement is li 
times on the original film” and "the enlargements shown are about foui tunes 
the size of the original film.” That means then that the picture reproducec vas 
enlarged 176 x 4 or 704x. In oi’der to check their data we measured the aigcs 
capillarj^ loop in their picture ; it was 5 cm. long. In reality it would t leu e 
50/704, or 0.071 mm. long. This would be only lOx as large as the aveiagcre 
blood cell. There must, therefore, be a mistake in their calculation. 

REFLUX TIME AND CRITICAL CARILLARY PRESSURE 

* 

The method used is to encii’cle the upper arm with a blood 
which is quickly pumjied up to 30 mm. above s.ystolic blood pressiue. le 
required for the blood in the capillarj^ under, observation to stop floniUo 
"reflux time,” which under normal conditions averages fifteen secoucs. 
found a lower value in normal persons. We must go well above systo ic pr 
to be sure the arterial flow is completely shut off. It is important to wai ^s ^ 
minutes before the test is repeated, because this length of time is neeess 
fore the venous congestion completely disappears. , 

When the compression is released, the capillary flow 
persons at a pre.ssure between 10 and 25 mm. below the systolic b ooc ^p^ gjjQyc 
This we have termed the "critical capillary pressure.” A leappeaia 
or below these limits must be considered pathologic. 

NORMAL CAPILLARY PICTURES IN ADUI-TS ^ 

By means of capillaroseopy one sees the following pictiue at the 
normal adults; The boundary between the cutis and corium is ue 
The capillaries of tlie fir.st row (limbus capillaries) are, foi t le mos 
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pill-like; some slioiv loops or flgure-of-eigrlit forms. Tliey are u.siially parallel. 
The arterial limb i.s narrower tliair the venous and allows blood eorpuseles to 
pass through only one by one. Aceordin<j to Jtuellery" the patent width of the 
lumen is 0.0D9 to 0.012 niin. The vCnons limb is wider and allows two or more 
blood cells in a row to pa.ss tliroiigli. The width of the lumen, according to 
Krogii,’” is 0.02 mm. 

. The height of the ca])illaries, that i.s, the straight line between the foot of the 
capiliaiy, where it i.s ju.st visible, to the convexity of the ai'teriovenous tz-ausi- 
tioaal loop is about 0.2 to 0.4 mni. The distance of the eapillai-ies from one an- 
other is approximately uniform. The number of capillaries in the first row is 
about 7 to 10 per millimeter. The distance of the lieads of tlic capillaries from 
file corimii is about 0.1 to 0.3 mm. The eonnection hetween these capillaries and 
deeper vessels is normal ly not vi.sible. 

Behind tlie above-deseidbed I'ow of capillaries, wliicli is just adjacent to the 
coriuiu, there is usually a second, and oflen a third, row of shorter, but otlier- 
ivise similai'ly formed capinaries. In the deeper layers no arrangement in rows 
can be made out, but one sees ratlier chessboard-like patterns or scattered, short 
loops wliicli repre.sent the capillary heads. 

Normally the subpapillary plo.xiis is invisible. 

The above-mentioned loops and figure-of-cigbt forms, if present in the 
minority, are considered normal; so. too, are sliglit deviations from the vezy 
regular structure, .such a.s slight variations in the length of the eapillarie.s or a 
slight!}’ unequal spacing. 

The flow iu normal capillaries is usually smooth and even and of moderate 
speed, but a “gi’anular" t}-pe of stream is sometimes seen and oecasioiiitlly 
isolated capillaries seem to disappear Actually this is due to the fact tliat they 
.contain no blood corpuscles, since it is only tliesc that are vi.sible and not the 
capillar}' itself. At other times the circulation in isolated capillaries ceases en- 
tirely for a brief period of time. Both of tliese phenomena arc to he considered 
nonnal, 

CAPILLAnv PlCTUnc IN UAVNAUn's DI.SCASE 


Tile appearance and behavior of the cajiillaries iu Kaynaiid's disease depend 
on the severity of tlie disease and are different in the different color stages of the 
extremities. In order to have comparable observations one must always pcrfoimi 
the examinations in a warm room at a standard temperature. In this warm 
room the capillaries observed at the nailfold of a patient sliowed the same pic- 
ture, even on dift’ei’cut da.vs, as long as no operation was performed. 

The typical picture in a severe case of Raynaud’s disease (in a warm room) 
IS the following : Most of the capillaries are enlarged. Tlie presence of giant 
oopillaries with a width of 5 to 8 red blood ceil diameters or moi-e is stz-iking. 
Tlie space between the tevo limbs of such a g-iant capillary is about 10 red blood 
eell diameters. Its shape may he ringlike or hairpin-like or irregular and tortu- 
ous. The flow in the capillaries is slow and sluggish, and often prolonged periods 
ut stasis are observed. In some eases blood e.xti-avasates and thromboses are 
found. Vety often there are very narrow, tliin capillaries between the enlarged, 
&iant ones. 
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In severe eases wbicli are combined with sclerodermic changes, all the above- 
mentioned findings may be present, and in addition, the nnmber of capillaries 
is smaller. The picture is very often hazy and the flow is barely visible; the 
stream, if visible, is very sluggish. In the reHeeted light the tissue has a brighter 
color than in other cases, probably due to the increased collagenous fibers. In 
addition, the excretory duets of the sweat glands are often visibly enlarged and 
dilated, and the escape of drops of sweat may be seen. Since we observed this 
phenomenon in several cases, it may be evidence that there is a livperfnnetion 
of the sympathieus in Raynaud’s disease. This confirms Raynaud’s original 
concept^® that one of the mechanisms of the disease is an abnormal vasomotor 
tone. Lewis’ opinion*® is that in true Raynaud’s disease there is a "local 
fault” and that the vasomotor tone is normal. Bishop, Hcinbeeker, and 
0 ’Leary® believe in a local, inherent, trophic, etiologic factor. In some advanced 
cases a sensitization to humoral substances is present and is sufficient to produce 
an attack. 

In earlj'' and mild cases of Raynaud’s disease the picture is not so striking; 
giant capillaries, thromboses, and blood extravasates are absent, The tjpical 
picture in mild cases of Raynaud’s disease or vasoneurosis is as follows-, verj- 
tortuous, twisted and bent capillaries, nsuall}' with a spastic, narrow, arterial 
portion and a dilated, congested, venous portion. A congested subpapillarj 
plexus is usually visible. 

REFLUX TI3XB 


In severe eases of Raynaud ’s disease the reflux time shows a marked devia- 
tion from the norm. We frequently find capillaries in whicli, upon compression 
of the arteries of the arm, there is an immediate stasis {the decision as to whet ler 
it happened post hoc or propter hoc is sometimes difficult, since spontaneous 
stases often occur). In the enlarged, giant capillaries, in which the flow be ore 
compression was very slow and sluggish, and in w-hich there were frequen, 
spontaneous stases, we ofteu observe that after compression this flow lemain^ 
visible for a long time before it finally stops. Time interv^als of moi e than one 
minute are not rare. (The experiment should not be repeated imme 
one must wait several minutes, otherwdse the results will he incorrect.) s is 
be seen from these contradictory findings under the seemingly iclentica 
tions, we are concerned with a complicated function which apparently 
the resultants of various factors influencing the reflux time. This wi e 
cussed later. 


CRITICAL CAPILLARY PRESSURE 

Observations of the reappearance of the capillary flow after 
)w varying results in different eases. In several examinations o ^ ^ 

;e at different times there is, for the most part, a rather constan 

lich the flow reappears. The experiments must not be done imme ja 

e another ; a rest of several minutes must he interposed. Those 

iom the pressure at which the flow reappears varies on diffeien 

em to belong to that group in which the blood pressure also c 25 

I general, the capillary flow reappears normally at a pressure o a ® 

m. below the systolic blood pressure. A striking and a norma 
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Difference Between Systolic Pressure 6nd Cntico! Capillary Pressure 



Chart 1. 


difference Between Systolic Pressure and Critical Capillary Pressure 



Cliart 2. 
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Table I 


Chief Capillauiscopic Findings 
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R = Raynaud’s disease. 
C = Causalgia. 
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Table I— Cont’d 
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obtained in severe cases of Raynaud’s disease and sclerodeimia in that the pres- 
sure often liad to be reduced GO mm. below tlie systolic pressure before the 
capillary flow reappeared. Reappearance of the flow at a point 35 min. or more 
below the systolic pres.sure seems to be due to a local disturbance in capillaiy 
function. 

In Charts 1 and 2 this relationship is grapbioally presented. In Chart 1 the 
difference between systolic and critieal capillary i>ressnre is shown in compari- 
son with the severity of the illness; in Chart 2 the differences before and after 
operation may be seen. 

CAPILLARY PERMEABILITY 


As mentioned above, in severe cases one frequently may sec blood extrav- 
asations. This is to be regarded as a sign of increased capillaiy permeability. 
Moreover, in a few cases with giant capillaries, wo were able to obseiwe the fol- 
lowing phenomenon ; After the blood pressure cuff was pumped up, a light- 
refracting substance gradually began to cover these giant capillaries, and the 
entire field became hazy. This may have been due to a filtration of plasma 
through the capillary wall because of increased capillarj’ permeability. The 
criticism that this phenomenon may be e.xplained by a difference in the refraction 
of light by the giant capillaries lying beneath can be refuted by the fact that 
rrohacl the opportunity to observe the appearance of this “shiny substance’’ 
nftcr prolonged compression in cases in which it was not formerly present. It 
's. therefore, due to the passage of pla.sma .substance through the capillarj- n-all. 
In a subsequent e.xamination at another time the capillaiy picture was again 
distinct. This may be considered as further proof in favor of our interpreta- 
tion. 


Patients whose fingers were edematous usuallj' showed a vague, hazy, 
cnpillary picture. More often it was seen that the originally clear capillary 
rioture became vague and hazy upon prolonged corapre.s.sion, indicating in- 
tteased permeability. Capillaiy permeability and its correlation to adrenergic 
mid eholinergio reactions was investigated by the autonomic skin test.” 
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■Til Table I the results f th grouping 

the classification nf +i ° GRpillaroseopie examinai; 
eliaracteristies irfiicli cliuieal and sur^^irar'^ 

2 ' 4 t"S'‘":;' >»• H-) 

3 . The refiux time and t , • ” +)■ 

difference betiveen the sj'stolie^bJ^^T^^ capillary pressure (see Method) Tf th 

-We 30 ™., “rS~ cfc t' 

:HX-ot:rr“ - --- ' ‘'“‘ “““ 

1- a™p I of Ro,,.a!d (T, 

»atiou of tto affecM e.treiS' ^ "° »■ "rfmar,- »,*. 

2. Group 2 of Raynaud tRl- 1 ■ 

3. Group 3 of Raynaud fR ) ' 1 changes. 

«'«i as bone atrophiei. ' ' “'’™® 'ta^s aad .wap abaomaliife 

4. Causalgia tGt n ■ 

Ganges. ' ' I”" “ Prominent aprapt„„ „,ifl, 

1^1 Table I ggn tinf f] 

those patients ivlm were dso desi "nof ^hich includes 

the groupings R, (^t^ cases) a^ nl '' 

quentljr characterized in the table h. ^ ‘^^ses of causalgia) were fre- 
Patients preoperatively these ^ ^^Jsofar as we examined these 

m> 0 * pplients who wL l® "1”*" “ “ «■' l>y -inns 

plus signs, jj jjjjy conchido? f “J’'™*'"” «" "»« in ile table bj- 
a^ter operation that the abnvA experience with cases seen before and 

fore operation, i.e., giant ea-nUT^^^-^^ ^ pathologic picture be- 

A comparison of the V n • 

revealed certain diserenan<doc-^^°rf^^^^ clinical groupings of Raynaud eases 
(Table I) showed less marl-ed n example, the nailfolds of Lop and TVic 
on the bases of the clinical 1 ‘^^P^'haroscopically than we would expect 

severe capillai-oscopic findino-^ ''J^ereas Dw^r and Goo showed more 

the signs and s.ymptoms of +1^ t histoiy of Lop reveals, however, that 

the hands which were alwa f wei-e localized only in the feet, never in 
basis of the findino-s in placed in group 2 only on the 

had onljp a lumbar sjnnpath ™ hands. The patient actually had 

tion is thereby explained seeming inconsistency in the elassifica- 

As mentioned above thf> />a m 

of a benign case, whereas tl i- ^^'P®^Gpie findings in patient Wie were those 
ease. This case is here d ^ r n impression was that of a moderately severe 

esting features. eseii e in greater detail because of its other infer- 

^ ^ CASE BEPORTS 

hy her persistent compIaintrTf J ivoman, aged 20 years, who impressed tlie pli.v.«iciflnp ,, 
This was tlie reason for nheino - 1 hands and occasional blanching of tlie fingers. 

ler in group 2, although according to the capillaroscopic exam- 
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inatioQ she helonged in group 1. Psychologically, she had the personal characteristics of an 
obsessional neurotic. She sho\Yed interesting changes m tlic capillary picture upon repeated 
examinations at different times. 


She was examined for the first time four months after a left-sided preganglionic sym- 
pathectomy. The left hand xvas dry and warm, the right hand moist, cool, and purple. 
Only the right hand was examined capillaroscopically at that time. Tliere were signs of a 
^erelopmeatal disturbance of tho capillaries (expressed in the persistence of the subpapill.ary 
plexus and in visible anastoniosoa xvith the papillary capillaries) and a floxv of moderate 
speed, a condition usually not found in moderately severe cases of Raynaud's disease. 

■When the patient was examined eight months after operation on tho left liand and 
four months after operation on the right h.and, she was still under the influence of a recent 
gynergen injection. Siie said that she was in the habit of taking these injections originally 
because of asphj’xia of the fingerj but now because of migraine; she claimed that these in- 
jections helped her. Her hands were cold, dry, and showed purplish spots when she entered 
the room. The most striking capUlaroscopic finding was a very marked sluggishness of 
flow; often tlicie was a complete lack of motion in the microscopic field. 

Without being asked, but quite spontaneously, the patient gave the following informa- 
tion: Before the sympathectomy, whenever she had a gjTiergen injection, the hands became 
reddish, warm, and moist; since the operation, after a gynergen injection, her hands always 
became cold and purplish. 

One month later the patient was again examined: she had had no gynergen .injections 
for several days. The hands were reddish pale; the palms were colored bright red and were 
dry and narm. Cnpillaroscopically there was a rapid blood flow in the capillaries. In con- 
trast to tlie former findings, tlio .stream never became sluggish and no periods of stasis ap* 
pesKd. TIk capiiiaries W'fiicii, preoperafivefy as weli as at the time of (ite first pcstapera- 
bve examination, without being under gynergen influence, were found to be dilated, now* had 
a nortoal lumen. Thus these findings show that the gyneigen injection before and after 
operation bad a different effect on the appearance of the hands and of the capillaries. 

The influence of gynergen on the asphyxia of the fingers before operation is compre* 
htBsible, because ergotamine paralyzes the sympatlucus and, therefore, in cases of Raynaud's 
disease with spastic, constricted arterioles, there is dilatation of the arterioles and thereby 
a better blood supply to the hands. As a consequence of this tho hands become warmer and 
redder. After sympathectomy the sympathetic action on the arterioles is absent, and the 
Synergen action has lost its pathway. Nevertheless, as the capillaroscopic examination re- 
teab, it must still have an effect on the capillaries. 


According to Cannon^ and to our own findings, the sympatliectomized zones are hyper- 
ffuntive to adrenalin. Narrowing of the capillaries, winch we found in most cases after 
sympathectomy, could be explained on this basis. There also seems to be an increased sen- 
sitivity to adrenabn-inliibiting sub.stances, such as shoivn by the gynergen effect postopera- 
brely. Capillaroscopic examination shows that after gynergen injection there is a dilatation 
the capillaries in the svmpathectoniized region. Since tins occurs without sympathetic 
^gulation of tlie width of the arterioles, the con.^equence of the sudden, marked dilatation 
or the vessels is a slowing of the flow' to the point of stasis. The cyanotic, blue-red color 
® the hands and the cool temperature are a result of this widening of the capillaries and 
ol the flow. 

The Correctness o{ this assumption is confirmed by the third examination of the patient 
a tune U'hen she had not Tcceived a gynergen injection. The findings were the same as 
® oilier sjTnpathcetomized patients; narrow capUlaries, marhed rapidity of flow, and warmth 
Hie hands. 


, 'fo suminavize, the functional tests of the capillaries in the compression test 
‘'h® Pfitient mar he cliseii.ssed. Before operation on the right side (the left 
' “Ral s.vmpathectomy had been performed four months earlier) the reflux time 
’^35 seventy-three seconds and the critical capillary pressure was 60 mm., that is. 
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55 mm. below systolic pressure (115 mm.) . On examination of the right side four 
months after operation and while under the influence of ergotamine tartrate 
(gynergen), the reflux time in the right hand was thirty-five seconds and the 
critical capillary pressure was 80 mm., that is, 20 mm. below the systolic pressure 
of 100 mm. In the left arm, on which an operation was performed eight months 
previously, the reflux time was forty seconds and the critical capillary pressure 
was 84 mm., or 16 mm. below the systolic pressure. 

One month later, without the influence of gynergen, the reflux time was 
twenty-five seconds on the right side and the critical capillary pressure was 90 
mm., or 28 mm. below the systolic pressure (118 mm.). 

Thus we see that the pathologic increase of the reflux time present before 
operation is significant, that postoperatively, with the patient under the in- 
fluence of gynergen, it is less noticeable, and that without gynergen the reflux 
time is almost normal. 


The variations in the critical pressure correspond to those in the reflu.x 
time. The pathologically low critical capillary pressure becomes distinctly 
higher after operation and, postoperatively, under the influence of gynergen, it 
is not so high as without gjmergen. But since the blood pressure after the 
gynergen irgeetion was only^ 100 mm., the difference between the systolic pressure 
and the critical capillary^ pressure (100 - 80 == 20 mm.) seemed somewliat less 
after the gynergen injection than later without gynergen (118-90 = 28 mm.). 


Case 2. — In the case of Goo there is also a discrepancy between the clinical pictwc 
and the capillaroscopic findings in the left hand. Clinically she was placed in group „ 
whereas the capillaroscopic findings were those of a more severe, case. 

She was a 33-year-old white, single woman, of slender build. Her shin was pale, 
hands w'ere cool and pinkish. On October 6, 1539, the date of examination, her pu -e i 
was 78 without any respiratory arrhythmia. Her Wood pressure was 108/72. 

Capillaroscopic examination of the right hand revealed a straight corium. 

8 capillaries per field in the first row, irregular in form, most of them ' yeceels 

short, and some were half figure-of-eight shaped and widened. The width o 
changed during examination, some disappearing entirely. There was no mar 
between the arterial and venous limbs of the capillaries. The stream is slow an g 

and in some capillaries is invisible. . Others arc 

The second row reveals some hairpin-like, short, very widened capillaries, 
dendritic and pointed. The subpapillary plexus is not visible. 

Functional test: The blood stream stops after twenty-eight seconds, at a pr 


130 mm. Hg., and starts again at 70 to 80 mm. Hg. ^, 5 ^ 

Capillaroscopic examinatiou of the left hand reveals a straight corium. 
row there are 6 widened, parallel capillaries, some hairpin-like, some ® ”” granular. 
The venous limb is slightly wider than the arterial. The stream is s uggis i u 
In the second row the capillaries are diffusely located, some running horizon g,]l)papillar}' 
very wddened, sacklike shaped; some are short, some have biscuit forms. 


plexus is not visible; no arcliicapillaries can be seen. ^ ^ seconds and 

Functional test: The stream stops at a pressure of 130 mm. a er ei 
starts again at C5 mm. In a second test it stops after thirty-five secon s a 
at a pressure of 55 mm. No retrograde flow is seen during compression. 

Summary. — Irregularities in the form and location of the vessels. processes 

velopmental abnormalities of the capillaries, though there are jT. changes of f'' 

which lead to regenerative and degenerative changes. Tliere are - g 


speed of the blood stream. 
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The subjective complaints of this patient contrasted strikingly vrith the objective find- 
ing in Her hands, although she constantly reiterated that she had pain in her hands and 
legs. She was a severe obsessional neurotic whose interests were centered on sensations in 
her hands and legs. She insisted on procedures nhieh gave her only transient relief. This 
eiplains the great number of operations wliich she underwent. They were as folJon-s; at 
the Bge of 17, appendectomy; at 20, right ovarian cyst removed; at 31, left lumbar .sym- 
patbectomy; at 32, in February, 1937, right lumbar sympathectomy; November 5, 1937, left 
doml preganglionic sympathectomy; November 13, 19.37, right dorsal sympathectomy; De* 
cccaber 16, 1937, left splanchnic resection; December 28, 1937, right splanchnic resection. 
Oa October 15, 1938, the patient bad a right dorsal sympathectomy, and on November 14, 
193S, resection of the fifth to the ninth left intercostal nerves. In spite of all these opera- 
tiOBs her neurotic complaints continued. 

Case 8, — Another case in which the clinical picture and capillary findings are not in 
agreement is the patient Dwy. The following are the salient features in this case: 

Two and one-half years ago, ui October, 1934, the patient crushed his left forefinger 
tip between two stones. He was seen immediately by lus physician and after an x-ray had 
bees taken, was treated conservatively at tJie local liospital Later lie wa.s x-rayed again by 
an insurance company. The finger tip had become so sensitive, however, that he was unable 
to work because of his fear to touch anything with this hand. Two and one-quarter years 
ago the finger tip was amputated, but the extreme sensitinty remained. Whenever he touched 
snytbing, excruciating pain shot up the forearm. His sensitivity contrasted with the objec- 
iwe findings. Two years ago the pain sensation Jed to the diagnosis of neuroma, and the 
fager was amputated at the distal interphalangeal joint. No relief was obtained. One and 
oce-half years ago another operation was performed, this time to remove the nerves on either 
«We of the finger. Tim symptoms remained unchanged in spite of physiotherapy (massage, 
beat), and the finger seemed to be withering. Nine months ago another amputation was 
done, this time of the proximal interphalangeal joint, with no change in symptoms. A gen- 
eral physical examination at this time threw no light on the problem, and six “glass boot“ 
treatments produced no change in the symptoms. 

The patient 1ms never before noticed numbness or tingling in the extremities or unusual 
wasitirity to cold. The sensitivity to touch and, more recently, extreme sensitivity to cold 
ii aow present in the whole loft hand. On exposure to cohl air the left hand turns numb 
aii3 blue and requires tea to fifteen minutes to “thaw out/' 

On June 16, 1937, a left-sided aympatlicctomy was performed, with subsequent subjec- 
tire improvement Tlie patient was examined for the fir.'it time eleven months later. Capil- 
laroscopy at that time revealed in both hands a picture characteristic of a severe case of 
Baynaud's disease. On re-examination one year later (June 26, 1939) the changes were still 
Eiore marked in the nonoperated hand. Even at the time of the first examination a large 
cumber of giant capillaries with n sluggisli flow were found. Other capillaries showed a 
constantly changing rate of flow in that at times it was rapid and at times sluggish; oc- 
casionally it even stopped entirely for prolonged intervals. In addition, complete disappear- 
8cce and reappearance of the capillaries was often observed. One year ago, in the right, 
coaoperated arm, the critical capillary pressure was 90 mm., that is, 30 mm. below’ the systolic 
tlood pressure which was 320 mm. at that time, as it is now. In a follow-up examination on 
1939, the critical capillary pressure was 60 mm. 

J’rom these findings wc are justified in concluding that this patient must have had an 
ssjTnptomatic Raynaud's disease at the time of his original injury. Afterward the accident 
Pf««phated a neurosis which revealed itself in his severe sensitivity and in the complicated 
Postoperative course. 

These examples show that severe capillary changes may be presetit in eases 
'’■tliout or -nith inadequate clinical findings. In some cases neurotic complaints 
in the foreground and antedate the visible clinical symptoms, since the basic 
'^pillarj’ changes are not discovered. 
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GAPILLAROSCOPY BEFORE AND AFTER SYMPATHECTOMY 


Before conclusions eoneex-niug the effect of the sympathicus on the capillar}- 
flow in Raynaud’s disease are drawn from the comparison of capiJiarosoopic 
findings before and after preganglionic sjnnpatheetomy, the operation, as peu 
formed by Smithwiek,” is described : “A vertical paravertebral incision eeiiterea 
over the third rib is made. Inner inch of third rib is resected. Second and third 
intercostal nerves are identified. Inner inch is resected, dividing both anterior 
and posterior roots, as well as the rami to the sympathetic trunk. The sj-mpU' 
thetic nerve is identified and resected below the third ganglion, and the upper 
end of the section fold is sutured to the insertion of the muscles of the back. The 
incision is closed with fine siUc.” 


The clinical results of the preganglionic dorsal sympathectomy are as fol- 
lows: Whereas, before the opei’ation, the affected hand is usually purple and 
mottled, cold and moist, after the operation it is pale, warm, and dry. It is 
worthwhile commenting that to the unbiased observer the hand on the syropa- 
thectomized side becomes not redder, bnt paler ; and, as mentioned, it is much 
warmer than before the operation. The difference can he seen most clearly in 
those patients who have been operated on one side only. 

The comparison of the capillaries at the nailfold before and after operation 
shows changes in the following: (1) the width of the capillaries, (2) the speed 
of the capillary blood stream, (3) thromboses and blood extravasates, (4) the 
reflux time, (5) the critical capillary pressure, and (6) the number of visible 
capillaries. 

After sympathectomy in cases of Raynaud's disease a distinct change iii 
width of the capillaries could be observed. In the mild eases the abnoimia 
width of the capillaries was decreased. Of the two most severe cases with giant 
capillaries, in one the capillaries narrow'cd conspicuously, in the other they i 
not change ; of 6 cases with widened capillaries, 5 showed narrowing after opera^ 
tion (Chart 3). Of the whole group of 15 operated cases, 9 showed narrowing 
after operation. , 

The most striking change after operation is, hoivever, the increased spe 
oj the Mood floiv in the cagdllaries. Of the 11 cases examined for speec o o 
before and after operation, 2 showed no change and 9 showed a more rapi 
(Chart 4). In 3 others, examined only after operation, but wheie 
could be made with the unoperated hand, all 3 operated cases showe 
flow. The changes are best seen in the mild and moderately seveie 
the most advanced cases also, even after operation, a sluggish flow is s i ^ 
ent in the markedly dilated capillaries, but one sees clearly the en ® 
increased speed of the blood flow in the relative rarity and brevity o 
of stasis as compared to the behavior before operation. 

In two cases (Lam, Syp) on re-examination a few w-eehs after 
ihromhoses and hemorrhagic exudates could no longer be foun , a ® ■= 


were seen before operation. gra- 
in one case (Pic) where the increased capillary perinea 1 1 of 

tion was characterized by the light-refracting substance m t ® operation 

the giant capillaries, such a “shiny” substance was not presen 




Chart 4. 
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and did not appear mitil after prolonged compression. This suggests a de- 
crease in capillary permeability. 

In the same patient it was also noted that the capillaroseopic picture, which 
liad been very haz 3 ’' before operation, became much clearer postoperatively. This 
was in obvious connection with the visible decrease in the swelling of the finger, 
i.e., with the decrease in the free fluid in the tissue. In addition, the dilatation 
of the excretoiy duets of the sweat glands, wdiich Avas present preoperatively, 
was no longer seen. 

Capillaroseopic observations of symipathectomized Raynaud’s disease have 
been published bj’^ Adson and Brown.^ The authors discuss a case of Rajiiaud’s 
disease which had a “resection of the sympathico-cervico-thoraeic and second 
thoracic ganglion and the intervening trunk ’ ’ on one side. They described the 
improA^ed capillarj'^ floAV, the brighter color of blood, and the narrowness of the 
capillaries on the operated side. The latter they attribute to increased tonus of 
the capillaries. 

Change in the reflux time after operation varies, depending on its preopera- 
tive value and on the time wdiich has elapsed since operation. In the group ivith 
decreased reflux time were eases Avith stases occurring after a feiv seconds as well 
as those with instantaneous stases. It was shoAA'n that the reflux time in these 
cases increases after operation. For example, in one patient (Sjt)) thereflns 
time before operation was onlj' six seconds. On examination two W'eeks a ter 
operation the reflux time was seventy seconds, three weeks after operation, 
fift3'--five seconds, and five AA^eeks after operation, twenty-flv'e seconds.^ A 
weeks there was again a decrease in the reflux time, so that immediate y a er 
pumping up the blood pressure cuff there Avas a stasis in the capillary s ream. 
Three months after operation the reflux time reached forty-five secon s, a 
six months afterAvard it Avas about the same, thirty-nine seconds. 

In another patient (Whi) AA’ho showed a short reflux time of^five 
preoperativelj'-, the same value Avas obtained on the fourth day after 
On the fifth day the reflux time was 52 seconds, on the tAA'elfth, fi teen sec^ 
HoweAmr, this Avas obseiw^ed three days after an operation on the ot ler a n 
the reflux time was fifteen seconds in both extremities. v, f -e 

In patient Che, aa'Iio shoAved an immediate stasis upon 
operation, the reflux time Avas eight seconds eleven days after opera 
In another patient (Lan), Avith a decreased reflux time on the 
: seconds and on the left to Aa'c seconds, examination of f , 


four 


seconds, and sixteen fays 


daj^s after operation .show'ed a reflux time of nine fifteen 

after operation, examination of the right hand showed a a a ue 

seconds. immediate 

Finally, in patient Lab, in whom, before operation, there was an^ 

stasis of the capillary flow upon pumping up the cuff, the re ggconds in 

arm was thirty-seven seconds one week after operation an eio i n 

the left arm tAVo Aveeks after operation. during the 

In some cases Avith a Ioav reflux time no changes therein thereafter- 

first four daA's postoperatively, but the increase is first seen s lor 
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This condition is particulariy noteAvorthy because bebreen the fourth and 
fifth days there is frequently also an unusual change in the appearance of the 
hand. Usually, during the first four days after operation, as Smithwick^* has 
often emphasized, the hand is still cold and moist, -while on the fifth day it be- 
comes warm and drr-. 

The cnrre for the reflu.Y time in the above-mentioned case (S.vp), as in other 
cases, shows that the increase in time -whieh appears a few days after operation 
gradnaliy decreases in the course of the following few weeks, but that later a 
■ralne is established -which does not change in the following few mouths and seem- 
ingly may be regarded as constant. 

The values of the reflux time obtained for patient Whi create the impres- 
sion that the operation on one side iiifluenees the postoperative results on the 
other side, since the reflux time in one arm, increased because of the operation, 
decreases at the moment a sj-mpatheetomy is performed on the other side. 

In summary, it may be said that in cases of Raynaud's disease with lowered 
refinr time there is an increase after operation. 

In discussing those cases with an increased reflux time before operation, it 
must be stated that in the majority they are severe cases. Here we see the 
opposite of -what we .saw in case.s with decrea.scd reflux time. After operation 
there is a significant decrease in reflux time, the value sometimes sinking below 
normal. Patient Pie, who was examined several times before operation, showed 
a markedly increased reflux time in her enormously dilated capillaries. How- 
ever, it was striking that before operation a stasis could occasionally be seen 
mimediately following compression. This, however, was not always due to 
compression, but was one of the frequent spontaneous stases which were charac- 
teristic of tills case. These spontaneous stases ceased after operation. Sixteen 
days after operation the reflux time was fifteen seconds. Two and one-half 
months after operation the afterflow time in the right arm was twenty-six 
Kconds, in the left, three months after operation, it was five seconds. 

Another patient (Hor) who. before operation, had a reflux time of ninty 
seconds in the right hand and of sixty-five seconds in the left hand, showed a 
tcfiux time of eight seconds on the left hand fifty -one hours after operation on 
this side, and of five seconds on the fourth day after operation. On examination 
tiro weeks after left-sided prcgangliouie dorsal sympathectomy and one week 
efter right-sided preganglionic dorsal sympathectomy, the reflux time in the 
ftoht hand was twenty-five seconds. 

In patient Pro, who, according to the clinical picture and the capillaro- 
®<^'<>Pie findings is one of the severe cases of Raynaud’s disease, a reflux time of 
Ihirty-seven seconds was found before operation. Three days after left-sided pre- 
ganglionic dorsal sympathectomy and twelve days after right-sided preganglionie 
sympathectomy the reflux time was thirty seconds on the left and thirty- 
hre seconds on the right. Four days later, in the left hand, the reflux time was 
I'reive seconds; in the right hand varying results were obtained in variously 
formed capillaries of different widths. In a narrow capillary a time of twelve 
'econds -wms found and in a widened giant capillarj-, thirty-two seconds, while 
tlic deeper layers values of five seconds and eight seconds were obtained. 
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In general, it maj* be said that in eases with a pathologiealk increased reflux 
time, a sudden and excessive fall thereof occurs immediately after operatiou. 
Then its value gradually approaches a normal level. 

In some patients with preoperatively prolonged reflux time in whom three 
or more months have passed since operation, findings of thirty-five to forty-five 
seconds reflux time have often been obtained, i.e., a moderately prolonged reflux 
time. This finding was obtained in 13 of 25 hands which have been examined 
to date. In few patients in whom there was no retrograde flow in the compres- 
sion experiment, a reversal in the direction of flow was seen upon compression 
after operation. 

The critical capillary pressure has a distinct relation to the systolic blood 
pressure. If the blood pressure cuff is pumped over the systolic pressure and 
kept at tliis level, no blood can flow through the arterioles and reappearance of 
the capillary flow is impossible. Those few cases which, paradoxically, have a 
critical eapillaiy pressure above the initial systolic pressure can doubtlessly be 
explained by the fact that they have a markedly fluctuating blood pressme which 
rose above its initial value during the examination. 

If we compare the preoperativc and postoperative differences between 
systolic pressure and the critical capillary pressure, we almost alwaj s see t mt 
after operation the critical capillary pressure is nearer the systolic pressure 
than before operation. Of the II cases in w’hich this observation was mace 
fore and after operation, 10 showed a decrease and one showed an mcrea 
(Chart 2). 

An interesting phenomenon which we obseiwed in several cases and w no 
was eleai’ly changed after operation is the following: A series of 
bore the occlusion of the circulation in the compression experiment 1 ^ 
out any symptoms, upon gradual release of the pressure, felt a distinct j ^ 
sensation at about the level at which the stream reappeared capil aroseopi 
After sympathectomy this pain was no longer elicited. 

The number of capillaries per microscopic field visible at the nailfo 
fore and after operation shows no marked variation. Our observations^^ 
no increased number of capillaries such as described by others. In a ew^ 
after operation the first row of visible capillaries was much full ler 
corium than before operatiou This can be explained hv' the ac 
capillaries of the first row are completely emptied after operation. ^ 

Before these findings can he discussed, the correlations between 
of the eapillaiy flow and the pulse rate should be considered. Sue a w 
son in our patients shows that there is no direct correlation, but, on 
hand, in cases with slow pulse rates, both rapid and slow rates o ow 
This did not surprise us, since in patients who had a unilateial 
we found a sluggish capillary flow eontralaterallv' and a more ra ^ 
homolaterally. In nonoperated persons with Eaynaud’s dise^e wo 
pulse rate, we almost always found a sluggish flow on the a ec e si 
patients whom we observed with pulse rates over 100 were seveie 

disease. 
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This plieiionienon might bo explained b 3 ’ supposing that tlio high pulse rate 
represents a compensator}' mechanism to bring about a hotter flow. One iniglit 
also bear in mind that, according to various authors, in cases of Raynaud’s 
disease thei’e is an increased activity of the adrenals, and this in turn causes the 
higher pulse rate. In any case, it shows that capillary circulation is, to a great 
e.vtent, independent of the main circulation and probably reacts to processes in 
the tissue. 

A siniple relationship between .systolic pressure and the rate of capillary 
flow does not exist, since we find rapid as well as sluggish flow in cases with 
normal pressure. This is apparent in those patients operated on on one side 
only, since they show a rapid flow on the operated side and a sluggish flow on 
the nouoperated side. 

In the nouoperated patients it was striking that in the group of those with 
[iartieularly low blood pressure (SO to 110 mm.) tiie capillary flow was slow in 
7 of !) eases in the group. 

DISCUSSION 

We can now explain the previously mentioned postoperative pallor and 
higher temperature of the liand. The former is dne to the narrowness of the 
capillaries which is now present. The latter is due to the increased rate of flow 
following the operation. One might say, rather, that the temperature of tlie 
hand is dependent on the amount of blood flowing tlirough the skin capillaries 
per unit time, and this is partly dependent on the width of the arteries. 

Olio must not assume therefore, that the acceleration of the flow seen 
mieroscopieally is a consequence of the small diameter of the capillaries, but, 
because of the warmth of the hand, one must maintain that despite the narrow- 
ness of the capillaries the amount of blood flowing tlirongli them at a given time 
is greater after sympathectomy flian before it. 

The pallor of the hand observed postoperatively agrees with the findings of 
We and Eiehards,” who made their observations on the unpigmented cat’s paw 
and saw that the deiiervated extremity was distinctly warm, but at the same 
time paler than the pads of the normal foot. 

The narrowing of the capillaries after sympathectomy occurs for various 
reasons. In describing capillary behavior we have avoided the use of the words 
spastic” and “atonic” and have restricted ourselves to the words “narrowed” 
and "widened,” in order to emphasize that the cliange in the width of the 
capillaries is not indicative of an active movement of the vessels. There is no 
doubt that the change in the width of the capillaries is not dependent to any 
great e.\-tent on the flow in the arterioles, but is for the most part the result 
ef metabolic changes in the surrounding tissues. Dilatation of the arterial limb 
« due to a passive distention as a reaction to the environment and swelling of 
Eouget’s cells, whereas narrowing is attributed to inhibition of the surrounding 
tusue which tlien compresses the capillaries. Dilatation of the venous limb is 
more the result of changes in the environment, i.e., of the production of acid 
metabolites. Since the capillaries have only endothelial layers, no smooth muscle 
and no connective tissue, the sympathectomy can affect only the arterioles. For 
"iis reason, the operatiou may help in part indirectly; (1) by elimination of 
dm spasm of the arterioles bringing about an acceleration of the blood flow 
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and a consequent improvement in the local tissue metabolism; (2) ti!rou'’luk 
liberation of a chemical substance (H-substanee), the intermetliai-j' prodiictioii 
of which was inhibited before the nerve fibers were dissected. 

The improvement in the capillary condition and the narrowing, therefore, 
occurs because (a) after the elimination of the spasm the vis a tergo causes an 
increased rate of flow, (b) the content of the capillaries becomes more raobik, 

(c) the external pressure decreases due to the changed condition of the tissue, 

(d) the capillary wall becomes less permeable to the plasma, the blood be- 
comes more dilute, the blood corpuscles less conglobated. Each of these factors 
plays a role. 

In consideration of tire above-mentioned factors, the postoperative change 
in the reflux time becomes significant as a functional test. In the cases with 
sluggish blood flow and very sbori, reflux time, tbe operation produced an in- 
crease in tbe reflux tinre because of tbe reasons discussed, an acceleration of the 
blood flow, dinrinrrtioir of the tissue pressure, and dilution of the blood. In tlic 
few eases with a sluggish flow aird a reflrrx time lengthened because of the tre- 
mendous exparrsioir of the capillaries, the operation pi’ovoked a relative reduc- 
tion of the reflux time, particularly by relaxing the arterial spasm and im- 
proving the blood flow. 

The critical capillary pressure depeirds on the same factors ivhieh affect the 
reflux time. As a result of the sympathectomy, the critical capillary pressure is 
nearer the systolic blood pressure, varjdng directly with the effect of tlie opera- 
tion on the basic pathologic factors. The more rapid the capillary flow and the 
naiTower the capillaries, the closer to systolic pressure is the critical capillai} 
pressure. 

All these observations show the manifold patinvays by which the damagiuD 
factors lead to the development of Kaynaud’s disease. Emotional factois ma) 
play a role in the precipitation and in the continuation of these processes, u 
further study is needed before the importance of this role can be evaluate 

SUSiaiARY 

of 

In this investigation the capillary response was studied in 29 eases 
Kaynaud’s disease. , . 

1. Capillaroseopie observation of cases of Raynaud’s disease shows 
the disease may be present before the appearance of the clinical symptoms. 
these cases abnormal capillaries can be seen when other vasomotor sj mptoras a 
not present. 

2. In tbe majoritj' of cases of Eajmaud’s disease there exists a peisis e^^^^ 

of the subpapillary plexus and a persistent connection between it an 
growing eapillai’ies. . 

3. Two objeetivm measurements are introduced to test the 
capillarj' circulation-, (a) reflv-x time, i.e., that time which elapses e 
capillaiy flow ceases, when the upper arm is compressed with a ^ 
cuff, pumped up to 30 mni. above the systolic blood pressure; (b) cj/ 
lary j^rcss^trc, i.e., that pressure at which tbe flow ouee again reappeais w ^ 
cuff in tbe above experiment is gi’adually decompressed at the la e o 
per two seconds. 
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Capillaroseopy can define the severity of the disease more accurately than 
the gross clinical findings. 

5. The preganglionic synipatheetoiny has a distinct influence on the capil- 
lary picture of Raynaud's disease: (a) in 12 of 14 cases the speed of the blood 
flo\r increased; (b) in eases -with a slow reflux time, the time increased, and 
vice versa; (c) in 10 out of 15 cases the wkltii of the capillaries decreased; (d) 
the capillary permeability decreased; (e) the dilatation of the excretory ducts 
of tlie sweat glands vanished after operation; (f) these changes in the capillary 
picture after sympathectomy become less di.stinct in time; (g) tlie subjective 
symptoms of the patient are to some extent independent of the clinical picture. 
Some have the same typical capillary’ picture as before operation, even though 
relieved of complaints. Otbers show objective improvement clinically, but 
retain their subjective complaints, because a lunircjsis may become apparent, winch 
may have been a part of the picture from the begi)ining. 
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THE EXCRETION OF GOLD FOLLOWING THE ADMINISTKATION 
OF GOLD SODIUM THIOMALATE IN RHEUMATOID ARTHRITIS* 


Edward F. Haetung, M.D., Joyce Cotter, B.A., and 
Catherine Gannon, B.A., M.A., New York, N. Y. 


I 


T IS generally agreed by those who have had a large experience 
therapy in rheumatoid arthritis that this form of treatment is follotte } 
encouraging therapeutic results in a large proportion of patients. However, - 
reactions and untoward effects are so common and so serious that t icre 
great urgency for an increase in onr loiowledge relative to the mode ® 
toxieologiL and excretion of gold compounds. We have previously lepoi e 
marked bacteriostatic power of the serum against many common la 
organisms which develops following the administration of gold so mm ^ 
malate. Similar observations yvere made after the administration o b ^ 
sodium thiosulfate and anrolsulMe. These effects may, hut do not 
throw' some light on the mechanism by which beneficial results are ‘ 
w'ith gold therapy. We recognize that as yet the causative agent o i 
arthritis has not been demonstrated, and that the disease has not een 
clusively shown to he of infectious origin. 

objectwe 

Our objective here is to report studies on the urinaiy exeietion^*^ 
following the parenteral administration of gold sodium thioma a e. ^ 
of the long duration of unfavorable reactions when they do gon- 

objective was to determine the length of time excretion throng i m 

^ . . pepartmcnt oi 

•From the Arthritis Clinic and the Division of Univc^by- 

Medicine, New York Post-Graduate Medical School and Hospital, oo 
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tinned after administration was stopped. Less complete observations were 
mjide on the gold content of the synovial fluid, stool, and saliva. IVe were also 
interested in determining the amount of gold present in the whole blood and 
blood serum at varying inteiwals, and the relationship of these levels to the 
urinar}’ excretion, but these latter studies will be reported subsequently. All 
such studies, when coordinated with the occurrence of beneficial effects and 
toxic reactions, should lead to a clarification of tlie technique of aurotherapy. 

METHOD 

The method we used for the determination of iirinaiy gold was described 
by Pollard* in 1937, and by Jamieson and Watson in 1938.^ Some modifica- 
tions necessan* to make the method applicable to the analyses of materials other 
than urine will be more completely described in a subsequent paper. Analysis 
of knoum samples by these methods resulted in px*actically 100 per cent re- 
covery. The details obsen’ed in the collection of specimens are recorded under 
the separate experiments described below. Whenever possible the twenty-four- 
hour urine collections were started at 8:00 a.m , and the gold salt was given as 
near after 9:00 a.m. as possible. All patients studied were suffering from 
rheumatoid artbintis and the obseiwations were made during routine treatment 
with gold sodium tliiomalate administered parenterally in aqueous solution. 
As a rule, no other medication was given. The average dose of gold sodium 
thiomalate varied from 25 mg. once a week to 50 mg. every other day. The 
results of our analyses are recorded in terms of metallic gold. It is to be 
remembered that gold sodium thiomalate contains only 50 per cent mctallie gold. 


RESULTS 

Experiment 1. 0. J., female, aged 35 years, with rheumatoid arthritis, received weekly 
injections of gold sodium thiomalate after two control urinalyses had been done. These, 
of course, were negative for gold. Subsequently, urines were collected twenty-four hours be- 
fore and twenty-four hours after the injection of the gold salt. Table I records our results. 


T.vble I 


pRiN*Ar.v ExcREnoK OF Gold Following ScBCVT.vNEors Injections of Gold SoDiUii 
Tiuom.vl-vte 


DATE 

ADMINISTK.VTION 
OF GOLD SALT 
(MG.) 

VOLUilE 24 HR. 
VF.INE 
(CC.) 

Mar. 14-15 


1,125 

20-21 


925 

21-22 

5 

840 

27-2S 


1,000 

28-29 

10 

935 

April 3-4 


1,125 

4-5 

25.0 

7S0 

10-11 


860 

11-12 

25.0 

SIO 

17-18 


720 

18-19 

25.0 

1,060 

24-25 


1,000 

25-26 

25.0 

770 

May 1-2 


800 

2-3 

25.0 

700 

8-9 


510 

9-10 

25.0 

600 


URINWF.Y 

excretion as 
.AU IN 24 HR, 
(MG.) 

0 

0 

0.3S 

o.os 

0.15 - 

O.OS 

0.30 

0.13 

0.42 

0.23 

0.44 

O.IS 

0.2S 

0.24 

0.75 

0.32 

0.40 
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It will be observed that the urinary excretion of gold was less during the twenty-font hours 
before than the twenty-four hours after the injection of gold salt, hut that this fliffcrence 
appeared to decrease week by week. 

Experiment S. A male, aged 38 years, was given injections up to 50 mg. every other dav. 
It will be observed (Table II) that the 'urinary excretion gradually increased, reach'mg a 
maximum of 2.07 mg. Buring the thirteen days under observation he received a total of 
280 mg. of gold salt (140 mg. of metallic gold). He excreted through the urine during this 
period (allowing an estimated excretion of 0.40 for June 15 to June 16, when the urinary 
determination was omitted) a total of 12.83 mg. of metallic gold, or rougWy 9 per cent of 
his intake of metallic gold during this period. Serum levels were determined on four days, 
the results varying from 0.22 to 0.50 mg. per cent. On June IS the serum content was O.aO 
mg. per cent and the synovial fluid content was likewise 0.50 mg. per cent. For three days, 
starting June 18, carmine-marked stools were collected. It was found that during this three- 
day period, the patient excreted through the stool only 0.6C mg. It will be observed that 
the urinary loss during this three-day interval was 4.27 mg. The stool excretion, therefore, 
was very much less in proportion to the urinary e.xcretion during these three days. 

Table II 

Urinary and Stool Excretion of Gold, and Gold Content op Sekusc and Synovial Fluid 
E oLLOtYiNG Subcutaneous Injections op Gold Sodium Thiojialate 

(Male, Aged 38 Years) 


date 

GOLD SALT 
(MG.) 

VOLUAIE 24 
HR. URINE 

(o.c.) 

AU CONTENT 

24 HR. 

URINE 

(MG.) 

AU CONTENT 
SERUM 
(AIG. %) 

AU CONTENT 
STOOL 
(MG. %) 

AU CONTENT 
SYNOVIAL 
FLUID 
(MO. 7c) 

June 12-13 

5 

1,075 

0.05 




13-14 


910 

0.08 




14-15 

25 

1,050 

0.37 




15-16 







16-17 

50 

2,100 

0.55 




17-18 


1,200 

0.90 



ft t?ft 

18-19 

50 

2,200 

1.58 

0.50 1 



19-20 


1,475 

1.15 

i 

0.66 


20-21 

50 

1,600 

1.54 

0.32 J 



21-22 


1,650 

1.23 




22-23 

50 

1,800 

1.67 

0.22 



23-24 


1,750 

1.64 




24-25 

50 

1,700 

2.07 

0.44 



— — 


Experiment 3. M. W., female, aged 38 years, had received 330 mg. o go 
thiomalate previous to the excretion studies we made. Subsequently, 25 mg. o go 
given every seven days. Table III records the daily urinary' excretion of^me a 
this instance, the excretion became relatively fixed, varying between 0.17 am 
twenty-four hours. From these observations, one might suggest that there was a ‘ 
old for gold excretion, but the evidence of Experiment 2 (where the exere ion 
increased) tends to contradict this impression. 

Buring the fourteen days from April 26 through May 10 this patient period 

gold Balt or 25 mg. of metallic gold. She excreted through the urine -waP 

(assigning an estimated average of 0.33 mg. for April 27 when the e e js 

omitted) a total of 4.35 mg. of gold, or 17.2 per cent of the intake. ^ 

larger than that fovmd in Experiment 2 where the percentage of exore ion vs. 

Experiment 4. It was important to know how long the urinary jy records th® 

tinued after the administration of gold salt had been discontinued. of therapy- 

gold content of the urine at varying days from GO to 300 niter the pqoth day, 

In Case 5 there was 0.04 mg. of gold in the urine on the 210th day, j^\\ observa- 

but no gold on the 270th day. In Case 2, 0.01 mg. was found on ‘ ^ ^iscon- 

tions made show that gold is still excreted long after the admmis ra i 
tinued. 
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Table HI 


Urinaby Excretion of GoiiO Pollowiko Subcutaneous Injections of Gold Sodiuai 

THIOMALATC 


CASE 

j DATE 

administration 

OF GOLD SALT 
(MO.) 

volume 24 UR. ' 
UFvINE 

( cc .) 

urinary 

EXCRETION 

AS AU IN 24 UR. 
(MO.) 

M. \V., female, 

iDcc. 20, 1939 to 




aged 38 years 

[Apr. 2G, 1940 

1 330 


1 


|Apr. 2o-2G 


370 

1 0.3G 


2G-27 

25.0 

300 

0.51 


27*28 


- 

_ 


28-29 


COO 

0.24 


29-30 


SSO 1 

0.25 


30-May 1 


900 ' 

0.17 


May 1-2 


750 

0.35 


2-3 


S70 

0.34 


3-4 

23.0 

1250 

1 0.24 


4-5 


500 

1 0.47 


5-G 


230 

0.42 


Q-7 


825 

1 0.42 


7-8 


800 

1 0.36 


8-9 


775 

1 0.34 


9-10 


oGO 

1 0.24 


10 

25.0 


i 


Table IV 


Urinapa' Excretion of Gold After Stopi’ino the Administration of Gold Sowum 
Thiomaiate From GO to .{oo Days 


CASS 

NO. DAYS SINCE 
LAST DOSE 

L.\ST DOSE 
(MO.) 

TOTVL GOLD 
SALT GIVEN 

VOLUilE 24 UR. 
URINE 

(c.c.) 

urinary gold 

EXCRETION 

(MO.) 

1 


25 

340 



2 


10 





102 

10 

493 

({.econil 

course) 


O.IG 

4 

90 

30 

575 

840 

O.IC 

5 

210 

25 

200 

530 

0.04 


240 

25 

200 

1,200 



270 

25 


1,675 


G 

135 

50 


1,400 


7 

100 

30 

410 - 

SCO 

0.10 

8 

98 

50 


1,370 

0.17 

9 

90 

10 

85 

1,C50 



210 

25 



0.09 


Table V 

Excretion of Golb by the Stool 


CASE 

i 

total gold 

SALTS 

GIVEN 

(mg.) • 

LAST j 
DOSE 
(MG.) , 

NO. DAYS 
SINCE LAST 1 
DOSE 

NO. 1 

DAYS 1 

STOOL ! 
STUDIED ^ 

TOTAL STOOL 
EXCRETION 1 
AU 1 

(MG.) 1 

AVERAGE 1 
D.ULY URINeI 
EXCRETION 

AU 

(MO.) 

AVERAGE 
DAILY STOOT 
EXCRETION 
Au 

(MG.) 

355 

25 : 

One 

1 

0.G4 

1 

-> 

! 

285 1 

50 1 

Second day 

3 

1.94 

? 

0.C5 


180 

I 

50 ' 

1 

First and 
third days 

3 

0.66 

1.42 

1 
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Table VI 

Excretion op Gold by the Saliva 


CASE 

ASIOUNT OF 

GOLD SALTS 
GIVEN 
(MG.) 


NO. DAYS 

SINCE LAST 

DOSE 

VOLUME OF 
SALIVA 

(c.c.) 

AU CONTENT 
(JIG.) 

1 

2 

480 

500 

50 1 

50 1 

2 

3 

100 

56 

0 

0 


Table I'll 

Urinary Excretion of Gold Following Subcutaneous Injections of Gold Sodium 
Tiiiojialate, and the Effect of Sodium Bicarbonate on the Urinaf.y Exceetion 

(Female aged 35 years) 


DATE 


14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


June 27 

10 

28 


29 

25 

30 


July 1 

0 

50 

U 

3 

50 

4 


5 


6 

50 

7 


8 

50 

9 


10 

50 

11 


12 


13 1 

50 


GOLD SALT 
(MG.) 


AU CONTENT 24 
HR. URINE 

(MG-) 


medication 
sodium bicarb. 

(DRAMS O.D.) 


Sliglifc dermatitis, both axillae, gold salt discontmued 


0.65 

0.71 

0.96 

0.39 

0.58 

0.68 

0.50 

0.53 

0.53 

0.38 

0.44 

0.53 

0.35 


Experimejit 5. A few observations were made on the metallic go (Table V) 

Stools Mere appropriately marked with carmine in each case. It wd in twenty-foBr 

that the excretion of gold through the stool varied between 0.22 an . o 

Experiment 6. In two instances (Table VT) saliva was collected metallic ge'ii 

gold sodium thiomalate administration. In neither of these instances 
found in the saliva. the institu- 

Experiment 7. S. P., female, aged 35 years, had never recei “ developed a 

tion of these observations. After she had received 330 mg. o ^ gold. Hoffcver, 

slight dermatitis under both axillae, which may or may not ® .. July 29, the 

the gold administration was discontinued. Subsequently from u y > 
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daily urinar}' excretion was dotcrminod (Table VII). In this case, as in Experiment 3, the 
urinary excretion seemed rather fixed. After flip .‘vveath day of fh/s leiativc Nation of 
excretion, wo ^^e^e interested in observing the effect of sodium bicarbonate on the rate of 
excretion. Up to 15,(» Gin. wore administered by mouth daily. It will be observed that from 
(he eighth to the thirteenth day, the iirinarj’ excretion continued relatively constant, the 
administration of sodium bicarbonate apparently having no effect in this respect. 

Our object here was to observe %^hether sodium bicarbonate had the same accelerating 
effect on the excretion of gold as it has been found to have on the cxciction of lead. These 
studies are being extended and will be reported more fully at a later date. 

COXCLUSIONS 

1. Following the subcutaneous adniiiiisttation of gold sodium tliiomalate 
in patients witli rlieumatoid arthritis, metallic gold can be consistently re- 
covered from the urine, and the twent^'-four-hoiir excretion determined. 

2. In two instances the urinary excretion of gold approximated 9 and 
17.2 per cent of tlic intake of gold during the period of observation. 

3. Gold was found in tlic urine from 60 to 300 days after administration 
of gold sodium tliiomalate bad been stopped. 

4. The gold content of tlie stool in three instances ranged from 0.22 to 
0.65 mg. in tiventy-four hours. 

6. No gold could be recovered from the saliva in tlic two instances studied. 
6. As far as our observations were extended, tlie administration of sodium 
bicarbonate by mouth liad no quantitative cft’ect on tlie excretion of gold in 
the urine. 
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STUDIES IN BACTERIOPHAGE VI 


The Effect of Sulfapyridike and Sulfanilamide on Staphylococci and 
B. CoLi AND Their Respective Bacteriophages* 


Helen Zaytzefp-Jern, M.D., and Prank L. ]\Ieleney', New York, N. Y. 


INTRODUCTION 

I N A PREVIOUS publication^ we reported the effect of a large series of anli- 
septies, used in surgical practice, on staphylococcus, E. coli, and B. pyocyanm 
bacteriophages. We found that sulfanilamide (prontosil and proiityliii) and its 
derivative, sulfapyridine, were the only substances tested which exerted no 
significant influence on the lytic phenomenon. 

In a number of later experiments with weaker phages, these drugs seemed 
to have an adjuvant effect upon the action of bacteriophage, but they had no 
appreciable effect on phages of high titer and lytic ability. This suggested that 
tlie combination of phage and one of these drugs may be used in those cases in 
whieli the causative organism was partially resistant to pliage or in mixed in- 
fections where eaeli may have a specific action. 


EXPERIMENTAL TECHNIQUE 

Our stock mixture of staphylococcus pliages SI, and individual pliages I3t 
and BHj: were tested against 50 strauis of staphylococci obtained from 
sources and possessing various degrees of phage susceptibility, with and vi lou 
sulfapyridine and sulfanilamide. , y. 

Our stock mixture of E. coli pliages B4 and individual phage hIK vere i 
wise used in conjunction with these two substances when propagated agains 
sti-ains of E. coli of various degrees of susceptibility. . us 

The technique of the experiments was in general the same as in j 

work.^ All lysis tests were carried out in 5.5 c.c. of Savita broth. 
lyzed tubes on 5 per cent sheep ’s blood agar indicated the presence oi 
surviving bacteria. The titer of the phages was determined by making 
dilutions in saline, adding bacteria and tlien counting the plaques '' 
dilutions were transplanted and incubated on 1 per cent plain agar p a 
erally, in carrying out phage susceptibilitj" tests, 0.05 c.c. of 
phage, or 0.25 c.c. of E. coli phage, were used in 5.5 c.c. of Sayita 
gether with approximate^' 50 to 60 million bacteria per cubic centime ci. 
tions from this technique are indicated in certain experiment^ .in 000), 

SuLfapyridiiie and sulfanilamide ivere used in a 10"^ dilution • ^ 
which is about the highest concentration which these substances oi nan > 


•Prom the Bacteriological Research Laboratorj- of the Department of Surg n 
Plij-sicians and Surgeons, Columbia University. 

Received for publication, June 27. 1940. 
tObtained in 1933 from Dr. Bulgakov. 

^Obtained in 1933 from Dr. Gratia. 
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in the circulation of treated patients. In order to obtain the necessary con- 
centration, 0.5 c.c. of the 10"^ dilution (1:1.000) of these drugs in Savita bi-oth 
(sterilized by boiling for five minutes) -was added to 5 c.c. of Savita. 

RESULTS 

A. The Effect of Sulfapyridinc (SP) and Sulfanilamide (SN) on the 
Staphijlococcus Bacteriophage Phenomenon 

I. The Degree and Permanency of Bactenolysis Both With and Without 
SP and SX.—Sl phage (slightly weakened by forty-cight-hour standing at room 
temperature) was set up Avilh 15 strains of staphylococci, most of which were 
somewhat resistant to the phage. Two series of tubes containing 5.5 c.c. of 
Savita plus sulfapATidine SP (1:10,000) were emploA'ed. One series Avas 
inoculated Avith 0.05 c.c. of phage and 0.1 c.c. of an eighteen-hour Savita broth 
culture of bacteria (making about 50 million per cubic centimeter), and the 
other series with bacteria alone. Two series of 5 5 c.c. of Savita without sulfa- 
pyridine, inoculated in a similar manner, ser\*ed as controls. The results of the 
test are shoAvn in Table I. It is seen that after four and a half hours’ incuba- 


T.VBLE I 



TIME 1 

o 

.1 

4 

5 

CULTIT.ES 
•5 7 8 

9 

10 

11 

12 

13 

14 

15 

Lysis by phage 

4% hours - 

4+ 

4f 

3f 

;if 

3*^ - 4f 

1+ 

4+ 

4f 

4f 

4± 

4f 

If 

SI in Savita 

hours - 

If 

4J- 


4t 

4- If 4f 

4-'- 

4f 

4f 

4+ 

4+ 

4f 

3+ 


5 days - 

- 

2+ 

2f 

4f 

4- - - 

4- 

4+ 

If 

4+ 

- 

4+ 

2f 

Lysis by phage 
SI in Savita 
+ SP 

4^4 hours - 
22 Vj hours - 
5 days 

4f 

4^ 

4^ 

4± 

4f 

4± 

4+ 

4f 

4+ 

4+ 

4-^ 

4+ 

I* 

4-^ 4f 4- 
4-^ 2f 4- 

If 

4+ 

4+ 

4-*- 

4f 

4± 

4f 

4f 

3f 

4f 

4f 

4f 

4f 

4f 

3+ 

4+ 

4-I- 

1+ 

4f 

4± 

Bacterial con* 4^4 hours - 

_ 

_ 


_ 

_ _ _ 

_ 


_ 

- 



_ 

trol in Savita 

22 hours - 

- 

- 

- 

- 

_ - _ 

- 

- 


- 

- 

- 

- 

Bacterial con- 

4\<y hours “ 

_ 


_ 

_ 

_ _ _ 

- 

- 

- 

- 



- 

trol in Savita 
+ SP 

22^ hours - 


“ 

“ 


_ _ _ 

“ 


■ 

■ 


- 

~ 


4+ =; Complete clearing. 

4± to ± = Different degrees of clearing. 
- = Xo lysis. 


tion, the de^-cc of clearing or growth in corresponding tubes with and without 
SP was essentially the same. After twenty-two and a half hours’ incubation, 
four cultures, only partially clear in the absence of sulfapyridine, were com- 
pletely clear in the corresponding tubes containing sulfapyridine. After five 
days’ incubation five cultures wliieli were cloudy in the absence of sulfapyridine 
"ere completely clear (4*) in the corresponding tubes containing sulfapyridine, 
and two others, which in the absence of SP showed 2+ lysis, were almost clear 

(fe). 

The experiment was repeated with the individual phage No. 43 and eight 
strains of staphylococci, and similar results were obtained. This phage produced 
romplete visible lysis of all tliese strains in the test tubes without SP or SN in 
twenty-four hours, but five of the cleared cultures yielded growth upon plating 
and these tubes became cloudy within .seventy-two hours. The corresponding 
tubes containing phage and either SP or SN not only became clear, but also gave 
“» growth upon plating, and remained clear for fifty days at room temperature 
"'tien examined last. 
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In attempting to explain these results, the question naturally arose Avhether 
this effect was attained through an increase in the lytic power of the hac- 
teriophage or -whether it was due to some effect upon the bacteria. In the series 
of experiments which folloiv we have attempted to answer these questions. 

II. The, Significance of Bacterial Concentration on the Bacteriohjlk 
Phenomenon Both With and Without Sulfapyridine and Sulfunilamkk.— 
Staphjdocoeeus phage mixture SI and single phage BH were tested against four 
strains in amounts of 0.1 c.e. and 0.35 c.e., and 0.6 c.e. of an eighteen-lionr Savita 
culture, -which made suspensions of approximately 50 million, 175 million, and 
300 million bacteria per cubic centimeter (Table II). It is evident that witli both 
SP and SN the small bacterial inoculations gave complete clearing with phage 
w'ith all strains, while the higher bacterial concentrations did not. 


Table II 


CULTURE 


0.1 c.c. 



0.35 C.C. 





Sav. 

Sav. + SP 

Sav. + SN 

Sav. 

Sav. f SP 

Sav. f SN 

Sav. 

Sav. f SP 

Sav. SN 

H 

I 








3f 

4 hours 

4+ 

4-f 

4+ 

4f 

4f 

4f 

3f 

3f 

24 hours 

4+ 

4+ 

4+ 

4'l~ 

4+ 

4f 

4f 

4f 

4+ 

6 days 


4+ 

4-f 

- 

4+ 

4f 1 

- 

4f 

4+ 

D 









+ 

4 hours 

4+ 

4+ 

4f 

4f 

4+ 

3f 

2+ 

t 

24 hours 

4+ 

4+ 

4f 

4f 

4f 

4f 

4f 

4f 

44 

6 days 

- 

4+ 

4f 

- 

- 

4+ 1 

- 



Bu 










4 hours 

1+ 

1+ 

1+ 

+ 

+ 

± 1 

- 

— 


24 hours 

4+ 

4+ 

4f 

4f 

4+ 

4+ 

2f 



(3 days j 

- 

4+ 

4+ 

- 

- 

“ 

•“ 



K 










4 hours 

4+ 

4+ 

4f 


2+ 

2f 

If 

— 

4f 

24 hours 

4+ 

4+ 

4f 

4f 

4+ 

4f 

2f 

2f 

C days 

4+ 

4+ 

4f 

- 

4+ 

4+ 

— 




4+ — Complete clearing and no gn'owth. 
4± to ± = Different degrees of clearing-. 
- = Normal growth. 


III. The Effect of Sulfapyridine and Sulfanilamide Upon the Titet 
Lytic Power of Staphylococcus Bacteriophage . — 

1. The effect after a single twenty-fo%vr-hour passage as compai ed nithf^^^ 
suhsequent twenty-four-hour passages: SI phage was propagated on nine i 
ent strains, and No. 43 phage on three of these nine. After one passage se^^^^ 
of nine sho-wed no appreciable difference between the titers of the San a 

as compared -with Savita plus sulfapyridine. In two, however, tlieie 
appreciable lowering of titer in the presence of the drug. After five pas 
tliere was no increase or deerease in the titer or lytic ability of these p lages, 
no appreciable difference betiveen the Savita phage and those containing 
and SN. 

2. The effect of storage in the refrigerator after a single passage- 
phages SI and 43 rvere pi-opagated at the expense of nine ^ 
respectively, in Savita broth both with and ivithout SP or SN. Tiej 
filtered and placed in the refrigerator. Titrations were carried out 
and again after six days, ten days, and one month. The titer -was 
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unchanged tlirougliout this period both with and without SP and SN, except for 
two phages witli SP, wliicli were of definitely lower titer after one passage and 
remained at tliis titer througliout. 

3. The effect of SI’ and SN on the adaptation of staphylococcus bacterio- 
phage to partially or completely resistant staphylococcus strains: Six strains 
of staphylococci, four of wliieh were partially resistant and two completely re- 
sistant to pliagc, were used for the repeated propagation of phage in Savita 
containing siilfapyridine and sulfanilamide. The propagated phages were then 
applied to the original cultures, and it was found that their lytic power had not 
increased. 

IV. The Effect of Sulfapyridinc and Sulfantlamide on Staphylococci in the 
Ahence of Bacteriophage . — 

1. The effect on five consecutive tu-cnty-four-liour pas.sages in Savita both 
uithand without sulfapyridinc and sulfanilamide: In this experiment, 0.1 c.e. 
and 0.01 c.e. of an eighteen-liour eultiirc of eight strains of Staphylococcus aureus 
(three susceptible, two partially siisecptihle. and three resistant to pliage) were 
inoculated into tubes containing 5.5 c.e. of Savita, Savita plus SP, and Savita 
plus SN, respectively, and inculiated for twenty-four hours. One-tenth cubic 
centimeter of these euIturo.s was tlien transplanted into similar media on four 
successive days. Ecadings were made after tliroe, six, and twenty -four iioiirs of 
incubation, and tlie clear tuhc.s were plated for possiide growtli. Results of the 
effect of SP and SN on the tubes inoculated with 0.01 c.e, of tliosc eiglit cultures 
and their four suboulturc.s in respective media arc pre.scnted in Table III. It is 
seen that all three strains wliieli were completely resistant to pliage were im- 
mediately inliibited by hotli SP and SN, and two of tlieso were completely de- 
stroyed by SP in the course of tlic pa.ssagcs. On the otlicr liand, tlio five strains 
of staphylococci wliieh were completely or partially susceptible to pliage, suffered 
only a transitory inhibition by SP and were practically not affected by SN. 

2. The effect of one twenty-four-hour passage on varying dilutions of bac- 
teria: In an attempt to study the action of SP and SN (dilution 1:10,000) on 
Staphylococcus aureus more closely, 0.1 c.e. of dilutions 10“= and 10-* of eigliteen- 
honr cultures were taken beside tlie dilutions made witli 0.1 c.e. and 0.01 c.e. of 
undiluted culture. In order to ascertain tlie number of bacteria per cubic centi- 
meter of the suspension and its increase or decrease after contact with the drugs, 
u loopful (approximately 0.01 e.c.) of Ihc highest dilution was plated immedi- 
ulely, and again after five and twenty-four liours of incubation. Growth in 
liquid media was followed after five, twentj'-foiir, and forty-eight liours, and the 
clear tubes containing SP and SN were observed during two weeks of incubation, 
fifteen strains of stapliyloeocci, of whicli five were susceptible to phage, seven 
partially susceptible, and three entirely resistant, were used. Representative 
Wiilts of these e.\periraents arc presented in Table IV. An immediate plating 
of 9.01 c.e. of all the tubes which had been inoculated witli 0,1 c.e. of the 10-* 
•lilution of eighteen-hour cultures of all 15 strains showed two to 34 colonies. 
■'Wter five hours of incubation similar transplants showed that the number of 
“Ionics on all plates increased considerably. However, in tlie presence of SP 
dmre were only one-half to one-fourth as many colonics as in plain Savita. After 
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twenty-four hours of incubation the 10-'‘ dilution of each of the 15 ciiltiiros 
groMTi in SP displayed no visible growth. Upon further hiciibation it was noted 
that all but three greiv eventually. Of these three destroyed strains, two were 
resistant to phage and the third was phage susceptible. All three strains when 
inoculated in 0.01 c.c. amounts of undiluted culture ivere again the only ones 
which gave no visible growth in SP tubes. 

The effect of SN, although generally Imver, was most pronounced in regard 
to the same three strains. 

Out of seven strains used in all of the experiments, wdiich were completely 
resistant to phage, six proved to be most susceptible to the bacteriostatic and 
bactericidal effect of SP and SN. 

Of all 15 strains susceptible and partially susceptible to phage, only one 
shoived a susceptibility to SP and SN similar to that of phage-resistant strains. 
Although the others were always affected by SP, they were destroyed by this 
drug onlj’' ivhen they were in high dilution. When the bacteria weie not de- 
stroyed ■within tiventy-four hours, visible growth ahvays developed upon further 
incubation. 

V. Morphologic Changes Under the Action of Snlfapyridine and Sulfand 
amide . — SP and SN not only inhibited the gro'U’th of certain strains in broth, nl 
also altered to some extent the appiearance of colonies wdien subciiltme on a 
blood agar plate. Changes in size, shape, pigment production, and herao jsis 
w'ere observed. Some colonies were degenerated and indented or pin poin w 
size, presenting the appearance similar to changes after contact with ac erio 
phage. Some ivere normal yellowish, some ivere "white, others "weie semi 
transparent, and still others ivere bright .yelloiv. Some colonies were ' 
hemolytic, others w^ere nonhemolytic, while a. few w'ere surrounde } a a o 
zone of hemolysis. One culture treated with SN showed colonies ® 

a double zone of hemolysis. Alicroscopicalb’", the cultures growm in an 
showed the followdng morphologic changes : The size of some of t le 
increased for two to six times. They’’ ivere not as sharply outline , t le s t 
wms less deep, and some seemed to be encapsulated. _ 

P7. Effect of SP and SN on Phage Snsceptihility of 
phage susceptibility test on six strains of Staphylococcus aw eus, w u 
carried out after tw-enty-four and fort-y-eight hours’ contact of the ac eii 
SP and SN at 37° C., showed no change in phage susceptibility ot 
strains. When the susceptibility tests w'ere carried out after iiie 
■\vith SP and SN, the results were inconclusive. Some strains pi,, 

sistant and others became mox’e susceptible. Constant results eou no 
tained. ^ 

B. The Effect of Sulfapyridine (SP) and Sulfanilamide (Shi) Upon tl 

Bacteriophage Phenomenon 5? 

I. The Degree and Permanency of Bacteriolysis Both With and 11 
and SN.— The effect of SP and SN upon E. coli and E. colt 
along the .same lines as the expei-iments with staphylococci. ^ ‘V ° g^-ahis 
results of the susceptilhlity tests of E. coli pliage mixture B aganu ^ ^ 
of E. coli carried out witii 0.1 c.c. of an eighteen-hour culture an 
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phage in 5.5 c.c. of Savita broth -with and without SP and SN (dilution of 
1:10,000). The effect of SP and SN upon the bacteria, in the absence of phage, 
was noted at the same time. From this table one can see that phage in Savita 
alone cleared seven of ten cultures within four hours, but only three maintained 
visible clearing for twenty-four hours, and two of these developed growth upon 
further incubation. The same phage set in Savita, plus SP, produced complete 
clearing after four hours of the same seven strains, and maintained it for 
twenty-four hours. Four of these strains maintained lysis for a week in the 
incubator, while three became cloudy. Two other cultures, which were partially 
cleared after four hours and remained so after twenty-four hours, later became 
a little more cloudy in the presence of SP. One of the ten cultures was com- 
pletely resistant to phage and failed to undergo any lysis even in tlie presence 
of phage and SP. Contrary to the re.sulls obtained with staphylococci, the addi- 
tion of SN to E. coli pliagc-bactcria mixtures bad much less effect than SP. 


Table V 



LYSIS KE.VDINO 

1 

2 

3 

CULTUHES 

4 5 G 

7 

8 

9 

10 

Phage B4 in 

After 4 hours 

4+ 

2+ 

4+ 

2+ 

4+ 

4+ 

4+ 


4+ 

4f 

Saiita 

After 24 hours 

- 

3+ 

4+ 

2+ 

- 

4+ 

4+ 


- 

- 


After 1 week 

- 

- 

4+ 


- 

2+ 

1+ 


- 

- 

Ptafs B4 in 

After 4 liours 

4+ 

2+ 

4+ 

3+ 

4+ 

4+ 

4+ 


4+ 

4+ 

Sivita + SP 

After 24 hours 

4f 

4+ 

4+ 

3+ 

4+ 

4-f 

4-f 

- 

4+ 

4+ 


After 1 week 

- 

3+ 

4+ 

1+ 

4+ 

4+ 

4+ 

- 

1+ 

2± 

Phage B4 in 

After 4 hours 

4+ 

3+ 

4-f- 

2+ 

4+ 

4+ 

4-t 


4+ 

4+ 

Santa + SN 

After 24 hours 


3+ 

4+ 

3+ 

+ 

4+ 

4+ 

- 

- 

- 

CofRtroh 

After 1 week 



4+ 


“ 

4+ 

” 




Plain 

After 4 hours 


_ 

_ 

- 

- 

- 


- 

- 

- 

Savita 

After 24 hours 

- 

- 

- 

- 

- 

- 

- 

- 

“ 

- 

Savita + 

After 4 hours 

1+ 

2+ 

1+ 

2+ 

2-f 

2f 

2+ 

+ 

1-f 

+ 

SP 

After 24 hours 

1+ 

1+ 

1+ 

+ 


1+ 

1+ 

- 

1+ 

1+ 

Savita + 

After 4 hours 

1+ 

If 

+ 

1+ 

1+ 

1+ 


- 

+ 

- 


After 24 hours 

+ 

+ 

+ 

- 

- 

+ 


- 

- 

- 


4+ = Complete lysis. 

3+ to 1+ = Various desrees of lysis, 
i = Doubtful. 

-=:No lysis or normal growth. 

Table V also shows that the SP alone produced a marked bacteriostatic effect 
tipon most of the strains. Tlic effect of SN was less than SP both in degree 
extent. 

The experiment was repeated with 35 more strains of varying resistance to 
p'rage, and similar results were noted. It was found that there was a deftnite 
'wrelation between the potency of phage against a given strain and the degree 
duration of Ij'sis attained by phage upon addition of SP. The cultures 
'vhieh were not completely cleared by phage in plain Savita within eight hours, 
showed, in Savita plus SP, a greater degree of lysis, but still it was not complete. 
. ® cultures which were completely cleared by phage in plain Savita witliin 
C'ght hours, but by twenty-four hours showed a secondary growth, were main- 
lined clear in SP tubes for a period of twenty-four hours or longer. In other 
'rords, the SP prevented or delayed secondary growth. 
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Furthermore, the cultures that remained clear in Savita for at least twenty- 
four hours but gave growth upon plating on blood agar, were completely de- 
stroyed in the presence of SP. The strains that were permanently destroyed 
by phage in Savita were, of course, in no way affected by the addition of SP. 

II. The Effect of Sulfa-pyridine and Sulfanilamide on the Tiler, Lytic Alii 
ity, and Range of Activity of E. coli Phages. — Bacteriophage mixture B4 and the 
individual bacteriophage MK ivere employed in these experiments and were 
propagated at the expense of three different strains. All these strains were 
susceptible to phage B4, but only two of the three were susceptible to phage 
5IK, the third being partially susceptible. The titrations were carried out after 
one and after five tiventy -four-hour passages. At the same time, the first group 
of phages, incubated for twenty-four hours in the presence of SP, SN, and in plain 
Savita, were placed in the refrigerator and were titrated after five days, tivo weeks, 
one month, and six months. When titrated after twenty -four hours’ contact with 
SP and SN, both B4 and MC phages, propagated on three susceptible strains, 
suffered no drop of titer, but in the presence of one of these drugs increased 
tenfold instead of one hundred times as did the control. However, the effect 
of SP was (juite pronounced when bacteriophage MK was propagated at the ex- 
pense of the partially susceptible strain. In this instance, while the titer of the 
bacteriophage was lowered to 10'* in Savita and Savita plus SN, phage developed 
normally and reached a titer of 10' in the presence of SP. This experiment was 
repeated with the same results, and in general confirmed similar findings obtained 
with staphylococcus bacteriophage when these were propagated on the partially 
susceptible strains. 

The titration of B4 and MK after five twenty-four-hour passages showed no 
significant differences in the titer of the phages, whether propagated on any 
of the three strains in SP, SN, or plain Savita. There was also no signific8^'| 
decrease in the original titer after two weeks, or after one month of 
with the SP and SN in the refrigerator at 4° C. A slight decrease of t le ^i^cr 
of phage was occasionally noticed after six months of contact. These resu s 
fully agreed with similar tests with staphylococcus bacteriophages. 

The lytic ability and the range of activity of E. coli phages was usually i 
affected by contact wdth SP, and only when phage was propagated on par w . 
susceptible strains wms the phage with SP slightly higher than its Savita eon r • 

Innumerable attempts to increase the lytic ability of B. coli phaoCS to P 
tially susceptible strains by adding SP ended in complete failure. ^ 

III. The Effect of Sulfapyridine and Sulfanilamide on E. coli 
Their Suhsequent Susceptibility to Bacteriophage. — The 

used as witli staphylococcus cultures. In no case wms there comp etc 

of the strain in the course of several passages when the undilutc 

used and there was no significant difference between the phage-suscep^^ 

phage-resistant strains in their degree of sensitivity to the eftec o 

effect of SN was even less than that of SP. _ 'noeula- 

On the other hand, when the experiments were carried out with 
tion of 0.1 c.c. of undiluted bacterial culture and compared with tic 
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diUltions of the bacterial cultures, it was found that SP occasionally destroyed the 
two higher dilutions, but did not significantly affect the undiluted cultures (see 
laWc VI). The undiluted cultures were in general more susceptible to tbe 
hdermUdic action of SP than the staphylococci, but the higher dilutions were 
less siiseeptildc to the lactcricidal action of SP than the stapliylococci. The effect 
of SN again ran parallel with SP but was always less pronounced. 


TABI4B 

rraOT OP 10-1 Dilotjou of SP and SN on VArjoos AMOusts of B. coU in Samav Bnorn 
IS THE AbSP^CE op BAtTEalOPHAOE 


Culture I (PJiage 
Susceptible) 
Immediate plating 
•i-hour plating 
21 hour plating 
1-liour Savita reading 
24 hour Savita xentl' 

ing 


Culture D (Phage 
Partially Suscepti* 
ble) 

Immediate plating 
4-hour plating 
24‘hour plating 


mg 

4Sbour Savita rea< 
iflg 

Culture hi (Plmgo 
Resistant) 

Ii^ediate plating 
Ihour plating 
-4-hour plating 


mg 

48-liou 

iflg 


O.i C.C. or UNblLUTEb 
CULTURE 

0.1 ac. 

IN DILUTION 

10a 

0.1 c.c. 

IN DILUTION 

30+ 

SP^ SK+ 

SAV. SAV. SAV. 

SAV. 

SP4 SN4 

SAV. SAV. 

s.w. 

SP4 SN4 

SAV. SAV. 




S 

200 

4444 

0 G 

2<5 55 

- 4444 

+•4- 4- 4- 

+ + + + + + -(- -(■-*-4 

+ 

+ 4 -t 4 

4 

4444 

44 

4 + 4+ 44+4 4444 

+ + + 

- 4444 

44 + 4 

~ 4444 




4+44 

7 12 

44 4 + 

4 + 4 4 4 4 

.}-+■ + + 44+ + + + + 

. + + + + +4+ ++ + + 

+ 

+ 4 4 4 

i 4 

•*■4 4 4 4 + 4 

+ 444 

- 4444 

- +4 + 4 4444 4444 

4+ +4 

4 444 +444 

4444 

44 4 4 4 4 




la 

250 

4 + 44 

0 12 

13d 200 

444 + 4444 

4444 4 + 44 4444 
+ + + + 44+ + + + + 

4 

4444 

i i 

444 4 + 4 + 

+ 444 

4 4+44 

- + + + + + + + + + + + + 

+ 444 

44+4 4444 

44 + 4 

4444 4444 


Colony count was made by apreaUing ^Savfta%lus SP, and Savita plus SN 

of dtlution 10'* of clghteen-hour culture in 5.5 cc. ot SaMta. feavira m u» o , 

Upon a quadrant of blood plate. 

++T- 1 - =; Normal growth on plating or m Savita. 

-=:No growth on plating or Savita. beicic the stpallest and 

^444 to ±.-. Various amounts of growth on plating and Savita. - bemg the 
4+4 the most abundant. 

Neither SP nor SN produced any significant morphologic changes in regard 
<0 she, form, or other characteristics of the colonies of E- coli or significant 
microscopic morphologic ehangc.s in the organisms themseUes. 

E. coli strains, which were subeirltured or maintained up to five days m 

ineubator in tbe presence of SP and SN, showed practically no change in 
fteir susceptibility to phage. 
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C. The Effect of Various Conce7itrations of Sulfapijridhic Upon ih 
Bactet'iopliage Phenomenon 

In order to ascertain whether coneentratious other than 1 -10 000 tlQ m» 
per c.it) of SP (which bacteriophage might encounter in S 

bacteria, dilutions of 1:1,000, 1:50,000, 
1 .200 000 and 1 :o00,000 were studied. The action of these dilutions of SP upon 
A. coh and staphylococcus cultures was tested simultaneously and compared ivitl, 
the 1 , 10 , 000 . This earned oat tvith eight stLias ofTch tS 

^ absence of bacteriophage. The experiments sliowcd that 

i 1 :10,000, m conjunction witJi bacteriophage, was somewhat more 

1 1 ••1,000 or 1:5,000 dilutions. The dilutions 1:200,000 and 

I ;5UU,000, on the other liand, liad absolutely no effect upon the bacteriophage 
phenomenon. 


SUaiSIARY 

We are reporting herewith a study of the effect of sulfapyridinc and siilfa- 
111 ami e upon staphjdococeus and E. coli eidtures and their respective phages 
\\it\ regard to the lytic phenomenon. This study was carried out with three 
staphylococcus phages against 50 strains of stapliylococci and two E. coli, 
phages, together with 45 strains of E. coli. 

1. The^ addition of sulfapyridine in the dilution 1 :10,000 to staphylococcus 
and E.^ coli phage suspensions with partially susceptible bacterial strains defi- 
nitely increased the bacteriolysis and often resulted in complete destruction oi 
all bacteria. Tlie best results were attained with bacteriopliages capable of main- 
taining lysis for at least eighteen to twenty-four hours, and with an initial 
bacterial inoculation not exceeding 50 million bacteria per cubic centimeter. 

2. The use of sulfapju'idine with iveaker phages, which maintained lysis for 
less than eighteen hours with 50 million bacteria per cubic centimeter without 
the drugs, usually resulted in prolongation of lysis up to several days, hut com- 
plete sterilization was seldom attained. 

3. Dilution 1:10,000 (10 mg. per cent) of sulfapyridine produced the most 
faiorable effect upon the bacteriophage phenomenon. The effect of dilution 
1 :1,000 and 1 :50,000 was slightly below that of 1 :10,000 SP dilution. Dilutions 
1 ;200,000 and 1 -.500,000, however, did not exert any effect upon tiic bacterio- 
phage phenomenon. 

4. Both sulfapjTidine and sulfanilamide exerted a bacteriostatic as ivclt 
as a bactericidal effect on Staphylococcus aureus and were capable of destro.i- 
ing dilute bacterial suspensions, usually not exceeding 5,000 per cubic centimeter. 
The effect of SP was much greater than that of SN, and this was further sliovm 
hj its pronounced activity against Iiiglier bacterial concentrations. The rapidit.', 
duration, and degree of bacteriostatic and bactericidal effect vai’ied for each 
strain and was most pronounced and complete against six of seven phage- 
resistant strains. 

5. Both sulfapyz'idine and snlfauilaraide were capable of producing macro 
scopie morphologic changes with regard to tlie size, shape, pigmentation, an 
hemolytic properties of the colonies of staphylococci and also certain microscopm 
changes on the organisms themselves. 
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6, Both SP and SN produced some inconsistent changes in the state of 
phage susceptifaiiity of completely and partially phage-susceptible strains, 
a-hercas they had no effect on the state of phage resistance of completely pliage- 
rcsistant strains. 

7, SuifapjTidine possessed a pronounced bacteriostatic and bactericidal ef- 
fect upon 2J. coli, and wa.s capable of destroying a suspension not e.Koeeding 
5,000 bacteria per cubic centimeter of phage-susceptible and partially susceptible 
strains. "When confronted with hcar-y suspensions of these strains, its baoterio- 
statie effect ivas usually more pronotmeed tlmn on similar suspensions of staphy- 
lococci; however, its bactcrieida! power on E. coli was less than on staphylococci. 

8. Sulfanilamide caused no significant change in the degree of bacterial 
lysis of S. colt strains with phage, and had no significant bacteriostatic or bao- 
teiicMal effect on E. coli eultiircs. 

9. Snlfapyridine and sulfanilamide added for tbc first time to staphylo- 
oocens and E. coH phages propagated on susceptible bacteria occasionally de- 
creased the bacteriophage titer (not more than ton times! and its lytic power. 
However, upon repeated passages or prolonged contacts the titer and lytic ac- 
firity of phage usually were re-established to their original level. Preservation 
rf phage in 1 :10,000 dilution of SP for si.v months did not significantly change 
its original titer. However, the adaptation of jrliage to partially susceptible 
strains was more successful in the absence of SP, indicating that SP prevented 
an increase of potency of phages. 

CONCLCSIO.NS 

1. Sulfanilamide and snlfapyridine do not interfere significantly svith the 
i.vtio action of specific bacteriophage on Staphijlococcus oHr'cita or B. coli in 
vitvo when these organisms Me completely susceptible to the corresponding 
phage. 

2. With strains of these organisms, which arc not completely destroyed 
hr the lytic action of the corresponding bacteriophage, the associated use of 
solfapyridine, and to a less extent snlfanilamide, frequently completes the de- 
shnetion of the bacteria in vitro — a synergistic effect. 

S. Sulfanilamide or sulfapjTidinc may he used together with specific hae- 
hriaphagj, in the treatment of staphylococcus or S. coli infections. There may 
ha c synergistic effect with these combinations in vivo. 

•1. Bacteriophage is generally more bactericidal on the corresponding 
sfapliyJococci and E. coli than either sulfanilamide or sulfapyridine. 

5. In the treatment of staphylococcus and E. coH septicemia, the use of 
potent bacteriophage, when it is available, should not he delayed heeanse of the 
ollempted use of sulfanilamide or sulfapjTidinc. 

arnnowiedge the technical assistance of Miss Olga Mordvin and Mr. John T. 
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FAEIATION OP THE OEGANKBD SEDIJIENT POLEOWING PYjffln, 
ADMINISTRATION IN URINARY INFECTIONS* 


A Techkigot to toe Stov op the Oko,«,.e.e„ Stoupt T„„,„ 


Leo D. Braitbekg, B.S., Chicago, III. 


F 


a.e TtTaLTT°' 

is restricled fn o? ^ ‘"“'‘’T ’"^““ons ivns adequately evahiatei ThissWv 
amoT ‘f «1 «.oi «te effect of pjiidta, on the yariation i. tl. 

manly fnr fl nriiiary sediment. Althoiigli it eras nndettaken pii- 

and noefii).' sediment study, observations as to burning, dsnuria, 

tion of fli ^ fofoPully noted in an attempt to correiate tiie redae- 

T)ia f sedinietit \ri(.h a decrease in the severity of these symptoms, 

bv Dtiri' “unorganized” sediment are used as defined 

nafhnincri ” t. paper, granuiai’, epithelial, Wood, and other 

^ ^ ^ organized sediment. The volume of the 

eonsisi I "as selected foi* study because the total sediment, lyhichmaj' 

f +5 ^ extent of tlie tuioiganized sediment, bears no direct relation- 
tJiP rT seveiity of the infection. In a twenty -four-hour urine collection 
the ° ^ unoiganized sediment is a function of the diet, the pH, and 

ti taaiperature. Tlie amount of unorganized sediment is also a fimc- 

0 le uiease enzyme of the bacteria, which acts at various rates, depending 
ipon t e amount of urease, the amount of urea, the amount of buffer phos- 
p la es, t ae ionie strength of the solution, the pH, and the temperature. Thns 
a y 0 uminoiLs precipitate of salts maj^ occur even if only small amounts of 
pus cel s, epithelial cells, and bacteria are present. Since the unorganized sedi- 
depends upon many factors apart from the infection, it is un- 
sa is actoiy material to work with if one is interested in studying the effect 
of a drug in clearing up infections. Therefore, in this report, the aim is to e.x- 
c u e, as much as possible, the effect of unorganized sediment from the detenuina- 
tions of the organized sediment volume. 

'"ork was in pi’ogress the paper of Mornssej’ and Spinelli® vras 
pu sie in which tentative studies of sediment variation following pju’idium 
a nznistration were made. No mention was made as to control or technique of 
their sediment studies. They report “a reduction of one-half to two-thirds of 
the amount of urinary sediment in operative cases when the drug was used. 
Althou gh pyi'idium was given to these patients preoperatively and postope2< 
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tively, it is not specified whothev the sediment studies were mndo prcopcrativciy, 
postoperatively, or both. Since it is stated that tlicse patients were “operative,” 
ive assnnie tliat postoperative determinations ol sediment were made. 

Obviously, sediment studies made soon after an operation arc comparatively 
less significant, since the operation is designed to i-cliove the primary cause from 
which tiic infection developed. Thus the condition should clear up spon- 
taneously. Although the drug may do it faster, it is impossible to separate the 
factor of spontaneous resolution duo to better drainage from that of the action 
of the drug. Only tiioso eases in which iiifcelions persist for months after opera- 
tion were considered suitable for the sediment studies reported hero. 

In selecting material for this study, the following postulates were estab- 
lished .and the choice of patients were so made ; 

1. Low mmprotein nitrogen. Patients with a high iionprotein nitrogen or 
those who sliow extensive kidney damage cannot properly eliminate the 
cduet.* 

2. Demonstrable pus cells in a fresh urine specimen — 6 to loaded per high- 
power field. 

3. No gi-anular, epillielial, or blood easts, and not more than a trace to 1-t 
of albumin. Tliesc findings, if pre.scnt, will give false values to the sedi- 
ment determinations. 

f. No gross hematuria, (!ic variation of wliieh from day to day gives sedi- 
ment values that may have no relation to tlic .severity of the infection. 

5. Female patients only can be used : 

(a) Those who iiavo only a small number of vaginal epithelial cells 
in the urine during the noninenstruai period. 

(b) Tho.se past the menopanse. 

(e) Those who would cooperate in reporting menstrual cycle, so 
that detonninations would not he made during that period. 

6. If the patient is a postoperative case, .sediment studies should not be 
started unless the infection persists one or two months after the opera- 
tion for reasons given in the dhscnssion by Morrissey and Spinelli.* 

h Patients who are being sounded cannot bo used for sediment studie.s, 
since soundings injure the tissues and increase sediment. 


The tweniy-four-lionr urines were collected in brown bottles of from 2 
I liter capacit.r, depending upon the output of the patient. Five eiibie eenti- 
®ctcrs of a 2 per cent alcoholic solution of thymol were added, and the bottle 
I'M rotated so that all of its inferior was coated by the solution. This is pre- 
ttable to adding crystals, since the crTOtals interfere with the reading of the 
sMiinent in the calibrated end of the centrifuge bottle. The daily urine volume 
"as measured, so that results could be expressed in both sediment per 100 c.c. 
sediment. A preliminary twenty-four-hour collection without pyridium 

’PiTidJunj eHmlnat/on product. 
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was tested for organized sediment by the process described below. For approxi- 
mately two weeks sediment determinations -were run on the subsequent twenty- 
four-hour periods. This was done in the same manner as that of the pre- 
liminary specimen, using pyridium in dosages of 600 to 900 mg. per day. 

The tiventy-four-hour specimen was well shaken and a portion of about 
150 c.c. was placed in a beaker. The pH was adjusted to 5.5+ 0.2 using 1:1 
hydrochloric acid or 1 :1 ammonium hydroxide solution. Nitrazine paper was 
used as the indicator. The pH of the urine was checked with a quinhydrone 
electrode, and the results agreed very xvell xvith the nitrazine paper. 

In the case in xvhich the twcnty-foui’-hour urine ivas at a pH of 5.5 or lower, 
an excess of ammonium hydroxide was added until a pH of 7.5 to 8.0 was 
reached, after which the urine xvas then re-acidified to a pH of 5.5. This was 
done to dissolve the conjugated pyridium elimination product which sometimes 
precipitates at these pH values on standing for twenty-four hours and also to 
dissolve any uric acid which might have been precipitated. 

The pH 5.5 was selected because this is near the pH at which urine is 
voided in normal persons and for tlie reasons given in the folloiving discussion. 
At this pH the calcium phosphates, magnesium ammonium phosphates, calcium 
carbonates, and most of the ammonium urates are dissolved. Thus almost all 
the salts on the alkaline side xvhich might oecupy a very large volume and give 
false information to the determination of the “organized" sediment ivill be com- 
pletely avoided. The only salt that will not dissolve readily at this pH is cal- 
cium oxalate, and while it is present in many cases, it contributes a negligible 
amount to the volume of the precipitate. A pronounced case of oxaluria was 
not seen during the course of these studies, even though the normal cases were 
medical students who xvere under great stress and anxiety due to scholastic e.xam 
inations. 

On the acid side, between pH 5.5 and pH 7, there is a danger of some sodium 
urate^ precipitation, but the patients usually have an output of about 2, c.c., 

and in twenty-four hours, at room temperature, very little of the sodium ura e 
will precipitate unless the patient has a fever. 

The determinations of the sediment were run in Goetz pliosphoious cent 
fuge bottles with a volume of 100 c.c. and a tip of 1 c.c. capacity, an cy 
in 0.05 c.c. graduations from which estimations of ±0.01 c.c. could be ma e. 
specimens adjusted to a pH of 5.5, as indicated above, were 
fifteen minutes at the rate of 1,800 +300 r.p.m. At this speed, foi t le giv^^ 
variations in sediment volume are negligible for a few minutes e ore ^ 
the fifteen minutes' interval, so that it can be concluded that ^ 
the sediment has reached a relatively constant point. The nebecula, u m i 
of mucin, is insoluble at this pH. It descends in the centri uge ^ o ^ 
light voluminous opalescent flocculation and is not to be consi eie 
of the organized sediment. The separation betxveen the the 

opaque organized sediment is usually: sharp, so that no difficu ty 
sediment is encountered. In the case that the separation is no is 
ror in reading of about ±0.03 instead of the 0.01 is given, an le 
possible is made. This type of difficulty does not occur veiy o en. 
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It is granted here that in a tAventj'-four-honr specimen, especially in alka- 
line solution, eytolysis tends to deereiiso the sediment volume, but a compensating 
factor of protein swelling tends to keep this error down. Since the sediment in 
succeeding twentj'-four-honr samples of the same patient is compared, this error 
mil be relatively constant over a short period. 




O-ZO g O-SO 40-60 60-a0 BO-lOO 
Percentage ol reduction ot 
the sediment /lOOcc after 
approx. 2 weeks of Pyridium 


Graph 1 — Distribution ot 40 cases of unnarj' Infections with reganl to orranizeti urinaiY 
variation per 100 c.c. of urine following pyridium therapy for approximately two 


this work "was undertaken principally for the purpose of sediment 
shidy, tile symptoms of Inirning and nocturia were earofully noted. In almost 
sh cases in which these symptoms were rcpoi’ted, there was a marked decrease 
in nocturia and in the severity of the burning following tlie administration of 
Pyiidium. Some cases were spectacular with respect to tlic rate at which a se- 
vere burning would disappear, giving evidence of the reported analgesic power 
pyridium. In some of these eases a severe burning would be completely gone 
sfter twenty-four to forty-eight lioiirs^ use of pyridium. Results such as these 
are a confirmation of all tiie clinical studies made by previous investigators. 
This part of tjio work was done in an effort to correlate the reduction and dis- 
! appearance of the sjTnptoms with a decrease in the sediment. 

In Table I no attempt was made to classify the types of cystitis. Not all 
patients were cystoscoped. TJic diagnoses of those patients who were not 
'^jstoseoped wore made on tlie basis of symptomatology and demonstrable pus 
* in a fresh urine specimen. Undoubtedly there were a few eases of pyelo- 
•^Jstitis in this gi'oup. The symptoms of burning, dysuria, and nocturia are 
^'*stcd opposite the percentage of reduction to facilitate comparison, of the symp- 
kmatology changes with the reduction in sedimentation per 100 c.c, Wliere 
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Table P 



F = female, 
inc. = increase. 
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there is a line throiigli the space or* spaces in the symptomatology cohimns, no 
information was available. Gone means that symptoms were present and have 
completely disappeared. Less means symptoni.s were present and the severity 
has decreased considerably. Same means that symptoms were present and that 
they have not improved. None means tliat symptoms were not present. In no 
case was the severity of the symptoms increased following pyridium administra- 
tion. Other symptoms recorded were not put on the chart due to space limita- 
tions. ‘Wherever the expression “sed. per 100 c.c.’^ occurs, it will be understood 
to mean cubic centimeters of sediment per 100 c.c. of urine. 

COJUfENTS 

Table I and Graph 1 show strikingly the effect of pyridium on the reduction 
in the amount of organized sediment in cases of urinary^ infections. Eighty 
per cent of these cases show a decrease in sediment of 50 per cent or more. In 
those cases in which observation of burning and dysiiria were recorded, 95 per 
cent showed a decrease in the severity* or a disappearance of these sy*mptoms. 
As can be seen from the chart, a good coiTclation exists between the reduction 
of the sediment and a decrease in the severity of tlie symptoms. In a few cases 
an improvement of the symptomatology'’ took place without a corresponding 
decrease in the sediment. Normal persons do not have any appreciable or- 
ganized sediment before or after pj’ridium. 

SUilMARY 

1. A technique has boon presented for the determination of the organized 
urinary sediment volume. 

2. Normal persons have a very low organized sediment before and after 
pyTidiiiiu administi'atioii, between 0.0 and 0 02 c e. per 100 c.e. 

3. Pyridium is very* effective in reducing the organized sediment in cases 
of urinary infection, especially' cystitis and pyelonephritis. 

4. With very few exceptions the reduction of tlie organized sediment is 
accompanied by a decrease or disappearance of the subjective sy’inptoms. 
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THE MODE OF ACTION OP BJ? AN^' 


I. Effect op Bran Upon Composition of Stools 


Bernard Pantus, M.S., M.t)., and “Willi Prankl, Chicago, III. 


INTRODUCTION 

’’T^HE extensive use of bran as a laxative and in diets justifies an inquiry into 

Its various properties. This report deals mainly with the physical and 
e emical qualities of bran stools. It is aimed to discover the mode of action of 
lan and to elucidate, as far as possible, the effect tlie alimentary tract has upon 
bran and the effect bran has upon the alimentary tract. 

METHOD OF STUDY 

These investigations were carried out on approximately 200 healthy persons, 
or the most part male medical students between 20 and 30 years of age. A few 
healthy women subjects were also used. 

To make the studies of practical value tliese persons were placed on uncon- 
trolled and unrestricted diets, just as are the public consumers of bran. The 
in iidduals collected their stools in specially prepared asphalt paper hagst 
01 three to six days (prebran period). This control period was followed hy a 
second period, which varied in different experiments from three to fourteen 
days, during which time one ounce of bran (Kellogg’s “All-Bran”) was added 
to the daily diet (bran period). A tliird period of several days followed (after- 
lan period). All persons had normal bowel habits; stools were obtained 
regularly every day witli very few exceptions. 

At present the only consistent criterion of the laxative action of bran is the 
change in stool weight. Whenever this has been definitely increased, we speak 
of laxative action. When the weight is decreased or not changed, it is spoken of 
as lack of such action. It should be admitted that this criterion is not the only 
one. Bulk is perhaps more important, but it has not been possible to measure 
it accurately. The consistency of the stool may be still more important for it 
may possibly be more constantly affected by bran, and “penetrometric” studies 
to investigate this matter are reported. The frequency of the stools is 
portant, but it was not possible to secure a record that gave significant results in 
these normal persons of fixed habits. The rapidity with which the bran stool 
marked with barium passes through the alimentary tract has been carefu j 
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studied,’ but it does not seem to give better results than those based upon 
the weight, and a comparison of the results using weight as the criterion with 
results using speed as the criterion will be discussed in a subsequent report. 

Bran contains approximately 8 per cent of crude fiber. Thus the usual one 
oimce serving of bran supplies only 2.4 Gm. of this material. This crude fiber 
comprises about 2 per cent of the total dry stool weight. Obviouslj-, the bulk- 
forming properties of bran arc not due to this small quantity of crude fiber 
per se. 

The hydrophilic properties of bran crude fiber are negligible. Therefore, 
water absoiptiou by bran crude fiber is likewise eliminated as an important factor 
in the formation of bullry stools. 

A change in stool consistency almost always appears after the ingestion of 
bran; bran stools are generally softer. The change in consistency could not be 
accounted for by changes in moisture content, since this varied little from the 
control stools. 

To determine moisture, about 2 Gm. of well-mixed stool were weighed on a 
watch glass and dried in an oven at 100° cooled, and weighed again; the 
dicing and weighing were continued until the wciglit was constant. 

In one series 7 persons (1S.4 per cent) showed no change in the moisture 
content of bran stools. Eight persons (21 per cent) showed a decrease in 
moisture content, the decrease being slight (average 4.5 per cent, maximum 
6 per cent). Twenty-three persons (C0.6 per cent) showed an increase in 
moisture to a very slight degree (average 4.9 per cent, maximum 17 per cent). 
Bran stools definitely appeared soft, but it is impos.sible to distinguish between 
5 per cent increase or decrcaso in water content by the appearance alone. 1711116 
moisture may play a jiart in the increased softness of bran stools, the increase 
is not sufficiently constant to account for any substantial change in consistency. 
The softness is, no doubt, also due to gas. To determine whether softness is a 
constant change in all bran stools and to express the change quantitatively, 
pcnetroinetrie studies were undertaken. 

PENETROJtETEB STUDY 

The penetrometer is intended to measure the consistency of homogeneous 
materials. Stools arc not homogeneous and, in addition, the quantity of gas 
wliich is present before e.xpulsion of the stool from the gastrointestinal tract is 
no longer present. Gas is lost in transferring the specimen from the original 
container to the measuring apparatus and during the testing. Thus far the 
results of the penetrometric studies iiavc been entirely unsatisfactory. 

SPECIFIC GRAVITY OP STOODS 

Attempts to measure accurately the gas content of stools have thus far 
proved unsatisfactory. A considerable portion of gas is lost at defecation and 
during transportation, storage, and the handling of stool specimens. 

Bran stools, probably due to gas content, have a lower specific gravity than 
control stools. It is, therefore, probable that the increase in bulk is actually 
Sreater than the increase in weight, in some cases to a considerable extent. 
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Hoivever, an attempt ivas made to develop a metliod for measuring the 
specific gravity of stools. None of the methods recommenclecl in the literatoe 
proved satisfactoiy for the purpose. A liquid ivas required that would not dis- 
solve or penetrate into the stool ; therefore, water and similar fluids were ex- 
cluded. After searching for a nonaqucous liquid and one that would not 
evaporate too rapidly, a petrolatum-bcnzin (10 per cent benzin) mixture was 
chosen. Approximately 5 Gra. of feces were placed in a weighed graduated cen- 
trifuge tube carefully weighed again and the peti-olatum-henzin mixture was 
added from a burette up to the 15 e.c. mark. The xveight of the specimen divided 
by the difference lietween 15 and the number of cubic centimeters of liquid added 
gives the specific gravity of stool. 

A comparison of weight and volume in the bran and afterbran periods 
showed that in some cases the difference in bulk is mncii more obvious than that 
in weight. This method was aliandoned because of difficulties encountered in its 
use. 

CHEMICAL EXAMINATIONS 


The pH of the stools, the total fat content, the amount of volatile fatty acids, 
and the relative proportion of butyric to acetic acid umre detei’mined. 

Olmsted® stated that the laxative effect of bran is produced in large part by 
the volatile fatty acids originating from the breakdoivn of bran by bacteria. 

Hydrogen-ion determinations (pH) were made using a quinhydrone elec- 
trode potentiometer. Solid stools were diluted two to three times with saline. 
In one series, the stools of 86 persons (65.4 per cent) showed a slight decrease m 
hydrogen-ion concentration, and those of 19 (34.6 per cent) showed a slight in- 
crease during the bran period. 

The stool fat -was determined hj’’ adding a quantity of 1 per cent 
hydrochloric acid solution equivalent to five times the weight of the sample. is 
mixture was stirred well and dried on a water bath. The product ohtaine vvas 
extracted in a Soxhlet for twelve hours with ether. This procedure giies e 
total amount of nonvolatile fatty acids. During the bran period IS per 
67 persons showed an increase in stool fat content, and 82 per cent showe 
decrease. 

Kjeldahl nitrogen determinations ivere made on a known qnantffy 
stool. The nitrogen content of the stools was examined in the prebran, r 
and afterbran periods of some of the individuals who were on eontro e ^ 
An increase in nitrogen was found dui-ing the bran period, probab y 
more rapid passage of the stools through the gut. The increase in nitrOoen 
not very marked and soon returned to normal in the afterbran period. 

The volatile fatty acids in the stools were determined by 
their salts by the addition of a stronger acid. About 150 c.c. o 
oxalic acid and water were added to approximately 10 Gm. o le ^ 
(accurately measured) in a flask which was connected to a con 
The acids which passed over with the steam were taken up in a loiovn ^ 
N/5 sodium hydroxide. After the distillation was finished, t le ^ 
titrated with N/5 sulfuric acid. The difference between the amoun 
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in the receiving flask before distillation and the amount after distillation as 
indicated by the titration with N/5 sulfuric acid, gives the quantity of volatile 
fatty acids. 

These volatile fatty acids arc found to be composed chiefly of acetic and 
bntyrie acids. However, there is no correlation between an increase in stool 
weight and the relative proportion of acetic to butyric acid. 

The amount of volatile fattj- acids varied greatly in all the experiments. 
No uniform relationship between butyric and acetic acid was noted. Volatile 
tatty acids are present in the gut combined with cations, such as potassium 
and caleiuni. It must be considered doubtful wlietber the salts of these acids 
contribute to the laxative action of bran. A very careful statistical study of 
the question showed that the correlation between volatile fatty acids and 
laxative action (as measured by increa.sed .stool weight) is so slight (0.09) 
that it cannot be considered significant from the statistical standpoint. 

CONCLUSIONS 

1. The most significant change in stools following the addition of bran 
to an uncontrolled diet is a softening and an increase in stool weight. 

2. Bran stools show an increase in bulk greater than the increase in 
weight. There is little variation in the percentage of water. 

3. There is an increase in volatile fatty acids, chiefly acetic and Inityric 
acids, but this increase is not proportional to the increase in weight. 

4. The proportion of acetic to bntyrie acid showed no consistent correla- 
tion with laxative action as measured by an increase in stool weight. 

Wc are grateful to Misa Elizabeth M. Adlcs for assistance in statistical studies 

Protocols for nil experiments nro available. 

ItEPERENCES 

1. Fantus, B., Kopstein, G., and Schmidt, H.: Roentgen Ray Study of Intestinal Motility 

as Influenced bv Bran, J. A. M. A. 114; 404, 1040. 

2. Olmsted, lY. H,, Curtis, G.^ and Timm, O. K.i Cause of Laxative Effect of Feeding 

Bran Pentosan and Cellulose to Man, Proc. Soc. Exper. Biol. & Med. 32: 141, 

1934. 



QENERal 
1'BB production 

brains 

J- - 

B«-D., JUJ, 

jiietJiod used f — 

®od4o2on 2 of so-, 

foi- i-ecordino- ^ J'«jectiiio- sidisf-,, tubes iuto tJie s] 

compression Pressures ^^’^a^’achnoid sj 

subject is T ■ «« a ^ ^o«to cere! 

method ill their interesting: p„ j • histoneal rev 

'=«''■«« inc«,si„l '.*®' *'"°''««ing thf^T “"I ««i <4e s. 

^Periments paraffl “,!i“‘'“."“' Pr«m'c and wUnarV'''”*™*’'" “ 

that occasioned In- ,- ^ ^"^octed, and tliev nofer? 

'■« p-.aw nTC •^'-BUnoZiTr ; "" 

introduced into o^m- a nerini? ^ 

Sehnlten’s tube bas ^ of tbe effell controlled in itj 

^oen fljjed ® .^®cn modified to resemhh ^ ■^'‘‘>" 

mixture Ztl l ^<^itene7Ta 

3). Onlt fr relatively inlrf ^ ® ®^cli daj, and 

^on eaeb e\’7.-^ ^^^omniation was ohscr of time employed 

screwed into a tr under asentie around the wax. 

^0 *P-a ™de^“f‘' '■"’«« fl.eXd :,r ‘1°"1' “ ^'■'"“ I''"" “ 

afterwards tfie t;? • ^ cut awaw h ^ f” all 34 eats were used. 

”’®‘ "f «.e “cats,"'® ™™dT Tnr *■'"* ™ ■'"’'’'“‘'O 

ttie general liealtfi J cerebral bemi^ 

^'^cre tested at about dadt t ^ by Bard 

or ^^cfore and after the caps 

■|» MvSfor'SfM^fVS'Sif;”*' ’•■'m”.'"™'' ''"'■"•»>• sa,„, „ n..„,„., 

“' ..... ., 

1778 


WARD-CLARK ; AIITIPICIAI, TUMORS IN BRAINS OP CATS 


1779 


were turned down. Observations on the optic disks, and x-ray pictures of the 
sfalis of some of the animais were made at longer intervals. Meningitis and 
brain abscesses developed in .several of the animals and these were discarded. 
With the nppoaranoo of pressure symptoms, the eats were anesthetized ivith 
nembutal, and the vascular system was injected with 10 per cent formalin. The 
brains were then removed for gross, and in some instances microscopic, examina- 
tion. 

RESULTS 

It was found that the shape of the tumors could be controlled within limits 
by varying the relative concentration of wax and lipiodol. Miisiiroom-shaped 
masses lying under the dura were produced by the use of a mixture pre- 
dominantly lipiodol (ratio 5:1). Long cylindrical masses were fonned when the 
mixture was chiefly beeswax (Fig. 1 ). Spherical tumors lying below the surface 
of the brain were formed when a mixture of two parts of lipiodol and one of wax 
was used (Figs. 2 and 4). 

Histologic examination of tlie tumors and surrounding brain tissue in sec- 
tions stained with hematoxylin and eosin showed that tlic foreign body produced 
its direct effect by compression, displacement, and distortion of the normal 
architecture of tlie brain, and indirectly in some instances by blockage of the 
cerebrospinal fluid passages so timt hydrocephalus developed. A complete fibrous 
capsule containing capillaries, and continuous with the dura was found around 
most of the tumors (Fig. 3). Tlic pia-araeiinoid appeared to be fused with this 
capsule at the surface of tlie brain whore tlie greatest proliferation of fibrous 
tissue was present. A small number of leucocytes was found in the capsule, 
particulariy on its inner surface, and some fibrin. No changes in the character 
or number of the supporting cells of the brain tissue itself were observed with the 
lieaiatoxylin and eosin stains. 

A modified Weigert’s stain was applied to sections obtained from the brain 
of Cat 5. The rounded tumor (Pig. 2) was located just back of the motor area 
imder the lateral gjwus on the right ; it had penetrated 2 cm. downward into the 
brain, pushing the corpus callosum downward about 8 mm. Sections through 
tile brain about the foreign body showed, as might be expected, a marked de- 
creased staining capacity of the myelin sheaths of the fibers in the corpus 
callosum immediately under the mass. Thirty-seven days elapsed during the 
production of the mass, and approximately 1 e.c. of the wax mixture was in- 
jected. 

In these e.xperiments the first effect of the increasing size of the foreign body 

a disturbance of the normal placing reactions. This was true no matter 
"’liere the grease cups were located. However, different placing reactions in 
different legs were primarily affected, depending on the location of the masses, 
fbe order of appearance of deficiencies in the placing reactions resulting from 
Wax tumors placed on different areas appears to offer some evidence as to the 
jacalization of these reactions in the cortex. On the other hand, for proper 
mterpretation, it must be considered that transmitted pressure can be an im- 
Poefant factor in the production of these deficiencies. 
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The accunmlation of a mass in the middle portion of the anterior sigmoid 
gyrus, a region Imown to be a contralateral foreleg area primarilj^, produced 
first a defieiencj^ in the abduction response in the contralateral foreleg. In 
another animal, pressure of the foreign body on the posterior sigmoid gjTus 
led to a deficiency in the contact response in the contralateral forelegs and hind- 
legs first. This evidence of localization is to be expected, since this region, which 
has been shown to be the cortieal area of motor representation for these extremi- 
ties (Ward and Clark^), has also been shown by stryelininization (Dusser de 
Barenne®) to be a part of the area for sensor j’- representation of the contralateral 
foreleg and to a less extent, the contralateral hindleg. 
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Fig. 1. — Cylindrical foreign tody formed over a period nnd herniation of tl 

down 14 times, one turn each time). Marked hydrocephalus develop^, 

cerebrum (tentorial surface) under the bony tentorium is seen at arrow. ^ (turns) inor?' 

Fig. 2. — Spherical foreign body formed over period of with Weigort's stain 

ments of wax were added. A degeneration of the myelin sheaths was no ^ 

in the corpus callosum. rallosum from cat s 

Fig. 3. — Section through wall around the foreign ^°dy_and the corpus H. & " 

brain pictured in Fig. 2. Ependymal lining of lateral ventricle seen n 
Oil X215.) 
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In contrast to the relatively imtnediatc deficiencies tliat occurred when the 
foreign bodies were placed in the anterior one-third of the brain, an increasing 
delay in the appearance of symptoms Avas found when the masses were more and 
more posteriorly placed ; that is, more increments of wax (from 3 to 10 turns 
of the grease cup) were required before tlie appearance of placing reaction 
deficiency. 



f , - 


.4, X-ray pictures of spherical foreign body formed In nineteen days (15 turns). 
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In 8 eats with masses on the posterior two-thirds of the cerebrum, the first 
alteration of the normal activity was noted to be a slowing in the contact reaction 
in the contralateral hindleg. Bard and Brooks have shown the integrity of the 
placing reactions to be dependent on the area immediately around the cruciate 
sulcus and the most anterior end of the lateral gjTus. The results of experiments 
in wliich the masses were located in %'arious parts of the posterior tivo-thirds of 
the cerebrum demonstrate the effect of the pressure exerted either on a “center,” 
or on nerve pathwaj'S leading to or from such a “center.” It does not appear 
likely that the cortical “centers” subserving the placing reactions are those 
affected by the pressure of these remote masses, because when pressure is exerted 
direetlj* against these regions, either different placing reactions or combinations 
of placing reactions are affected first. A selective effect of pressure transmitted 
dovuiward to the centrifugal or centripetal cortical pathways appears to offer 
a more likely explanation. Whether this is due to a selective loss of function like 
that which occurs with pressure on a peripheral nerve (Gasser and Erlanger ), 
or whether it is the result of pressure on the blood vessels supplying these regions 
is not loioivn, 

Kemissions of symptoms frequently occurred when more than twentj-four 
hours elapsed between successive additions of wax. This is illustrated in an 
animal (Cat 19) with the grease cup on about the middle of the right latera 
gjTus close to the midline. The cup was turned dorni one turn each day for t e 
first seven days. The contact placing reactions after the first forty-eight ours 
became progressively’’ slower and smaller in both hindlegs. The responses o e 
forelegs remained normal. No increment was added on the eighth day, an ui 
in the next twenty-four hours all reactions became normal. The contact 
in the hindlegs again was slightly’’ reduced on the eleventh day after ^ ^ 
of wax ivere resumed on the ninth and tenth day’s. X-ray’ pictures o o s 
showed that the mass occupied a position on both sides of the mi me m 
posterior one-third of the cerebral cranial cavity’ (Fig. 4). ^ 

The location of the masses in the cranial ca’idty’ appeared definitely i 
to the time of appearance and intensity of the sy’mptoms of compression.^ 
slowly’ enlarging foreign bodies produced displacement of the brain 
in some instances this displacement was enhanced by’ the additrona ^a 
hy’drocephalus, the hydrocephalus being caused by the indirect b 
drainage passages of the cerebrospinal flirid by the foreign bodi^. ggYeral 
vealed the presence of pressure cones in the animals that survixe 
weeks or more, though dilated ventricles were present only in some o 
those xvith undilated ventricles the tumors xvere frequently’ large an ^ 
situated so as to produce most of their displacement from the fron o 
cavity’. When situated more posteriorly’, tumors formed by s dilated 

frequently added increments of wax tended not to be associate wi 
ventricles, even though tumors similarly situated did lead to is en 
if they were formed more rapidly’. In all probability the factor o r 
accounts for the lack of early’ symptoms in certain human cas&s m 
mous, slow-growing tumoi’s hax’e ex’entually’ manifest themselx es. 
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As the ivax masses were increased in size, the effects on the animals presented 
a iairly constant pattern. A blurring of the edges of the optic disks with en- 
gorgement of the reins was seen. The eats sat very quietly, back humped, nose 
dosTi, neck extended, feet bunched. lYhen they were handled, they were found to 
he tense and at times cried angrily and lashed their tails. They were usually un- 
steady on their feet, and the placing and hopping reactions were lost in all legs. 
They appeared to prefer to lie on the side opposite the mass if the mass was 
definitely asymmetrical in its position. The pupils were usually dilated and 
responded to light slightly, or not at all; and vision appeared to he impaired in 
that the animals often ran into objects as they moved about. 

Terminally the animals exhibited some of the symptoms oharaoteristic of 
decerebrate rigidity. They were no longer able to stand, and their heads and 
necks were thrown back. While the cats were lying undisturbed, their forelegs 
were extended and retracted, and their hindlegs were partially flexed. The 
Stntz reaction was easily elicited in the forelegs. Local reflex activity was unim- 
paired. Slow running movements occurred at times in the course of this stage. 
Death followed shortly. For example, in Cat 34 the mass was located close to the 
midline and in the middle third of the cerebrum and had been produced rapidly 
(16 turns, 2 each day). Death occurred on the eighth day, though no symptoms 
appeared until the seventh day. Autopsy showed slightly dilated ventricles, a 
cerebral herniation at the tentorium and a cerebellar pressure eone at the 
foramen magnum, A bony tentorium ccrebelli in the cat is probably responsible 
for some of the sjTnptoms of deccrebration that arc to bo observed in these acute 
stages. Compression of the brain stem nnder the tentorium occurs with the 
herniation of the pnlvinnr and the tentorial surface of the cerebrum. This 
herniation was observed in all animals allowed to go to this advanoed stage 

(Pig. 1). 

SUMMARV ANO CONCLt’.SIONS 

The experiments demonstrate a method whereby foreign bodies that simulate 
growing benign tumors can bo placed on various parts of the brains of animals. 

The masses give rise to localizing symptoms, and a chronic state with 
evidence of increased intracranial pressure can he produced. 

An aento state of increased intracranial pressure may develop with rapid 
injection of the wax mbxture ; hydrocephalus may develop and become a factor 
in the production of the symptoms. Some symptoms of decerebration charac- 
terize this state. 

The masses can he visualized in the living animal by x-ra.v pictures. 

The experiments indicate in another way that parts of the motor area in the 
cat subserve certain placing reactions in different oxtremitie.s. Of these placing 
reactions it was found that the contact reaction was the most labile in that pres- 
sure exerted on parts of the eerchrnm other than the motor region caused an 
elimination of this reaction before abolishing the others. 
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A METHOD FOR PREPARING SMEARS AND SECTIONS OF 
ASPIRATED STERNAL JIARROW"'' 


Harold Gordon, M.S., M.D., Louisville, Ky. 


T he diagnostie value of biopsie.s of sternal marrow is so firmlj’ established 
that the time ma}^ soon arrive ivhen failure to examine the marrow of a 
patient with an obscure hematologic disorder ivill have medicolegal significance. 
Many instruments liave been devised, and several methods have been suggested 
to facilitate the procedure of sternal biopsy. Tliese fall into tivo general cate- 
gories : aspiration and trepanation techniques. The latter possesses a niimher 
of advantages as pointed out by Custei',^'® Damesbeh, HensteU, and Valentine, 
and Hynes, ° It also has important limitations, as emphasized by loimg an 
Osgood.® Some workers have devised instruments Iw nieans of which soi 
fragments of spongy bone may be removed from the sternum by a modi e 
trephine technique, l « However, all the various trepanation methods have the 
serious disadvantage of being relatively formidable procedures which canno 
be repeated at short intervals. The advantages of the aspiration teclmiT 
are so many that it is the method of clioiee of most clinicians. It has one set o 
drawback — the lack of organized tissue makes impossible a ivell-orieiite s 
of tissue relationships. In order to overcome this difficulty, it has een 
gested«'» tliat smears may he made of some of the marrow and the 
be allowed to clot. The clot may then be fixed, embedded in celloidin or 
sectioned and stained, Reich,’^ and Vogel, Erf, and RosenthaP^ gthod 

the maiToiv by centrifuging it and made smears from the buffj^ coat. i6 m 
described below is a further modification of the foregoing and permits « 
ing of smears from sternal marrow both before and after concentration 
trifuging, as well as the preparation of tissue sections. It requires no 
instruments, avoids excessive hemodiliition, and yields material w im 
quate for diagnosis in almost every instance. 

‘From the Department of Pathologj", School of Medicine, UniNcrsip of XjO 
Beceived for publication, August 30, 1940. 



OOKDON; SMEARS AND SECTIONS OP STERNAL MARROW 


1785 


METHOD 

All IS gauge spinal puncture needle is filed through li/g inches from its 
shaft, its point is rebeveled, and a fine mark, 0.6 cm. from the tip, is made on it 
ivitii a file. The purpose of this mark is to provide a convenient guide whereby 
the operator may judge the depth of penetration of the needle when in use. 
The usual thielmess of the outer table of the sternum is 0.4 cm. ; hence, when the 
file mark is flush with the skin, the point of the needle is usually within the mar- 
row cavity. The puncture site, preferably in the midline between the second 
and third ribs, is cleansed with iodine and alcohol and infiltrated with novocain 
solution. The novocain should be injected into the skin, subcutaneous tissues, 
and periosteum. The puncture needle, with stilet in place, is pushed through 
the soft tissues and into the outer table of the sternum. The operator should 
hold the needle in such a way that the file mark is grasped firmly between his 
thumb and index finger, while the broad base of the needle fits snugly into the 
palm of his hand. This enables him to push the needle into the marrow cavity 
without losing control of the instrument. 

Penetration of the cortex of the bone is facilitated by rotating the needle 
slowly os it is pushed in with a steady iiressure. ^Yhen the file mark is flush 
with the skin, the stilet is withdrawn, and a 5 or 10 c.c. syringe is fitted to the 
needle. Trial aspiration is made by applying negative pressure to the sju-ingo. 
Usually marrow mixed with blood is obtained at the first trial. Sometimes it is 
necessary to remove the syringe, replace the stilet, and go a little deeper in order 
to obtain marrow. This happens especially if the patient is obese, or if the skin 
is edematous. Experience soon permits the operator to gauge the thickness of the 
subcutaneous paniiiculus while ho is infiltrating the ti.ssues with novocain. If, 
in his judgment, the soft tissues are unusually abundant, he may hold his thumb 
and index finger “stop” a corresponding distance above the file mark, which is 
based upon the average thickness of the soft tissues and the outer table of the 
sternum. The sternal marrow should be withdrawn rapidly, using strong 
negative pressure. This occasions a moderate feeling of discomfort but aids in 
dislodging minute plugs of marrow. It is not advisable to withdraw more than 
l.d c.c. of marrow in order to minimize hemodilution. As soon as the syringe is 
filled to the 1.0 c.c. mark, the needle and syringe should be withdrawn, and their 
contents emptied into a small test tube containing sufficient dry oxalate to pre- 
vent clotting. Pressure is then applied to the sternal puncture site and a sterile 
dressing is affixed. 

Smears are made immediately from the “oxalated” marrow, dried in air, 
Mid stained with Wright’s stain. The undiluted stain is allowed to act for 
two minutes, care being taken to avoid evaporation and precipitation of the 
stain. If some of the stain becomes precipitated, an additional drop or two will 
dissolve the precipitate. The stain is diluted with distilled water and allowed 
to remain on the slide for six to eight minutes longer. The stain is washed off 
'vith distilled water and the smears may be examined immediately, using the 
low-power objective to ascertain ivhether or not they are satisfactory for diag- 
Eostio purposes. If the smears are considered satisfactory, the remainder of 
Ibe marrow is centrifuged at low speed for fifteen to twenty minutes. The 
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clear supernatant fluid is pipetted off, and additional smears are made from the 
concentrated buffy layer. These are stained with Wright’s stain as previously. 
The remainder of the marrow is removed gently from the tube and placed on 
a small piece of dry filter paper, to which it will adhere firmly. The filter paper 
with adherent marrow is placed in 10 per cent aqueous solution of formalin, 
dehydrated in alcohol, cleared in xydol, embedded in paraffin, and sectioned. 
The sections should be from 4 to 6 microns thick, and several duplicate sections 
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meats arc found, the smears still are available for examination. One other point 
is worthj’ of empliasi.s ; in no instance ha.s sternal puncture caused local im- 
plantation metaatases in mj- experience and no instance of such a sequel can bo 
found in the available literature. This is of considerable practical importance 
and is veiy remarkable in view of the fact that thoirsands of sternal punctures 
have been performed during the past few ycai-s. It is all the more significant 
irlien it is considered that many of these punctures revealed the presence of 
a variety of malignant neoplasms in the stci-nal marrow. 
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2 — sternal marrow obtalnccl by aspiration. Hematoxylin and eosin stain. Magniflca- 
piJ* I’O d ameters (approximately). The marrow was aspirated from a patient with diuuse 
B it ^ cell myelosis, ^'ote the small vessel In the center and the groups of plasma cells In the 
^“Jacent perivascular spaces. 


SUHMARY 

A method is described whereby sternal marrow may be obtained by aspira- 
hon and prepared in the form of both smears and tissue sections. 

Attention is directed to the fact that no examples of implantation metastases 
“3ve been encountered following aspiration of sternal marrow. 
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ISOPEOPYL ALCOHOL AS A DEHY'DRATING AGEtNT AND 
PRESERVATIVE FOR BIOLOGICAL SPECIMENS* 


Carlton M. Herman, Sc.D., San Diego, Calif. 

D uring recent years isopropyl alcohol has been coming into wider use 
as an antiseptic and sterilizing agent, but little emphasis has been placed 
on its applicability to general biological routine processes in the laboratory, s 
use in the latter connection was first pointed out by Griffin.^ Isopropj 1 alco lo , 
CjH-OH, is an inexpensive by-product of tlie oil industry, with properties wrj 
similar to ethyl alcohol. It costs less than tax-free 95 per cent ethyl a co lo^ 
It is not palatable as a beverage and is not subject to the extensive hon 
responsibilities required in the use of tax-free ethyl alcohol. It is a vater c 
liquid, completely miscible with distilled water. It is sold comma cia 
auhj'drous isopropyl alcohol, ivitli less than 1 per cent of water and ot ler i ^ 
purities, and as such acts as well as absolute ethyl alcohol in 
cedures. In the preparation of histologic and pathologic material, it is e 
of ethyl alcohol as a dehydrating agent, preservative, and solvent 
We have used it extensively in the staining proeedui’e for the ^ 

parasitic protozoa in fecal smears ndth excellent results. In fact, ve 
tirely replaced it for eth 5 d alcohol for all purposes in onr lahoiatorj. 

reference 
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A PBACTICAL JIKTHOD FOR INTRASTATE EVALUATION OF THE 
PERFORMANCE OP SEROLOGIC TESTS FOR SYPHILIS* 


S. R. Damon, Ph.0., and 0 Bkououer, B.S. 
Montoosieky, Ala. 


INTRODUCTION 

npHE improvement of laboratory tests used as aid.s in the diagnosis of disease 
i is a matter of fundamental importance, not only to the medical profession 
bat also to the public as ivell. Refinements in technique and new discoveries 
have added much in accuracy in recent years to many laboratory tests ; however, 
constant vigilance must be exercised to insure that new procedures do not 
sacrifice too much in specificity in the effort to attain speed and sensitivity. 

In those states where tlie State Department of Health maintains a Bureau 
of Laboratories, consisting of a central latioratory and several branch lab- 
oratories, and in those states wliere private clinical laboratories are officially 
authorized to perform certain kinds of examinations, under .supervision of the 
State Board of Health, some means of cheeking jierformanee is essential. This 
is tme particularly where laws arc in effect rc<iuiring certification of freedom 
from venereal disease, based on physical ex.amination and certain laboratory tests, 
before marriage licenses may be obtained. Usnally these tests consist of 
serologic tests for syphilis, and, whore indicated, mieroscopic examinations of 
smears for evidence of gonorrhea. It is true, of course, that wliilo the results of 
these laboratory tests per .so are not sufficient grounds for denial of a license, 
the actual tests performed sliould, nevertheless, be of the highest degree of re- 
liability, i.e., they should be above question as to their sensitivity and specificity. 

A survey of the literature relating to the serodiagnosis of .syphilis is likely 
to leave one confused due to the multiplicity of tests from which to choose. It 
should be remembered, however, that in the last analysis the value of any 
technique depends, first, on its specificity, that is, its failure to give positive 
reactions in conditions other than syphilis ; and second, on its sensitivity, that 
K the proportion of actually sj'plulitie patients detected by the test. The very 
multiplicity of available procedures, and the conflicting claims made for them, 
is sufficient indication that the perfect test has not yet been devised. The most 
practical way of evaluating this or that particular technique is, therefore, by 
properly controlled comparisons on parallel scries of specimens. 

SER0L081C CONFERENCES 

Within recent years several official attempts have been made to evaluate the 
Pierits of various complement fixation and flocculation procedures. In the first 
place conferences were conducted by the health organization of the League of 
Sations in 1923, and 1928, and 1930, at which duplicate samples of some iiun- 

•From the Alabain,i State Departnunt of Public Health. JtontBonierj'. 

Recclvea for publication, September 11. 1940. 
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dre* o( sera were tested by the aerologists who had derised diagaosfie test, 
01 sypililis, each, serologjst perforining his oivn test. 

Subsequently, the first attempt in the United States at determining th 
relative values of various techniques was made in 1934-1935, under tlieloiiit 
auspices of the United States Public Health Service and the Amerioan Soeieti^of 
Clinical Pathologists. Still later, another evaluation study was carried out in 
1937, and others followed in 1938, 1939, and 1940, the scope of participation 
having been broadened to include not only laboratories of the originators of 
tests but also most state laboratories and some municipal laboratories as well. 

As a result of these comparative studies it has been slioum that there arc 
at least five serodiagnostie tests for syphilis which are satisfactory in both sensi- 
tivity' and specificity as long as the technique of the originator is strictly ad- 
hered to. However, the studies also showed that marked variations were ob- 
tained by laboratories using supposedly the same procedure when the directions 
for performance given by the originator of a test were not strictly followed. 

As an ontgro%vth of these evaluation studies, critical reviews of procedures 
have been .stimulated, with the re, suit that substandard or obsolete techniques 
have been abandoned and emphasis has been placed on the importance of strict 
adherence to all the minor teelmical details of a described procedure. The net 
result has been a marked improvement in the sensitivity and specificity of the 
serodiagnostie tests for syphilis routinely' carried out in the participating lab- 
oratories. 

THE PROBLEM IN ALABAMA 

For many years the Bureau of Laboratories of the Alabama State Board of 
Health has attempted to attain uniformity of procedure in its central and 
branch laboratories by' various means, including the use of check specimens. 
Efforts have also been made along this line in cooperation with hospital and 
private clinical laboratories within the state. 

Cheek specimens for the evaluation of serologic tests for syphilis have 
been somewhat of a problem, however, since completely' authenticated specimens 
from known syphilitic and nonsy'philitic persons, in numbers necessary for ade- 
quate evaluation, such as have been furnished in the interstate evaluations of the 
United States Public Health Service and the intrastate evaluations conducte 
in Marydand^ in 1939-1940, and in Georgia- in 1940, have not been available. 
Aa a substitute for such specimens, and as a means of making possible contuui 
ous weekly' checks of serodiagnostie tests for syphilis, the following procedure 
has, therefore, been used for some time in Alabama. 

METHOD 

The primary assumption of this method of evaluation is that certain sero 
diagnostic tests for sy'pliilis have already been demonstrated to be satisfactory 
by the United States Public Health Service. Consequently, evaluation o m 
ability' of a procedure to detect diminishing amounts of reagin in diluted 
mens constitutes an adequate check on the sensitivity of the test in ^ . 
oratory being checked. Sufficient negative sera are included over a perio 

time to evaluate specificity. 
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Blood specimens received in the central laboratory for serologic test for 
syphilis are first tested routinely by means of the presumptive Kahn test. Sera 
that give a negative result by this test, rvhieh are to be lised in the preparation of 
cheek specimens, are set aside and later retested by the presumptive Kahn test, 
ming the serum undiluted and in a 1 ;5 saline dilution, to assure against technical 
errois and prozones. Sera reacting negatively to these two tc.sts are pooled for 
use in preparing cheek specimens. Diagnostie sera giving any degree of reaction 
in the presumptive Kahn test are stihjcctcd to the standard Kahn test; sera 
giving a strongly positive reaction with the standard Kahn test are also pooled 
for use in preparing cheek specimens. The pooled negative sera and the pooled 
positive sera are Seitz-filtered separately, to free them from bacteria and unde- 
sirable precipitates; such filtration has caused no difference in reactivity so far 
as parallel specimens have indicated. 

Eight dilutions of positive in negative scrum — 1 .2, 1 -.4, 1 ;5, 1 ;8, 1 -.10, 
1 :16, 1 :20, and 1 ;30 — are prepared in sterile flasks These dilutions are most 
easily prepared by making basic dilutions of 1 2 and 1 :5, and preparing the 
higher dilutions from these. These dilutions are transferred to sterile, corked 
tuhes, serially numbered in groups of 10; the numbers on the tubes purposely 
hear no relationship to the dilution of serum ; the ninth and tenth tube in each 
group are for the inclusion of one tube of undiluted positive scrum and one tube 
of undiluted negative serum. Approximately 200 c.c. of negative serum and 
50 c.c. of positive scrum have been found ample for preparing the 10 check 
specimens for 12 to 15 lahoratoric-s. Sets of tubes are assembled, and a sheet of 
instructions as to tlio inactivation and the metliod of reporting results is in- 
cluded, and the specimens are mailed to the various laboratories simultaneously. 
When the results are received, tliey are tabulated as shown in Table I; errors 
are checked and a copy of tlic composite results is .sent to eaeli serologist. 

INTERPRETATION OP REPORTED RESULTS 

Prom Tables I and II it appears that any laboratory which obtained a 2+ 
or stronger reaction in its diagnostic test with these particular sera in a 1 :5 
dilution was running a satisfactorily sensitive test, and for that reason a line 
is drawn across tlie tables after the 1 :5 dilution. Any laboratory which failed 
to get a positive reaction in this dilution was considered as conducting an in- 
sensitive test. If any error is made in the choice of this critical dilution, it is 
helicved that it is on the side of conservatism, since it is thought that an effort 
to obtain maximum sensitivity may result in a certain number of false positives, 
i.e., some loss in specificity. 

In Table I it appears that laboratories 1 and 2 underread or overread the 
sera diluted 1 :16 and 1 :20, and tliat laboratories 2 and 6 performed supersensi- 
tive presumptive Kahn tests. It also appears that laboratory 7 underread the 
1:1 or overread the 1 :5 dilutions of its standard Kahn test, whereas laboratory 9 
performed an undersensitive presumptive Kahn test. 

In Table II, on the particular day these specimens were examined, lab- 
oratories 13, 14, and 15 conducted nndersensitive complement fixation tests, 
and laboratory 13 an nndersensitive standard Kahn test. In laboratory 12 
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underreading in tlie loiver dilution or overreading in the higher dilution seems 
to have occurred in the 1 :8 or the 1 :10 dilution in the presumptive Kalm test, 
and in the 1 :16 or the 1 ;20 dilution in the standard Kahn test. The same error 
seems to have been made in laboratorj'- 14 in the 1 :4 and 1 :5 dilutions in tlie 
Wassermann test. In laboratory 10 a certain degree of false positive reaction 
was obtained in the negative control serum with an Eagle flocculation test. 

SUMMARY 

A plan is presented for the conduct of serologic check testing ivhich is be- 
ing used with success by the Bureau of Laboratories of the Alabama State De- 
partment of Public Health. The plan has several important advantages. It is 
inexpensive. It utilizes materials available in the laboratory every da}'. It 
enables checking of performance at weekly intervals throughout the year. By 
including enough frankly negative sera Avitli those that contain varying amounts 
of reagin, it checks on both specificity and sensitivity. It readily indicates errors 
in technique, and it encourages revisions in procedure. 

CONCLUSIONS 

1. Intrastate evaluations of the performance of serologic tests for syphilis 
are of great value, not only to the participating laboratories but also to the 
phy'sicians and to the public. 

2. To be of greatest usefulness the evaluation of performance of seiodiaj,- 
nostie tests for sj^philis must be made at frequent intervals. 

3. A loractieal method for conducting intrastate evaluations of serologic 
tests for sjqihilis, based on the “horizontal method of analj'sis, has een e 
scribed. 

4. The method described is economical and checks both specificitj an 

sensitivitjL . . . j 

5. On the basis of check testing by the method described, 

to assist any laboratory in improving its performance of serodiagnostic es s^ 
syphilis through inspection, and the instruction of serologists in the ureai 
Laboratories of the State Department of Health. 
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A SIMPLE MODIFICATION OP WELTMANN’S COAGULATION 
REACTION* 


David H. ICung, M.D., Los Axoeles, Calif. 


N umerous investigators abroad, and Kraemer," Levinson, Klein, and 
RosenWum“- in tlii-s country, liave c-sfablished the value of Weltinann ’s 
serum coagulation reaction for diagnosis and prognosis. However, the original 
technique is too eumbei-some to be used as routine procedure. It involves the 
frequent preparation of ten solutions of calcium chloride, a set-up of at least 
ten test tubes, and a water bath. The modification outlined here requires only 
one test tube, one standard solution of calcium chloride, and 0.1 ml. of serum. 


Table I 


TUBE 

I 

It III IV 

V 

VI 

vn 

vin IX s 

Welttnanii'a method 

CaCVl,000 

1.0 

0.9 0.8 0.7 

O.C 

0.5 

0.4 

0,3 0.2 0,1 

mg. CaClj/5 ml. 

5.0 

4.5 4.0 3.5 

3.0 

2.0 

2.0 

1.5 1.0 0.5 

Modification 

ml. of 1% CaCl, 

0.5 

0.45 0.4 0.35 

Exudative zone 
Shift to left 
Siiort band 

0.3 

0.25 

Normal 

0.2 

zone 

0.15 0.1 0.05 

Pibrotic zone 
Shift to right 
Long band 


Principle. — 1:50 dilution of normal human scrum with distilled water 
does not coagulate on heating unless a bivalent electrolyte, such as calcium 
chloride, is added to make a concentration of 0.4 to 0.5 per thousand. Sera from 
conditions where exudation prevails, such as pneumonia, acute rheumatic fever, 
and exudative tuhcrculosis, require an increased concentration of electrolyte 
to one per, thousand and more. On the other hand, sera from cases where 
fibrosis and liver damage are prominent, snch as fibrotic tuberculosis, subacute 
atrophy of the liver, cirrhosis of the liver, and septic conditions, coagulate with 
very low concentrations (0.1 to 0.3 per thousand). 

Weitmann placed into ten test tubes 4.9 mi. of solutions, ranging from one 
ira thousand to 0.1 per thousand of crystalline ealcium chloride. The integral 
amounts to 0,1 per thousand or 0.5 mg. calcium chloride per 5 ml. This amount 
is contained in 0.05 ml. of a 1 per cent solution of calcium chloride, which is the 
standard solution used in the modification. 

Technique . — ^Into a medium-sized test tube (about 6 bj^ 0.5 inches) place 
■4-9 ml, of distilled water and 0.1 ml. of clear nonhemolytic serum. Add from a 
ml. pipette 0.05 ml. of 1 per cent calcium chloride (equal to 0.5 mg.). Shake 
and bring to a boil over a small flame. Cool and repeat the procedure until 
floccula tion has taken place. Note the milligrams necessary to produce floccnla- 

p *rVom the Arthritis Clinic and Department of Laboratories, IVhite Memorial Hospital, 
'-oHcge of Medical Evangelists. Los Angeles. 
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tion. Table I gives tlie conversion into the corresponding calcium chloride con- 
centration and also for comparative purposes the number of the tube of Welf- 
mami ’s original reaction. Violent boiling should be avoided because it may kad 
to foaming and loss of fluid. The observation for floceiflation should be made 
after cooling. In practice it is not necessar.v to proceed bv single units of 
0.05 ml. 

The first boiling can be done after the addition of 0.15 ml. of calcium chlo- 
ride. This is still lower than the concentration necessary for the flocculation of 
normal serum and is characteristic of fibrotie processes. If the serum is from 
known exudative cases, such as pneumonia or active tuhercnlosis, the test can 
be started by the addition of 0.25 ml., the upper normal range. After one has 
acquired enough experience, he can judge the amount of turbidity after the 
first boiling approximately how many more units of calcium chloride will still 
be required, thus shortening the test. 

A slight increase in dilution of serum occurs h,v the addition of calcium 
chloride to the 1:50 dilution. For the whole range of the lYeltmann test the 
error is not greater than 1 to 10 per cent, wliieh is compensated by the loss of 
fluid through boiling. A eomiiarison between the original Weltmann test pd 
the modification in 61 eases showed an aveimge difference of less than one tube. 
In severe exudative cases, such as pneumonia, where flocculation may occur 
far beyond tlie range of 1:1,000 (Weltmann ’s tube I) 15 to 20 lubes would 
have to be set up. By the modification the severest stages are conveniently uud 
quantitatively determined by the simple addition of the number of units of the 
calcium chloride necessary for complete flocculation. The results of the test in 
307 cases are summarized in Table II. 


Table II 


condition 


Pneumonia 
Bronchitis, influenza 
Pulmonary tuberculosis 
Tonsillitis 

Inflammation of gall bladder, urinary 
bladder, sinuses, prostate 
Fibroid tumors 
Carcinoma 

Pregnancy, post partum 
Arteriosclerosis, hj'pertension, chronic 
myocarditis and circulatory dis- 
orders 
Appendicitis 
Chronic gonorrhea 
Sj-philis 
Goiter 
Gout 

Infectious, rheumatoid arthritis 
Osteo-arthritis 


NUMBER or 
CASES 


31 
6 

29 

14 

34 

5 

7 

32 
23 


16 

5 
9 
7 

6 
48 
35 


maximum minimum 

(ML. OP 1% each) 


1.0 

0.45 

0.65 

0.45 

0.55 

0.5 

0.5 

0.45 

0.7 


0.65 

0.55 

0.4 

0.3 

0.35 

0.55 

0.45 


0.3 

0.2 

0.15 

0.2 

0.15 

0.2 

0.15 

0.15 

0.2 


0.15 

0.2 

0.2 

0.15 

0.3 

0.15 

0.15 


average 

'm59 

0.35 

0.S6 

0.26 

0,3 

0.35 

0.26 

0.25 

0,25 


0,28 

0,32 

0,2S 

0.27 

0.33 

0.30 

0.27 


The cases were not selected as to stage or complications. Tie 
values indicate the degree of exudation which is brought about ^ 

by the disease, such as pneumonia or active tnbemilosis, or ij m 
tissue destruction and inflammation, such as occur in carcinoma. 
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values are cliaracteristic for subsidence of exudation, development of fibrosis, or 
a combination of both processes in the chronic stages. 

Of the modifications which have been published abroad, Havas’ micromethod 
retains the cumbersome original technique. The only advantage is reduction of 
the necessary reagents and serum to one-tenth of that required by the "Weltmann 
method. Teufel’s modification uses the same principle as described in this 
paper, but employs only 0.5 per cent calcium chloride. The error of dilution 
is, therefore, doubled. To deliver live calcium chloride he uses special droppers 
which are expensive, not easily available, and introduce another error because 
they do not deliver the exact unit of calcium chloride that is required. 

I wish to express my appreciation to I)r. Orlyn B Pratt, director of tlie laboratories. De- 
partment of Pathology, WiiUe Memorial Hospital, College of Medical Evangelists, for providing 
the facilities of tlie laboralorj* for this work. 
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NITRIC Am SULFURIC ACIDS. A COLORLESS CLEANING MIXTURE 
FOR GLASSWARE 


AValteb C. Torie, Ph.D., Old Oreenwifh, Conn. 


]V yjANY scientific workers are apparently umuvare of tlie useful properties of 

a mixture of nitric and sulfuric acids for cleaning glassware. 

The most commonly used cleaning mixture consists of concentrated sulfuric 
acid containing dissolved sodium or potassium dichromate (or better, chromium 
trioxide). "When freshly prepared, this makes an excellent cleaning solution, 
l^ut it rapidly becomes spent with use, turning green oudng to the I’editciion of 
file chromium trioxidc by organic materials on the glassware. More of the 
chromium compound may then be added, but the mixture soon heconies so thick 
and pasty that it must be discarded. Tliis mixture has the further disadvantage 
of having a very dark color, so tliat it is extremely difficult to find small objects 
and to remove them from the bath. Furthermore, it is claimed*^ that traces of 
chromium Avhich adhere to the glass can only be removed by very extensive 
washing, and, therefore, may contaminate biological materials which subse- 
quently come in contact with the glass. This is especially true in the case of 
fritted glass filters. Traces of chromium have a stronglj’' toxic action on. many 

biieroorgauisms.^ 

A mixture of concentrated sulfuric and nitric acids has none of these dis- 
advantages. A cold mixture containing about 10 per cent of nitric acid by vol- 


Recelved for publication, September 11 . 1910. 
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ume is very effective in removing traces of grease from glassware (siicli as 
pipettes or microscope slides) after a few hours’ immersion, When hof, the 
mixture is extremely effective in oxidizing large amounts of organic material 
(such as resins, oils, or dried biological fluids) adliering to the glass. In so 
doing, it often takes on a brown color due to partly oxidized organic matter and 
liberated nitric oxide, but upon continued heating to- complete oxidation, the color 
of the bath will return to light j'eUow or light yellow green. Too much organic 
matter rvill consume the nitric acid, in which case more can be added as needed. 
It should be stirred in well, preferably after the mixture has cooled. 

If much cleaning is done a convenient method of use is to maintain a bath 
of sulfuric acid in a large evaporating dish or other acid-resisting container on 
a gas range or electric hot plate under a hood, and to add a small amount of 
nitric acid with thorough stirring at the beginning of each day’s work, before 
turning on the heat. A duriron dish is extremely desirable, and avoids the 
danger of breakage which is alwa3m present with porcelain or glass containers. 
The nitric acid should be rvell stirred into the cold sulfuric acid, othermse it 
will form a laj'-er on the surface and will evaporate rapidly as the bath becomes 
hot. Such a cleaning bath may be maintained for several months, and need only 
be discarded when the sulfuric acid has become viscid by the slow accumulation 
of inorganic salts from the oxidized materials. 

The mixture has the disadvantage of fuming somewhat when exposed to 
the air, especiallj^ when heated ; hence to avoid breathing the irritating fumes 
it should be used in a hood with a good current of air. As with the dichromate- 
sulfuric acid mixture, great care should be taken to avoid splashing the mixtiu’C 
on the hands or clothing, since severe burns maj’’ result. Steel crucible tongs 
are useful in removing glassivare from the bath, and such glassware should be 
well cooled under the hood before rinsing with water. If exposed to the air foi 
several daj^s without heating, the mixture will absorb atmospheric moisture an 
increase in volume, but the absorbed Avater rapidly evaporates Avhen the bat zs 
heated again. 

The use of chlorates or perchlorates in sulfuric acid cleaning baths has 
sometimes been proposed, but such mixtures are extremely dmigeious on aceoun 
of the explosion hazard and should always be avoided. Sodium or 
nitrates have also been used, but they have no advantages over nitric aci . 
addition of any solid salt will make the batli viscid and shorten its use u 

Care should, of course, be taken not to heat the mixture so hot 
fumes of sulfuric acid arise, since this Avill cause a large loss t ® 
enough nitric acid is present, verj'^ gentle heating is usually su cien . o 
most organic materials on the glass. 


REFERENCES 
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FREEZING OF TISSUES WITH “DRY ICE” FOR MICKOTOJIE 
SECTIONING OF THE ENTIRE BRAIN' 


Theodoek S. Rosen, and Geoegh W. LuniNSKy, A.B. 
New York, N. V. 


I N RECENT YEARS, solid carbon dioxide (“dry icc“) lias been used in freez- 
ing tissues preparatory to sectioning and has been found to have many ad- 
vantages over tlic gas. Lindsay and co-workers,’ and Dunn- described “dry 
ice” attachments for freezing .small blocks of tissue, which can be used with the 
standard freezing microtome. Jlason’ devised a method of using the rocking 
microtome for sections frozen witli carbon dioxide gas. 

IVe have constructed a “dry ice” atlacliment hy which coronal sections of 
the entire cerebrum may be easily frozen and cut on the larger sledge type 
celloidin microtome (Jlinot-MacCalliim). For those laboratories which possess 
a microtome that can accommodate sections 4 by 4 inches (Minot), a smaller 
attachment was constructed. With this attachment, a coronal section of one 
cerebral hemisphere, the lia.sal ganglia, whole animal brains, infant brains, 
kidneys, spleens, etc., may bo sectioned. 

FREEZING APFARATUS 

The freezing attachment consists essentially of (1) a metal plate upon 
which the slab of ti.ssue is frozen, and (2) a means of liceping the “ice” which 
in turn chills the tissue, at the same time anchoring the tissue to the plate. 
Freezing will not occur unless the “ice” is in contact with the plate. After the 
"ice” is removed, the hardening process continues from the cold plate. With 
a thin plate, the freezing process is rapid ; a thicker plate slows the freezing 
process but retains the cold longer. 

The freezing plate of the larger apparatus consists of sheet aluminum, Ys 
inch thick and measuring 6i/4 by 5 inejics. This is screwed to a bakelite box,t 
measuring 6i%c by Silo by 2%;, inches, of whieli it becomes tlie roof. The end 
of the box is cut away-, and n wooden drawer is built to fit snugly into the box 
through this end. The drawer (Fig. 1, D) contains a slab of “dry iee” (7) 
which is forced against the aluminum plate (P) by a false bottom (F) mounted 
oil spiral springs (S'). The springs slide on thin metal tubes (?'), eacli 
of which surrounds a bolt (B) which is fastened to tlie floor of tlie drawer by a 
”“1 (N). At the free end of the holt, a washer (/i) and nut (47) limit the upper 
ttcursion of the false bottom. The washer (IF) helps keep the spring in place. 
The bakelite box (A') is screwed to the object clamp supporting base of the 

microtome. 

IM,. the Department of Neuropatholosy, Colleee of Physicians and Suraeons. Columbia 

ersitj’, and the Neurological Institute of New l.ork. 
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To anchor the tissue more firmly to tlie freezing plate, moistened filter paper 
may he interposed, or deep grooves may be cut into the plate. 

The smaller apparatus consists simply of an electrical conduit bo.x, 4 by 4 
by 1% inches, and a false bottom of hard rubber mounted on springs, as in tlie 



Pig. 1. — Diagram of freezing attachment See text for explanation of letters. 




mi 


freezing plate and pa™' 

Pig. 2.-TOP View Of =arger^fre^eHng at«^^ 

larger apparatus. The cover of the box is used as the freezing plate No 
is used in this ease, men the tissue is frozen, the freezing 1 
and the “ice” is removed. The plate is then screwed m p ace, 
in tlie object clamp of the microtome, and cutting can begin. 
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TECHNIQUE 

The brain is fixed for ten days in 10 per cent formalin and then cut into 
slices 1 cm. thick. A slab of brain is placed on the freezing plate and“dryiec" 
is placed in the freezing chamber. A glass di.sh is inverted over the tissue. The 
freezing process varies according to room temperature. Ordinarily the “ice” 
is removed in about five minutes. Tlie hardening process continues for a few 
minutes after the “ ice ” is removed. The surface of the section should he blotted 
free of water to prevent the formation of ice. Sections 20 to 30 microns thick 
may be obtained. The sections are brushed into a pan of water where they are 
straightened out without difficulty. They are easily transferred from dish to 
dish during the staining process by means of a large perforated flat spoon 
previously described by Lubinskyu^ Further technical details are well outlined 
in Christeller ’s Atlas^ and may be found in Abliott’s translation.® 


ADVANTAGES OF “dRY ICE” METHOD 


1. The attachment for freezing coronal sections of the entire cerebrum can 
be made with materials costing less than $2.00. The smaller attachment costs 
about 30 cents. This is a small fraction of the price for a large carbon dioxide 
gas attachment. No special microtome is required. Using the principles de- 
scribed, one may devise an attaclrment to suit anj'’ microtome. 

2. When carbon dioxide gas is used for freezing coronal sections of the 
cerebrum, a large tank is soon exliausted. “Dry ice” costs only a few cents a 
pound. A pound of “ ice ” can be used for freezing two or more coronal sections. 

3. The freezing proce.ss with “dry ice” requires about five minutes and sec- 
tioning may proceed for ten to fifteen minutes. Because of this long intena , 
some serial sections may' be obtained and little tissue is lost in preparatory cu 
ting. According to Christeller, the freezing process with carbon diomde gas ^ ^- 
quires twenty* to thirty' minutes for large sections, and with this met lo on j 
few minutes are available for sectioning before refreezing is necessary . 

4. The attachment requires little space and is easily transporte 

We wish to acknowledge our indebtedness to Dr. Tracy Putnam at 
work was undertaken. 
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AN EFFICIENT OXYGENATOR FOR BLOOD* 


John H. GroBO>.’, Jr., JI.D., and Charles W. Kraul, A.B. 
Philadelphia, Pa. 


i iV AN EARLIER publication* a method of introdneingf oxygen into blood iFas 
described. It consisted of producing a thin film of blood on the inner surface 
of a vertical revolving cylinder. The apparatus was not capable of introducing 
oxygen rapidly enough for the experimental purposes for which it was designed. 
In thepr&sent report a larger ei’linder of improved t)csign, capable of introducing 
60 per cent more oxygen into blood, is described. 

The principal feature of the apparatus is a vertical steel cylinder, 24 inches 
in length and Si/^ inches in inside diameter (Fig. 1). The cylinder is supported 
by two sets of roller bearings noth circular racere. These allow the cylinder 
to revolve around a vertical axi.s. The racers are in turn supported by a vertical 
steel pipe 4 inches in diameter, with a wall % inch thick. The pipe is 40 inches 
high, mounted on a steel base, 12 by 20 inches in area. Revolution of the 
cylinder is accomplished by a one-quarter horse power A C. motor, attached by 
a pulley and Y-belt to a vertical segment of a steel sphere covered with hard 
rubber (Pig. 1, side view) . The convex surface of the segment of a sphere is 
pressed by a strong steel spring against the beveled edge of a steel collar that 
encircles the revolving cylinder. Revolution of the spherical segment produces 
rerolution of the cylinder by this sliding friction drive that has a contact of 
about one-half inch. The spherical steel segment can be moved about a horizontal 
a-xis in such a way as to shift the frictional driving surface from the center to the 
periphery of the spherical segment. This shift is capable of varying the speed 
from 60 to 360 r.p.m. This is an improvement upon the previous method* of 
changing the rate of revolution of the cylinder by varying the armature re- 
sistance of a D.C. motor. 

In the old apparatus great difficulty was experienced in producing a rust- 
proof inner surface for the cylinder. In the present apparatus a ‘‘SIicarfa”f 
cylinder % inch thick fits snugly within the steel cylinder and prorides a smooth, 
mst-proof surface for the film of blood. The lower end of the cylinder is tapered 
from within outward to a knife edge. A chrome-plated copper eup slides up over 
tbe lower end of the cylinder, overlapping the cylinder by 1% inches. The 
space between the lower, sharp end of the cylinder and the inner wall of the 
stationary cup is less than 1 mm. The lower part of the cup is funnel-shaped 
and terminates in a central aperture % inch in diameter, from which a tapered 

the Harrison Department of Surgical Research, University of Pennsylvania Schools 
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collar extends domiward. Over this tapered collar is slipped the neck of a glass 
cup with a similar taper. The junction between the ground-glass neck and the 
metal collar is sealed with stopcock grease, and the glass cup is held in position 
by two small springs extending from the glass cup to the bottom of the metal cap. 
Both the metal and the glass cups are jacketed separately to permit the circula- 
tion of water between the walls in order to maintain the blood at the desired tem- 
perature. 






1 if 


Fig. 1.— Photographs of oxygenator. Front and side views. 

The greater portion of the space within the revolving center 

by a closed, stationary cylinder, as in the previous model. „„ of oxy- 

of this closed cylinder passes a tube which is used to convey Tiortion of 

gen and carbon dioxide at a rate of 5 liters per minute to le ^ 

the inside of the apparatus. The oxygen mixture then i u P 
contact with the inner wall of the revolving cylinder. ^ oarbon 

paratus for perfusion, a mixture of 95 per cent dioxide con- 

dioxide is used so as to maintain an approximately n 

tent in the blood. 
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Blood is introdviced at the top of the cylinder through a stainless steel tithe 
having a 2.5 mm. bore. The tube is curved and its end is flattened so that it 
delivers a fanlike stream of blood against the inner wall of the revolving cylinder 
in the direction of revolution and tangential to the curved surface of the cylinder. 
The tube is locked in position on the inner stationary cylinder, but is detach- 
able for cleaning. When blood is pumped tlirough this inlet tube onto the upper 
part of the inner surface of the cylinder while it is revolving, a film of blood is 
established in a horizontal hand about 4 inches high around the upper part of the 
cylinder. At the lower margin of this band the film of blood breaks up into 
vertical rivulets of blood approximately 0.5 cm. in width, spaced at intervals 
of 2 cm. Under these circumstances relatively small amounts of oxygen are 
introduced into the blood. Consequently, it was found necessary to prime the 
cylinder with blood in order to establish a film. This priming can probably 
be accomplished in a variety of ways. It was found simplest to wipe the vertical 
length of the cylinder with a gauze sponge while the cylinder is revolving and 
Ihe blood is flowing in at the top. Once the film is established, it will remain as 
long as the cylinder is revolving and Wood is flowing in at the top ; but both the 
revolution of the cylinder and the flow of blood may be stopped simultaneously 
for brief intervals without the loss of the film. 

The optimum rate of revolution of the cylinder is in the neighborhood of 
250 r.p.m. Faster rales have not facilitated tlie introduction of oxygen into 
blood. With slower rates the film of Wood on the inner surface tends to split 
up into rivulets when the flow of blood through the oxygenator is small. Foam- 
ing occurs only if air enters the tubing through which Wood is being pumped into 
the oxygenator, 

INTRODUCTION OP OXYGEN 

The amount of oxygen that can be added to Wood by tiiis apparatus was de- 
termined in the following manner ; Venous blood was continuously withdrawn 
irom the superior vena eava of an animal and pumped into the top of the oxy- 
genator. The oxygenated Wood was pumped back from the cup at the bottom of 
the cylinder into the femoral artery in a central direction. The pumps used 
"ere of the constant inoection roller type as modified by DeBakey= and driven 
by an electric motor.® The rate of the pumps was varied by an armature re- 
sistance, and the speed of the motor was read directly on a speedometer. The 
aatput of the pumps was calibrated by measuring the delivery of Wood at dif- 
iwent rates of revolution after the experiment. Cats were used in five instances, 

3 to 5, Inclusive, in Table I ; and dogs in si.x instances, Nos. 6 to 11. Several 
weks prior to the experiments on the cats, the ribs overlying the pericardium 
"We excised and the pericardium was sutured to the chest wall just beneath the 
skin. The pulmonary artery could thus he exposed and clamped without pro- 
ducing an open pneumothorax. In all the cats the pulmonary artery was eom- 
plctely occluded. During the period of occlusion the circulation of Wood through 
tbe animal was maintained by the mechanical pumps, and the respiratory func- 
‘iun of the lungs was performed by the oxygenator.® To obtain a larger flow 
blood dogs were used in the last six ohscrvatioiis in Table I. In these animals 
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the pulmonary artery Avas not occluded. In observations Nos. 8, 9, 10, and 11 
the dogs Avere alloAved to inhale from a spirometer filled AA'ith 85 per cent nitrogen 
and 15 per cent oxygen in order to decrease the saturation of the venous blood 
Avith oxygen. In all the experiments sufficient heparin AA-as giA’en intraATiiously 
to prevent coagulation of the blood. Simultaneous samples of blood Avere Avith- 
draAAui under oil from the tubes leading to and from the o.xygenator. The 
samples Avere immediately analyzed for oxygen and carbon dio.xide content and 
oxygen capacity. The determinations AA^ere made in duplicate. The greatest 
difference betAveen duplicate samples in oxygen content Avas 0.15 volumes per 
cent, and in oxygen capacity it Avas 0.20 Amlumes per cent. 


Table I 


OBSERA'A- 

TION 

NO. 

OXYGEN 
CAPACITY 
(VOL. %) 

S.ATUEATION 

OXYGEN 
ADDED TO 1 
BLOOD 1 

(C.C./100 
C.C.) i 

BLOOD FLOAV 
(C.C./MIN.) 

OXYGEN 
ADDED TO 

BLOOD 

(C.C./SIIN.) j 

' carbon 

1 DIOXIDE IN 
OXYGEN 
(%) 

% 

BEFORE 1 

% 

AFTER 

1 

16.75 

57 

99 

6.88 

130 

8.94 1 

5 

2 

17.01 

36 

99 

10.57 

240 


0 

3 

14.51 

58 

93 

5.19 

255 


6 

4 

14.76 

72 

95 

3.52 

270 

9.50 

5 

5 

14.23 

41 

99 

8.35 

285 

23.80 

5 

6 

17.32 

72 

96 

4.11 

370 

15.21 

5 

7 

21.90 

73 

92 

4.24 

375 

15.90 

5 

s 


48 

82 

7.39 

380 

28.08 

5 

9 


40 1 

72 

7.04 

395 

27.81 

0 

10 


32 1 

64 

5.41 

420 

22.72 1 

7 

11 


64 

95 

6.71 

455 

1 30.53 

0 


The results are arranged in Table I in order of increasing blood floAAX It can 
be seen that up to rates of 375 c.c. per minute the blood leaAung the o.x3"genator 
is adequatelj' saturated Avith oxj'gen at A’-aiying degrees of Amnoiis saturation. 
In three instances (Nos. 8, 9, 10) the saturation of the blood leaA'ing the oxj 
genator AA’as beloAv 92 per cent. In one of these, No. 10, tlie blood aaos oiilj ^ 
pier cent saturated, but there Avas marked A-enous unsaturatiou ; a gasmixtiue o 
93 per cent oxA^gen and 7 per cent carbon dioxide A\"as passed tliiongh the oxj^ 
genator instead of the usual mixture of 95 per cent oxj'gen and 5 per cent cai ^ ^ 
dioxide. In this experiment the carbon dioxide content of the blood 
the oxygenator aa'Os 51.23 Amlumes per cent, AAhereas in the other ten 
carbon dioxide content Amried betAA^een 42.83 volumes per cent and 30. ^ , 

per cent. In Nos. 8 and 9 there Avas also a marked unsaturation of a enous 
and the Aoav AA-as relatiA’ely large. 


HEMOLYSIS 

To maintain normal function Avhen perfusing an isolated kidnej 
ably important to avoid hemolysis in the blood used for peifusion.^ 
in L p^ion ot the entire body of an animal it mmt be 
avoid hemolysis. To determine the degree of hemolysis pro 250 c.c. 

genator, blood Avas aUoAA-ed to Aoav into the apparatus Srayi N 
burette at a rate betAveen 250 and 350 c.c. per mmu e ( 
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used to perfuse cats of average size). Blood was drained from the glass cup 
at the bottom of the o.xygenator into a flask which was intermittently emptied 
into the burette rvhich supplied blood to the oxygenator. The total voliune of 
blood used in these ohservation,s was approximately 600 e.c. The temperature 
of the blood was maintained between 37.5'' and 38.5° C. by the circulation of 
warm water through the double walls of the stationary metal and glass cups. 

A B 




Fig, 2.—^, delation of flow of blood through oxygenator to thickness of blood film. B, Relation 
of blood flow to time of exposure of film. 

The blood used was obtained from a dog the day before the observations were 
made, and was kept in an icebox overnight. Coagulation was prevented by the 
addition of heparin. At the start of the observations, a sample of blood was 
placed in a Wintrobc hematocrit tubc.^ The blood was then passed continu- 
ously through the oxygenator with tlic cylinder revolving at 250 r.p.m. Samples 
of blood were removed and placed in hematocrit tubes evoiy fifteen minutes, 
until the blood had circulated through the oxygenator for an hour and a quarter. 
Cells were separated from the plasma in the hematocrit tubes by centrifuging. 
The colors of the samples of plasma were then compared with the colors of a 
set of standard tubes of similar diameter containing known dilutions of com- 
pletely hemolyzed red blood cells. It was found that up to thirty or forty-five 
mmute.s the plasma remained practically clear (i.e., faint straw color). From 
then on there was a steadily increasing rate of hemolysis. At the end of an hour 
and fifteen minutes of passage through the oxygenator, the plasma had a pro- 
uounced reddish tinge. 

THE BLOOD FILM 

The area avaijable for tlie filming of blood on the inner surface of the 
vertical revolnng cylinder is 4,000 sq. cm. This represents a 58 per cent jn- 
create in area over the oxvgcnator previously described.' Tlie glass cup at the 
t.ottom of the oxygenator holds 12 e.c. of blood at an appropriate operating 
level. The volume of blood on the surface of the revolving cylinder wa.s de- 
termined at different rates of blood flow as follows : A known quantity of blood 




1808 


THE journal of LABORATORY AND CLINICAL JIEDICINE 


^Yas placed in a graduated glass cylinder. The blood was then pumped from Jih 
cylinder into the copper cup at the bottom of the oxygenator from irhieli it 
drained down into the glass cup. From the glass cup it was pumped back into 
the graduated glass cylinder, maintaining at all times a constant level of blood 
in the glass cup. The level of the blood in the graduated glass cjdinder was then 
read at different rates of blood flow from 150 to 450 c.c. per minute. The volume 
of blood contained in the circuit at different rates of blood flow was thus de- 
termined. The revolving ejdinder was then added to the circuit, and tlie de- 
terminations were repeated. In this manner the volume of blood on the sides 
of the revolving cylinder was determined at varying x-ates of blood flow. From 
these figures the thickness of the film and the time of exposure of the blood to 
oxygen were calculated. For example, 85 c.c. of blood are distributed over the 
surface of the oxygenator when the e^dinder is revohung at 250 r.p.m. and 
blood is flowing through the apparatus at the rate of 250 c.c. per minute. Under 
these conditions the film of blb'od on the inner surface of the revolving cylinder 
is 213 microns thick, and the average time of exposure of the blood film to oxygen 
is 20.4 seconds. 


The graphs of Fig. 2 summarize the observations made. Each point on the 
graphs represents the mean of six determinations. It was found that with rates 
of flow from 150 to 450 c.c. per minute the depth of the blood film was directly 
proportional to rate of Iflood flow (Pig. 2A). The time the film of blood was ex- 
posed to oxj''gen on the inner surface of the revolving cylinder decreased, but at a 
progressively diminishing rate, as the flow of blood through tlie apparatus in- 
creased from 150 to 450 c.c. per minute (Pig. 2B). Both the greater depth of 
the film and the decreased time of exposure will tend to interfere with the ab- 
sorption of oxygen by the blood. Therefore, at any given imsaturation of the 
blood entering the oxygenator, it is to be expected that, as the rate of hloo 
flow increases, a point will be reached at which the blood leaving the ox.rgenafor 
will no longer be adequatelj^ saturated with oxj^gen. That such a point has no 
been reached with degrees of venous oxygen imsaturation within the noma 
range at rest and a blood flow as great as 450 c.c. per minute is indicate 3 
observation No. 11, Table I. 


SUJIMARY 

An oxygenator capable of introducing as much as 30 c.c. of 0x3 gen pci 
minute into blood has been described. The apparatus is designed to 
modate rates of blood floiv from 100 to 500 c.c. per minute. Up to 
minute, the blood leaving the oxygenator will be adequately satuia e 
oxygen even with marked degrees of venous unsaturation ; and at ra ° 
up to 450 c.c. per minute if the venous unsatnration is within the norma 
The apparatus is simple in construction and easy to operate. 
blood does not occur, and hemolymis is slight in periods up to lortj"- ve 

operation. 
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A DEVICE FOR FIXINf! THE BRAIN AND SPINAIj CORD IN ONE 

PIECE* 


Tm-.onOBF. S, Rosen, JI.D., and George W. Ta binsky, A.B. 
New York, N, Y. 


A fter removing the hrain and spinal cord as a single specimen, it is often 
t found difficult to restore them in their proper relationships. In an or- 
dinary hrain jar, or even in a larger receptacle, the spinal cord frequently be- 
comes twisted and its anatomic features arc distorted. The following simple 
apparatus was devised to obviate this difficulty ; 

A glass tank (the type used for household aipiariuins are easily obtained 
and relatively ine-xponsive), 25 by 10.5 liy 10 inches in size, is used as a re- 
ceptacle for primary fixation. A gla,ss cover is fitted over the top of the tank. 
A metal framework, consisting of two separate parts, as pictured in Fig. 1, is 
placed within this container which has been partially filled with 10 per cent 
formalin. The purpose of the framework is to provide a suitable crossbar at 
either end of the tank from which a brain may be suspended and hang freely, 
and two properly placed grooves along which the respective spinal cords may he 
extended in proper alignment with the given brain 

The framework is constructed from two pieces of galvanized wire, l/g 
inch in diameter and 130 and 95 inches in length, respectively. These are bent 
in a continuous pattern, as seen in Fig. 2, with the aid of vise, pliers, and ham- 
mer. Each division of the framework is 1 inches high and 9 inches wide, and 
provides a series of crossbars resting on uprights, approximately 3VG inches 
apart. Each crossbar except the first has two grooves an inch unde and an inch 
deep which lie approximately I 14 inches apart. These are the grooves in which 
the spinal cords are supported. The two divisions of the framework are so de- 
mised as to form one continuous pattern when placed end to end in the tank. 
In thi.s fashion, the complete framework has one ungrooved crossbar available 
at each end of the tank, from which a hrain may be suspended and hang freely 
hy means of a loop of thread or metal hook. The respective cord of each of the 
brains may then he placed in the two grooves of the framework and thereby 
hept in good alignment witli the hrain. 

, ’Prom the DeDartmcnt ot Neuropathology. College ot Physicians and Surgeons, Columbia 
onivertity, and the Neurological Institute of New Yolk 
Received for publication, September 13. 1940. 



1810 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 



Pig. 1. — Glass household aquarium with brains and their attached spinal cords supported in 

grooves of wire framework. 



Pig. 2. — Framework consisting of two lengths of wire bent into continuous pattern. 

The brain is shifted on tiie crossbar, so tiiat the spinal cord lying in the 
groove forms a continuous column witli the brain stem. Having the framevoi ^ 
in two portions permits the removal of one of the two brains without disturbing 
the other, or the addition of a fresh specimen to the tank when one is alreadj m 
place. 


A rapid litETHOD B’OK STAINING BLOOD SMEARS IN DETERMINING 
OPSONOCYTOPHAGIC INDICES* 


Aiiedbo Bondi, Jk., M.S., Pim-ADBU’inA, Pa. 


B ecause of the unsattafactory results obtained from staining blood smears 
lor opsonocytophagic indices with Hasting’s stain as recommended by 
Huddleson and co-worl:ers,® many new methods have recently been reported 
(Cape and Jaffc-; Flinn'"; Bruner and Edwards'; Calder'). Satisfactory stain, 
ing for this work, in addition to being simple, should permit aceurafe enumera- 
tion of the organisms inge-stcd by phagocytes. Polymorphonuclear neutrophiles 
must be readily recognized, and phagocytized bacteria must not be mistaken for 
cytoplasmic granule.s. Some of the newer metbod.s (Flinn'), while satisfactory, 
require stains or reagents which are not usually available to most routine lah- 
oraforics. 

The method reported licrc has been msed in this laboratory with consider, 
able success, Citrated blood Is mixed with a saline suspension of Brucella cells 
in the usual manner and incubated at 37° C. for thirty minutes. Blood smears 
ate made and dried quickly to prevent shrinkage of white blood cells. These are 
then put through the flame of a Bunsen burner four limes and allowed to cool. 
The fixing of smears by flaming Is very important and may require practice be- 
fore the right amount of flaming is obtained If not flamed sufficiently, smears 
will tend to wash off the slide, whereas overflaming will result in smears too 
deeply stained. 

The fi.xed smears are covered with 10 jier cent Sfichl-Neelsen carbolfuelisin. 
This stain is prepared by diluting Mo the Ziehl-Neclsen earbolfuchsin used for 
tubercle bacillus staining witli distilled water and filtering. At the end of two 
nimutes the slides are waslied gently with tap wafer to jirevent the dye from 
preeipifating on the slide, and tlien allowed to dry. 

By this method Brucella and the nuclei of the jiiiagoeytes stain deep red. 
The cytoplasm of the latter is a liglit pink; granules are not stained. Red blood 
cells stain weakly. Pliagoeytized bacteria ajipearing against the lightly stained 
cytoplasm are easily counted. 

This method lias also proved salisfaetory for phagocytosis studies with 
streptoeoeei, stapliylocoeci, pnciinioeocei, /I. influemoc, and H. pertxtssis. 

I Wish to acknowieiice with ernfitude «<lvjce of t>j. John A. Kolnier ■svho suggested the 

«3e or earbolfuchsin. 
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the standardization of certain factors in the GUTANEOm 

“VENOSTASIS- BLEEDING TIME TECHNIQUE* 

A. C. Ivy, Ph.D., M.D., Dorothy NeosoxV, M.S., and Gladys Bucher, M.S. 

Chicago, III. 


concerned in hemo.stasis are knoivn and can k tasied 
adequately quantitative inetliods, t],e determinatian af 
neeessaiy and valuable test of the “bleeding teiid- 
ey. A disturbance of hemostasis obviously involves defects in either the 
proems of coagulation, or the capillaries, or a combination of both. The presence 
or absence of a “bleeding tendency^’ would not necessarily be revealed even if 
one to test for a coagulation defect by adequate methods and for capillary 
ragi ity^ by the suction or tourniquet technique. It is possible that a defect in 
coagu ation might be neutralized by a compensatory response in the capillaries 
or vice versa. In other situations, however, the imperfections of one might aug- 
ment those of the other. It is desirable, tlierefore, both for physiologic experi- 
rnentation and for clinical purposes, to have a reliable method for the determina- 
tion of bleeding time in order to study the end result of the relationships be- 
tween the defects in coagulation and in the capillaries or peripheral tissues. 


For tnis reason, we have undertaken a study of the reliabilitj’’ and limita- 
tions of the venostasis bleeding time test.'^' - This test was selected because 
venostasis usually prolongs tlie bleeding time of normal subjects^ and hence tends 
to accentuate differences and defects that otherwise might be missed. 

The tests reported in this study were performed exclusively on the bleeding 
tendency of the skin. It should be remembered that the re.sults are not neces- 
sarily applicable to the mucous membranes and other tissues.® 


EUaPERBIENTAn 

The Lancet. — The Sharpe and Smith lancet was used. It was selected be- 
cause we believed the wide base might serve to distribute the pre.ssure more 
equally. In a preliminary study it was found that setting the blade length at 2.5 
mm. below the level of the rim of the base resulted in too great a percentage in- 
cidence of “no bleeding.” The use of a 3.0 mm. blade length decreased but 
did not abolish the number of “no or zero bleeding” cuts. 

Another difficulty was the sharpness of the blade. Cuts made xvith a sharp 
blade bleed more freelj' than those made ivith a dull blade. The blades were 
kept sharp with very fine irumiee and a leather strap. If sharpened too fre- 
quently, the metal is worn away so that the thicker portion of the blade remains. 

' '»Froni the Department o£ Physiolog>- and Pharmacologj-, North-western Universip’ Jledicai 
School, Chicago. ‘ ■ 

Beceived for puhiication, September 21. 1940. 
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New lancets iu a single shipment were found to he well standardized as to width, 
but not as to thickness. Ideally, tiiin and rcplaeeahle blades, as in the Tocantins’ 
instniment,^ should he employed. 

Control of Prcs.?Krc.— Standardization of the depth of the puncture is one 
of the most c.ssential features of a good bleeding time test. It seemed probable 
that control of the pressure placed upon the lancet before the blade is released 
might contribute to the uniformity of the punctures. 

In order to control pressure, the lancet wa.s mounted on a framework to 
which an arm rest was attached. The sliding bar which held the lancet was 
so weighted that when the lancet was placed on the average arm, its rim de- 
pressed the skin approximately 1 cm. This amount of prassuro gave excep- 
tionally short bleeding time.s in subjects with a well-developed pronator muscle 
and little subcutaneous fat. In these cases the skin was not depressed 1 cm. by 
the weighted lancet, and it became e\ddent that a constant pressure did not give 
the de.sired uniformity of the punctures. We. therefore, devised a gauge for 
the lancet that would indicate w’hen the skin was depressed e.xaetlj' 1 cm,, and 
when necessary manual pressure was added till that depth was reached. This 
pTocedvire resulted in luiduly long bleeding times in the very muscular sub- 
jects. It is obvious, then, that neither the ai>pUcation of the same amount of 
pressure in all cases nor the identical depression of the peripheral tls-sues was 
able to insure punctures of equal depth. 

With the mechanical refinements used, the re.sults showed a slight decrease 
in variability as compared w'ith those obtained itsing the ordinaiy clinical pro- 
cedure. However, the improvement was within the experimental error and hence 

not significant. From this we conclude that with experience one can acquire 
a judgment in regard to pressure that is about a.s accurate as these mechanical 
devices for the production of uniform punctures. 

The area of shvi in which the punctures were mnde. With the subject 
seated and his forearm (left) in the supine position, the area over the pronator 
(lateral aspect of forearm below the cubital fossa ) was washed gently with 95 
per cent alcohol. (We have found that cither foreann may be itsed.) The lancet 
tvas sterilized with alcohol and dried After any hyperemia that may have 
occurred from the alcohol wash had disappeared, the pressure in a sphygmo- 
taanometcr cuff about the arm was raised to 40 mm. Hg. A hemostat was used to 
prevent leakage of air from the cuff through the inflation bulb. The puncture 
or punctures were then made. 

Since we were interested in comparing bleeding times in the same indiridiial, 
it was necDssarj’ to make a number of punctures. Five series of two punctures 
''■ere made on our 88 subjects as follows: with the prc.s.sure in the cuff at 40 
mm. Hg, a puncture was made, and then five seconds later a second puncture 
"ras made, not less than one inch from tlie first puncture. The blood collected 
at each puncture was blotted with filter paper at ten-second intervals, timed with 
a stop watch. Tlie filter paper was not pressed so firmly as to open the wound. 
The bleeding time Is easily determined by multiplying the number of drops of 
iilood on the filter by ten seconds. , 
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means and medians tliat ma 3 ' be used as a Weeding score. Medians ivere proposed 
to eliminate extreme readings which weight the means. 

As can he seen from Fig. 1 the freijiiencj’ of zero bleeding times is greater 
than that of anj- other Weeding time. Table II gives the distribution of the zero 
readings over the ten successive punctures. Due to the influence the zeros would 
have on the variahilit.v of the means or median-s, these were recalculated using 
the first 3, 4, or 6 individual punetures that bled instead of the first 3, 4, or 6 
punctures made (Table I). 



Fie- 1 — Distributions of bleedinff times 
A = 1.280 leadings on 88 normal subjects 
B = Means of 10 leadinsrs on SS normal subjects. 

Abscls.^ae = Time in .seconds 
Ordinates = Numbei of leadmg.s 

Kcgarding each of the listed moans and medians in Table I as the result of 
a proposed bleeding time test, four criteria will be used to examine their rela- 
tive value; (1) their similarity to the mean of 10; (2) their reliaiiilitj’ as 
judged bj' the test-retest method; (3) their reliability as Judged by tlie devia- 
tions from their means; and (4) the practical consideration which calls for 
the shortest test possible. 

The deviations of caeli measure from tiie mean of 10 are .shown in Table I, 
and the significance of the diffez'cnees is indicated by the critical ratios. The 
mean of the first three odd punctures that hied is almost exactly the same as the 
mean of 10, and the median of the first four that bled siiows only a slight differ- 
ence. Since a critical ratio must be 2.60 or more to indicate a statistically 
significant difference with this number of cases,‘ it may be seen tiiat the mean of 
the first 6 tiiat bled, and tlie mean of tfic middle 6 are sigiiificantlj- larger than 
the mean of 10. The mean and the median of the first 4 made, and also the 
median of (J,e firet 3 made are significantly .smallei' than the mean of 10. The 
■^mections of these deviations suggest that the exclusion or preponderance of 
2ero scores is responsible for the extent of variation. 
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The correlation of each of these measures with the mean of 10 is another 
demonstration of similarity. All the correlations are spuriously liigh because 
the indimdual readings from which each of the smaller means or medians is 
derived are also included in calculating the mean of 10. However, the confla- 
tions wall not misrepresent the facts if the relationships are interpreted as show- 
ing the similarity of 128 bleeding time scores computed by each of tivo niethocls, 
and not as indicating the accuracy ivith which, knowing the mean of 10, one 
could predict the compared mean or median that would be obtained if the neces- 
sary six, four, or three additional punctures ivere made. 


Table I 


Measures of Bleeding Time Derived Prom Variod.s Numbers of Punctures, The Compari- 
son OF Each With the Mean of 10 Punctures, and the Self- 
Correlation OP Each After a Eetest 


MEASURE OF BLEEDING TIME 

TIME IN SEC- 
ONDS 

correlation 

WITH 

MEAN OP 10 

DIFFERENCE 

FROM 

mean of 10 

C.R.* OF 
DIFF. FROM 

mean of 10 

CORRELiVTION 

test-retest 

Mean of 10 punctures 

Mean of first 6 made 

01.5612.1 
59.69 ± 2.3 

4-0.90 

1.87 

1.85 

+0.30 

+0.34 

Mean of first 6 that bled 

66.95 + 2.3 

4-0.87 

5.39 

4.73 

+0.13 

Mean of first 4 made 

56.64 1 2.7 

4-0.74 

4.92 

2.6S 


Mean of first 4 that bled 

65.23 1 2.5 

4-0.77 

3.67 

2.25 

+0.1V 

Median of first 4 made 

53.28 ± 2.8 

4-0.74 

8.28 


+0.36 

Median of first 4 that bled 

62.19 + 2.6 

4-0.73 

0.63 


+0,36 

Median of first 3 made 

48.28 ± 2.6 

4-0.69 

13.28 

6.95 

+0.55 

Median of first 3 that bled 

58.13 ± 2.5 

4-0.65 

3.43 

1.72 

+0.29 

Mean of middle 6 made 

64.0612.6 

4-0.94 

2.50 

2.61 

+0.29 

Mean of first 3 odd that bled 

61.41 1 2.4 

4-0.91 

0.15 

0.15 

•fU.iiS 


*C.R. = Critical 


_ Obtained difference 
ra 10 _ difference 


Sigma difference = \/ (omi)= + (omj)= - aromnim: 
r = Coefficient of correlation 


Obviously, each addition of identical data raises a correlation. Therefore, 
the means of 6 would be expected to shoiv the highest correlation in this par- 
ticular situation. It is tJins of great interest to note that the mean of the first 3 
odd 'punctures that bled has a correlation as high as the means luhose correlations 
involved twice as many identical readings. 

The reliability of a test shows the degree of consistency with which it 
measures. One indication of reliability is a high correlation between tw o sets o 
results when, imder controlled conditions, the test is repeated on the same m 
dividuals. Unfortunately, this “test-retest” information is available for on^.^ 
31 cases. The correlations are given in Table I; they are all undu^ low eca 
the narrow' limits of the data included in this study do not permit the 
variability betrveen one individual and another wdiich is necessaii oi 
to demonstrate its maximum value. Therefore, the significance o 
retest” correlations is for comparative purposes only. It will be no e 
zero scores are again a determining factor, since the highest corre ^ 
median of the first 3 punctures made, ivhere the incidence arc 

dominates, and the correlations of tlie means of data from wlncli t 
omitted, are conspicuously inferior. 
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There wets no consistent trend toward a longer or shorter hteeding time token 
the test teas repeated on 31 siihjeets. Tlie mean Weeding times of the 31 first 
tests were aliout tlie same as the means of tlic 31 repeat tests. T)ie means or 
medians of 10, 6, 4, or 3 punctures for the 31 ease.s varied from 50 to 65 seconds 
in hoth the first and repeat tests. It was apparently mere chance as to ivhich 
was the higher, each one being slightly superior as gauged hy about half of the 
measures. As indicated hy the low correlations (Table I) there was little con- 
sistency between the first and repeat tests of each individual. This is to he 
expected with such a homogeneou.s group. 


TABi.r. II 

Incmnnee or Xcro ItEAoi.vfls 


COKSErun\T POKCTURKS I 

1 ! 

- ! 

i ^ i 

1 ■< ' 

•5 1 

G . 

7 j 

1 ® 

Q 

10 

% of total (128 cases) 

‘20 ' 

19 ' 

9 1 


11 

10 

8 1 

8 i 

(j 

s 

% of men (58 caf'os) 1 

21 ] 

10 j 

1 '» 1 

8 


Hi j 



5 j 

7 

% of women (30 cases) j 

in 1 

21 1 

9 1 

I 10 

1 1 

1 5 1 

^ j 

^ 1 

; 8 1 

i S 


Another criterion of reliability is a small standard error or deviation of the 
mean of a series of tests. The standard error, or sigma, of a mean (am) is a 
measure of variability which indicates the range within which a “true 
mean,’’ or the mean of an infinite number of eases, would have a 67 per cent 
chance of falling. It is also the range within which 67 per cent of the means 
would fall if other sample groups of the same size were tested under conditions 
identical to those producing the original mean. Therefore, if the range 
designated by the sigma of a mean is small, the test is consistent. 

The standard errors of the means and medians listed in Table I were ob- 
tained by assigning to each person a Weeding time ba.sed on the mean of 10 
punctures or the median of 3, etc., and finding the sigmas of the mean of the 
128 bleeding times so defined. They are not strikingly dissimilar. It may, there- 
fore, be concluded that if one wishes to determine the average bleeding time of a 
group of about a hundred people, any of the proposed tests would offer approxi- 
mately the same degree of reliability. However, there would he a trend in the 
direction of greater consistency in the measurc-s whose individual scores were 
iiased on a larger number of punctures. An exception to this trend is noted 
in favor of the mean of the first 3 odd punctures that bled. 

This material on standard errors of the means or medians of 128 cases gives 
no indication of the roliahility of the various means or medians for determining 
Ihe bleeding time of individual persons, which is of much greater clinical im- 
portance than the measurement of groups. The standard error of a mean or 
median of the punctures made on any subject is the range within which ihe 
chances are 2 to 1 that his “true bleeding time” teould lie if established by an 
w/i)u(c number of punctures. Naturally this range differs in individuals. By 
finding the average standard error of the 128 means and medians, a comparison 
'an be made of their reliability as individual bleeding time tests. The mean 
standard errors are listed in Table III, together with their correlations and differ- 
ences from the average sigma of the means of 10. 
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The formula for deriving a sigma of the mean being 

Sigma of distribution 
VNumber of eases — 2 

when there are 10 cases, and 

Sigma of distribution 
VNumber of cases — 3 

when there are less than 10, it can be seen that the measures based on fewer 
than 10 punctures were heavily penalized.® It may be argued that such an in- 
equitable comparison is of little value, but this is not the ease, since the issue will 
be encountered every time one investigates the significance of a difference between 
bleeding measures made under varied conditions, as, for example, before and 
after treatment. 


Table III 

Beliability of the Measures as Gauged by Internal Consistency 


measure of bleeding time 

mean sigma 

OP means 

DIFFERENCE 

FROM SIGMA 
MEAN OF 10 

C. E. 

CORKELATIOff 
-WITH SIGMA 
JIEAN OF 10 

Mean of all 10 

Mean of first 6 made 

14.73 ± 0.51 
22.51 ± 0.92 

7.78 

14.88 

0.80 

Mean of first G that bled 

17.15 + 0.86 

2.42 

5.69 

0.96 

Mean of first 4 made 

31.09 + 1.54 

18.61 

12.48 

0.57 

Mean of first 4 that bled 

29.57 + 1.53 

14.84 

13.86 


Median of first 4 made 

33.40+1.60 

18.67 

13.24 

0.51 

Median of first 4 that -bled 

31.72 + 1.60 

16.99 

12.67 

0.62 

Median of first 3 made 

31.33 + 1.94 

16.60 

9.70 

0.56 

Median of first 3 that bled 

29.02 + 1.84 

14.29 

8.82 

0.53 

Mean of first 3 odd that bled 

25.31 + 1.71 

10.58 

6.82 

0.45 


The differences between the mean sigmas of tiie means of 10 and the mean 
sigmas of all the other measures are statisticallj^ significant. The large critical 
ratios are due to the spuriously high correlations (see footnote to Table I). It 
can be seen by inspection of the table that except for the sigmas of the means of 
six punctures, the differences between any two of the other measures would not 
be significant unless equally high correlations exist betiveen them. The sigmas of 
the means of the 3 odd punctures might also be an exception. However, statis 
tical analjmes were not made to confirm this. 


The standard errors of the means and medians of individual eases are open 
to criticism from a statistical standpoint because tiie formulas from which t iej 
are calculated are based on the assumption that the data fall into a noima is 
tribution curve. ’ ’ The curve obtained by plotting all the raw scores, as ® ^ 

in Fig. 1, epitomizes the skewed frequency which was tjqiical of nearly a m 
individual curves. Probably the most important iactor in causing this 
positive skeiv was the length of the lancet blade. Fig. 1, showing the cume o^ 
means of 10 prmctures, illustrates the fairly normal distribution charac eiis 

also of the other means and medians. 

To eliminate ‘all errors arising from the asymmetrical ‘distribution, tlic 
in Fi'>' 1 ^dso analj’zed in terms of per cent, using the means o ‘ „ 
noint'of reference. The 128 cases were divided into two groups, those “ 
mean bkeding time (mean of 10 punctures) of one minute or less and those 
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having a mean bleeding time between one and two ininntes. The per cent of 
these groups with a bleeding time of one, two, or tlirec minutes on the basis of 
the other means and medians is shown in Tatde IV. 

Table IV 


CoiipABisoN OP SirofiTEH Tests Witk T«n Mean Bleeding Time of lo Punctures 


MEASURE OF BT.EEDINO T12.1E 

A 

% OF PERSONS WHOSE 
IILEEDING WME IS 0-60" 
(mean of 10 punc- 
tures) IIAVINO B. T. r, 
2', OR 3' 

SCORE* 

B 

% OF PERSONS WHOSE 

Bleeding is Cl-320" 
(MEAN OF lO punc- 
tures) IIAVINO B. T. 1', 
2', OR 3' 

1' 

2» 

3' 

V 

2- 

3' 

Mean of first 6 made 

91 

9 

b 

109 

Id 

78 

6 

Sfean of first C that bled 

78 

22 

0 

160 

10 

82 

8 

XTean of first 4 made 

8C 

14 

0 


32 

64 

4 

Hean of first 4 that bled 

7G 

24 

0 

150 

20 

74 

6 

Sfedian of first 4 made 

88 

12 

0 

144 

36 

56 

8 

Median of first 4 that bled 

79 

21 

0 

145 

2G 

66 

8 

Median of first 3 made 

93 

7 

0 

Ha 

44 

52 

4 

Median of first 3 that bled 

85 

15 

0 

147 

32 

02 

G 

Mean of first 3 odd that bled 

80 

14 

0 

152 

31 

06 

3 


'This score is the sum ot the per cent \*»lues in column lA and column 2B, It Is an 
arburarj' measure for evaluation. 


The measures wliich included zero readings sJiow tlio greatest per cent of 
agreement witli the group wliieli had n bleeding lime of one minute or less (on 
the basis of the moan of 10), and the measures e.wliiding the zeros were in better 
agreement with the group having a bleeding time between one and two minutes. 
By summing the per cent values listed for caeh test in column one (!') of the 
first group with those of column two (2') of the second group, an arbitrary score 
was devised by which to evaluate the tests. As was pointed out in the discussion 
of the correlations of the means, the inclusion of the same raw data in computing 
the two measures, gives an advantage to those based on the largest number of 
pnnetures. As in the previous case an exception appears in favor of the mean 
of the first three odd punctures that bled. 

TABI.K V 


Bleeping Time Avebaces op the Successivc Punctuees 


SUBJECTS ' 1 

1 

1 2 

, ^ 1 

4 1 

5 1 

0 

1 ! 

1 ® 1 

i " ! 

i 10 ! 

TOTAL 

AH cases j 

47.4 

1 S3.7 


G4.9 

53.0 

76.9 

1 59.4 . 

1 07.9 

1 62.5 

1 71.2 , 

61.5 

cases — 2 eros j 

excluded 

59.5 

CG.l 

61.4 j 

72.3 

59.6 

85.6 

1 C4.G 1 

1 1 

1 73.0 

1 

1 66.0 

i 

1 75.3 1 

68.4 

1 

Men onlv i 

43.4 

50.7 

C0.6 ' 

63.3 

55.9 

77.0 

i 

62.0 1 

1 

1 70.8 

1 70.6 ' 

i 72.5 ! 

03.2 

Hoinen only i 

48.4 

50.9 

51.0 ! 

67.G 

50.4 

76.7 

1 57.0 1 

1 65.2 

1 65.1 

1 70.0 1 

59.2 


The fourth consideration in selecting one of the proposed iileeding time 
O'casures is the obvious advantage of brevity. The assumption that the test 
would be improved by increasing the number of pnnetures was invalid in this 
'“SC. As is sliown in Table V there is a decided trend toward a longer bleeding 
hme as the test proceeded. This is also shown by the fact that the mean of the 
5 punctures (128 eases) is 54.38, and the mean of the last 5 is 68.59. The 
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difference between the two means is statistically significant, since the critical 
ratio IS 5.24. A progressive hyperemia seems to he the most pertinent inter- 
pretation of this cumulative error. 

Because the first two punctures included more than a third of the zero scores, 
and the last two were unduly prolonged, the means of the middle si.\' punctures 
were computed (see Table I) and used as a standard in place of the means of 
10. The substituted values did not gain suffieientlj^ in uniformity to offset the 
statistical disadvantage of omitting two-fifths of the readings. This standard 
was, therefore, less satisfactory than the means of 10. 



Successive punctures 


Fig. 2. — Average bleeding times of successive punctures. 
Abscissae = Successive punctures. 

Ordinates = Mean bleeding time in seconds. Zero readings excluded, 
M _ Mean of all punctures. Zero readings e.vcluded. 


Does a first puncture modify the bleeding of a second juncture made five 
seconds later f Table V and Fig. 2 also reveal another source of error, where one 
puncture follows another in five seconds. Apparentl}’ the first puncture of each 
pair was sufficiently traumatic to cause a transitory hj^peremia or change, prob- 
ably due to an axone reflex. The only exception to the sharp alternations is 
puncture 2, when the zero readings are included. When aU the first punctures, 
the odd tests, are compared tvith the second, or even tests, there is a significant 
difference between them. The mean of the odds is 56.88, the mean of the evens 


is 68.12, and the critical I’atio is 5.70. 

It is very interesting that in spite of the marked difference between them, the 
odd and even punctures lia^m a correlation coefficient of +0.63. A correlation of 
this tjTje constitutes the “split-half” technique for determining the reliability 
of a test. Considering the similarity of the data, this is a fairly high correla- 
tion, certainly far superior to the “test-retest” relationship. The fact that a 
correlation of single punctures made within five seconds of each other is twice 
as high as the eoi’relation of the means of 10 punctures made on different dajs 
may be interpreted in two waj^s. It may mean that the control of all variables, 
except the site of puncture, as ivas the case wdth the simultaneous reading, 
minimized certain phj^siologic fluctuations ; on the other hand, it may simp } 
indicate that sufficient errors arise in the long test to impair its reliabilit3’- 

The reason for making the readings in pairs ivas to save time. Analysis oj ‘ 
results shows clearly that more ^iniform results are to be expected from ma any 


the punctures one at a time. , . 

Inspection of Fig. 2 suggests the use of the first three odd pune ures 
bled as the most consistent test of bleeding time. This measure compare aio 
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ably with tlie othei’S: (1) the 128 means thus obtained were almost identical to 
those which resulted from averagiHg 10 punctures; (2) reliability judged by the 
"test-retest” method was about average; (3; reliability based on deviations was 
relatively high; and (4) a three-pnneture test is undeniably short. It seems, 
therefore, to fulfill all the requirements stipulated for the evaluation of the 
proposed bleeding time measures. 

Kecommoidniton. — Using the laneet wc employed, it is recommended that a 
relatively reliable mean venostnsis bleeding I ime may be determined as follows : 
(1) The pressure in the cuff is elevated to 40 turn. Hg. The puncture is made. 
If bleeding occurs, the bleeding time is recorded ; if it does not, nothing is 
recorded. The cuff is decompressed. (2) Five minutes later the cuff is inflated 
again, and the puncture is made. If bleeding occurs, the bleeding time is 
recorded; if it does not, nothing is recorded. Thrs jiroeedure is repeated until 
three bleeding times have been recorded. The mean bleeding time is the average 
of the three bleeding times, In our 8S .subjects the mean bleeding time of three 
punctures wa.s 61.41 + 2.43, as compared to the mean of 10 punctures which was 
61.56 + 2.08. It should, however, be recalled that oiir tlirec punctures were the 
first punctures of each of three pains and were not made singly as recommended 
above. 

SUMJI.VRY 

Jlcchnnieal refinements directed toward mepcasing the accuracy of the use 
of a spring, flnt-bladed lancet in the hands of an operator of some experience 
did not prove to ho of significant value. The blade of the lancet was set at 3 
mm. Venostasis of the forearm was produced by placing a sphygmomanometer 
cuff about the arm and inflating it to 40 mm. Ilg pressure. The skin over the 
pronator was piincttircd with the lancet. The blood was gently Wotted at ten- 
second intervals until bleeding ceased. 

A study of the reliabilit.v of the venostasis bleeding time technique was made 
on 8S “normal” subjects by a multiple skin puncture method. Five pairs of 
punctures of the skin were made on each, the second puncture of the pair being 
made five seconds after the first. The cuff was deflated and the arm was moved 
about to restore circulation between each pair of tests. The subjects included 
58 men and 30 women from about 21 to 40 years of age. 

A "climeally normal' ’ maximum venostasis bleeding time of 240 seconds for 
a "one puncture test” was confirmed. A “clinically normal” maximum mean 
venostasis bleeding time of 125 .seconds was found on making 10 punctures in 
each of the 8S subjects. A ‘ ‘ clinically noimial ’ ’ mean venostasis bleeding time of 
6156 + 2.0S seconds was obtained for this group of 88 subjects. No significant 
sex differeneo in the mean blceilmg time was found. The results on 31 subjects 
who were retested showed no significant variation in the mean bleeding time. 

Statistical analysis of the results showed (a) that the .second puncture of 
each pair bled significantly longer on the average than the first, (b) that the mean 
Weeding time of the last 5 punctures was .significantly greater than the first 
and (e) that a relatively reliable mean bleeding time for one setting may be 
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CHEMICAL 


HEMOGLOBIN ESTIJIATION WITH UNDILUTED REDUCED BLOOD® 


Georg Barican, M.D., Boston, JIass. 


S AHLU in 1902 first used the color intensity of acid hematin as a basis for 
tlie clinical estimation of hemoglobin. The original Salili instrument has 
seen many modifications and reconstructions, e g., the Autem-ieth-Kdnigsberger 
liemomcter,* the Ne\Ycomer heniometer,^ and the Haden-Hansser instnimenU have 
been introduced. In Europe there has been constructed in recent years the 
Zeiss-Ikon bemometer^ in addition. All these models, like the original Sahli in- 
.strument, use the brown color of acid hematin \s-luch has to be compared with a 
standard color (fluid or glass). Tliis “Salili principle'' is probably the one most 
commonly used for hemoglobin estimation in routine work. It is weii knowm 
that the brown color which develops from addition of acid to the blood depends 
on various reactions. They in turn arc supposed, as a wlmle, to depend on the 
hemoglobin content and hence, if standard conditions are used, to lead to a 
color intensity which is proportional to the hemoglobin previously present in the 
blood. 

Newcomer® in 1930 published a very profound investigation about the 
optical behavior of acid hematin. His experience suggested that the curve of 
color development against time bad a ratlier regular slope. The question re- 
fflained ivhether the blood solution after being acidified really “acts for the 
present purpose as if it formed a true solution” (Newcomer®). In a series of 
publications®'®® during the last few years, I was able to demonstrate that the 
colloidal character of acid hematin solutions can very easily be evidenced by the 
infiuence upon the hemometric readings of different experimental conditions. 
In experiments with human blood I could show deviations as high as 14 per cent 
in the hematin color intensity as compared with the pliotometrically detei-mined 
oxyhemoglobin value. I wTote (1937) with reference to the colorimetry of the 
hematin color, “the latter is a term of very doubtful value. It should disappear 
from the clinic as a measure of the hemoglobin content.”’” Heilmeyer and von 
Mutius’® (193S), in comparing the hematin method with other more reliable 
methods of hemoglobin determination, also found an inaccuracy up to 11 per 
rent and so did Humperdinck.’® Heilmeyer and von Slutius state “that the 
method should be eliminated as far as possible for scientific purposes”*®; they 
=« of the opinion that the procedure might still be satisfactory for medical 
practice because of the lack of any other reliable and handy method. 

In 1937” 1 pointed out that the colorimetry of reduced hemoglobin, intro- 
duced by Burker,®* and in connection with the use of the Pulfrieh photometer 
recommended by Heilmeyer,®® could well be simplified with a handy instrument 

Tl,.... *Erom the Evans Memorial Massachusetts Memorial Hospitals, and the Beparttnent of 
mochemisirj. Bojton University School of Medicine. Boston- 
Received tor publication, March 31, 1941. 
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for routine work. In 1938 I learned that such an instrument had been proposed 
independently by the Danish plymician Dr. M. Philipsen and was just broiiglit 
on the market.^® After having carried out comparative investigations with the 
new instrument (Sicca hemometer*), a brief report in connection with my previ- 
ous publications in that field may be justified. 



Fig-. lA. 


Shutter 


Wedge- 



Color standard 


.SICCA HEMOMETER 

One of the advantages of the new method is that the peing 

measured but simply taken in the hand pipette (Fig. lA). ^ 
diluted it is reduced, hemolyzed, and stabilized by ^ ^ godium 

reagent powder containing sodium hydrosulfite, saponin, oxa a , 

cliloride (Fig. IB). ^ i ehunbcr. It 

The main part of the hemoglobinometer is the wedge-s lap 

is formed by a glass base plate and a covering glass pipette is 

wedee-shaped hollowL The reduced blood .specimen in i„,. ,ved"c. 

directed into the wedge-shaped chamber, thus formuig a i oo co 

'•Manufactured bj- tbe Testa-I..aboratorium, Vedbaek. Denmark, U. S. ^ 
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Tlio ivcdgc cliamber lies on the scale plate ivhicli has a ivindoiv showing 
the standard color. Both blood and standard are illinninated from beneath b 3 ' an 
dcdrie lamp, the light pa.ssing some particnlarlj- selected filters. Fig. 2 shoivs 
the pattern of the apparatus. For determining the hemoglobin content the 
chamber is moved along until the specimen color corresponds to the standard. 
A marked line on the g)a.ss base plate indicates the hemoglobin value on the 
scale. The instrument is adapted to two ranges of hemoglobin content. This 
involves the use of two color standards, one of which is kept covered by a shutter. 
The standard most appropriate is uncovered by turning the wheel marked with 
an arrow. The arrow atitomafiealh- points to that side of the scale to he read. 
An additional wedge ground to double height and marked “2” ma.v convenientl.v 
be used for low hemoglobin values. When using this wedge all readings have to 
he divided bj’ two. 

Tablv I 

SrASDIEMZATro.V OF SrecA HESrO-VETKR IVlTII PlIOTOELCrTnic O-VyilEMOGLOBIS IlETEe.MIN*A- 

Tions 

(Comparison M'ith Ifcnioglohin Values OhfaineO From BJoeil Iron) 


NUMBER 

SirCA READINOS 
(MEAN OK 5-10) 
SCALE PAHTS 

IIEMOonOBIK 
(from .sierA) 
osi./lOO c.c. 

OjHB. 

(rnOTOHLECTR. 

Evnj.VN) 
oM./IOO r.r. 

HEMOGLOBIN 
(FROM BLOOD IRON 
WO.N'O-'VrALKEP.) 
G-M./inO C.c. 

1 

87.0 

32 7 

12.8 

13.4 

2 

74.3 

10.9 

n-> 

11.3 

3 

103,0 

34.9 

35.2 

35.2 

4 

S7.0 

12.7 

12.1 

12.8 

5 

104.0 

35 2 

J4.S 

14.8 

f) 

05.0 

9.5 

9.4 

9.5 

7 

102.7 

15 0 

13,1 

15.1 

8 

S1.4 

11.9 

12.4 

ll.D 

0 

ion.5 

15.3 

34.5 

14.2 

10 

ino.o 

14 (5 

U.O 

1.3.7 

11 

07.9 

14 3 

IJ.O 

14.9 

12 

100.8 

Its 

14.15 

14.D 

ir. 

81.7 

120 

12.1 

11.0 

u 

n4..1 

i:i,8 

lie, 

13.7 

15 

98.(5 

H.-l 

14.2 

13.7 

1(1 

88.9 

i.-i.o 

13 5 

13.2 

17 

75,1 

IVO 

10.4 

10.7 

18 

85.9 

12.<! 

12.5 

13.1 

10 

11-1.7 

1(5.4 

Ki 7 

16.4 

20 

87.9 

32.9 

1 : 5.7 

13.1 

21 

100.9 

14.8 

15.:'» 

14.0 

22 

01.2 

13 .7 

12.7 

13.1 

23 

90.0 

13.2 

13.2 

13.2 

24 

82.3 

12.0 

12.1 

12.5 

25 

108.1 

35.8 

1(5.0 

1(5.1 

Average 

92.07 


13.48 

13.44 


TiiMefore too scale parts Sicca = 1-1.6-t grams of licmoglobin per 100 c.c. 


stand.iroization 

Because of a mistake in shipping, I had to build in a new set of filters in 
the instrument I used first. Tims a restandardization of the hemometer became 
necessary. Twentj'-five samples tverc taken from different patients and protected 
against coagulation bj* adding some oxalate or liquoid '‘Roche.’' The hemo' 
glohin in each sample was determined eiectrophotometricallj' according to 
Evelyn.w In addition the iron content of the blood was determined following 
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Walker’s^® modification of Wong’s method. The hemoglobin was calculated on 
the basis of 0.336 per cent iron. The same 25 samples were also used for 
hemoglobin determinations in the Sicca hemometer. The results of five to ten 
readings with each sample wmre averaged. Table I contains the synopsis of the 
results. 

The average of the readings on the scale in the 25 blood samples was 92.07. 
The average for the oxyhemoglobin content photoelectrometrically measured, ac- 
cording to Eveljm, was 13.48 Gm. per 100 e.e. Prom these two figures was calcu- 
lated that 100 parts on the scale of this particular instrument (A) equal 14.G1 
Gm. of hemoglobin per 100 c.e. Using this correlation, the hemoglobin content 
for each of the 25 samples was calculated from the respective Sicca reading.s. 
The results are shown in Table I and can be compared with the respective figures 
from the photoelectrical readings and the iron determinations. 


Table II 

Comparison Between Two Sicca Hemometers (A and B) 


A Standardized by the Author; B Standardized by the Manufacturers 


NO. 

1 GRAMS HB. per 100 C.C. 

NO. 

1 grams HB. per 100 C.C. 

A 

B 

A 

D 

1 


12.4 

13 

14.3 

14.0 

2 1 

12.6 

12.8 

14 

12.9 

13.2 

3 I 

14.6 

15.0 

15 

11.9 

11*7 

4 1 

14.9 

15.2 

16 

11.9 

12.3 

5 

8.7 I 

8.7 

17 

13.3 

13.4 

6 

12.3 1 

12.2 

18 

13.1 

13.1 

7 

13.1 1 

13.1 

19 

12.6 

12.4 

S 

12.7 

12.7 

20 

12.0 

J1.9 

9 

13.3 

13.5 

21 

13.2 

13.2 

10 

12.4 

12.5 

22 

13.9 


11 

15.6 

16.2 

23 

13.S 

13.6 

12 

12.8 

1 12.9 

1 24 

14.5 

14.4 




25 

14.6 

14.4 _ 


TESTING OF MANUFACTURERS’ STANDARDIZATION 

The second Sicca hemometer (B) w'as standardized by the manufaetuiers m 
Denmark in the manner commonly used there (in cooperation with Professoi .t ■ 
Krogh’s Zoofysiologisk Laboratorium) on the basis of 100 parts of the sea e 
equal 18.5 volume per cent of oxygen (Haldane) ; 18.5 volumes pei ® 
oxygen correspond to 13.85 Gm. of hemoglobin per 100 c.c. Thus the a c 
is at the same time the standardized hemoglobin value for 100 paits on 
scale. In other words, one part on the scale means a little less hemog o ni wi 
the instrimient B than with the instrument A. A total of 25 other human oo 
samples were read in the turn Sicca hemometers. The same wedge cham ei 
with the prepared blood was placed first in one instrument, and ^ ^ 

ings ivere taken (usuaUy 5 to 10) placed in the other one. The ° ^ 
use of the two hemometers was alternating, thus also controUmg any ^ 
time The readings for each instimment were multiplied by ^ , 

Stors (0.1464 for A and 0.1385 for B). Table IT shows the results obtameeb ^ 

The hemoglobin content of the samples varied from about 8/7 to 
.ram/pev cubic centimeter. Tbs arerage ol tbe valuec for the 2» blood 
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obtained with the two instruments is 13.1 and 13.2 Gm. per 100 c.c. In the 
individual results there is also a good agreement between the two instruments. 
The deviation is less tlian 1 per cent in 19 of the 25 cases, and never exceeds 2 
per cent of the average reading. 

The low dispei^sion for individual readings was also proved in the following 
manner; In 50 determinations with the Sicca hemometer in which ten readings 
had been taken for each sample, the Jiverage of the first three (R 3 ) and of the 
ten readings (Rjo) was compared. In 48 of the 50 cases the per cent deviation 
of the two averages : — was not greater than 2 ; in the remaining 

ItjQ 

2 cases the deviation was 2.5 and 3.5 per cent, respectively. This means that by 
taking tlie average of three readings with the same specimen one can be certain 
of having a result correct for all practical purposes. 

INTERCHANGEAniUTV OF PARTS 

One of the most important claims for the Sicca hemometer is that all spare 
parts are supposed to be interchangeable without restandardization. The parts 
of the wedge chamber evidently arc the most vulnerable elements of the instru- 
ment in practical use. Three different base plates equipped with three different 
wedges were filled with blood from one sample. The readings were taken in the 
same instrument. The hemoglobin values obtained for the three wedge chambers 
were; 10.54; 10,64, and 10.45 Gm. per 100 cc., respectively. This means a 
deviation of less than 1 per cent from the average. 

Table III gives the avei’age results of low iiemoglobin vahies in four cases, 
two of them artificial dilutions, and two cases of pernicioas anemia. The data 
obtained with wedge *‘2” in the Sicca arc compared with those obtained with 
Evelyn’s photoelectric mctJiod. 

Table III 

Low Hemoglobin’ Values Dctehminep With Sicca and Pitotoelecteically 

^ SICCA IIEM05IETER PHOTOELECTRIC METHOD 

SAMPLE WEDOE “2** EVELYN 

OJI. lIB ./lOO C.C. CM. HD./lOO C.C. 

Diluted blood I + 0.9 per cent NaCl 5 3." 5,41 

Diluted blood II + 0.9 per cent NaCl 3.84 3.92 

Pernicious anemia; Case P. 5.3.3 5.30 

_ Pernicious anemi a; Case C. 5.30 5.44 

The photoelectric oxyhemoglobin determination (Evelyn) and tlie results 
obtained with the Sicca instrument, as a rule, were in very close agreement for 
the low as well as for the normal hemoglobin concentrations. In this connection 
it is of particular interest that, according to personal information by Dr. H. 
Hesse, a large series of hemoglobin estimations carried out in Montreal, Canada, 
with the Sicca instrument and with Van Slyke's method of determination the 
oxygfen capacity never showed deviation exceeding 3 per cent. 

SUMJrAEV 

In my opinion some advantages of the new type of hemoglobinometor aie; 

(1) The use of undiluted blood eliminates tlie sources of error involved in 
<lihiting. The handling of the Sicca hemometer is very simple and needs no 
particular training. 
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(2) The use for coloriinetry of add hematin, repeatedly criticized in earlier 

irork, is abandoned in favor of the color of reduced blood. The lalter isstahic 
and independent of time, the errors due to inadequate time for reading' hein" 
eliminated. “ 

(3) The use of constant glass standard and constant electric light in connec- 
tion with correct filters allows observations with great optical contrast, eliminates 
the effects of voltage variations and plasma color (icteric blood), and decreases 
tJie personal equation to a minimum. 

(4) The dispersion of repeated readings with the same or with different 
bieea hemometers is small, i.e., the reproducibility is particularly good. 

(5) Spare parts can be used rvitliout new standardization. 

I gratefully acknowledge the assistance of the Ella Sachs Plotz Foundation in furtherance 
of my work in the field of hemoglobin determination. 
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THE MEASUIlEMimT OF CELL VOLUME OF BLOOD BY THE EVANS 
BLUB DYE JIETITOD' 


Alprkd T. Shoiil, and Thomas II. IIuntkr, M.D. 
B0.STON, SIass. 


T he licmatoerit metliod for the determination of tlic ocll volume in Mood, 
as developed by Winlrobe,' Gnest,^ and others, has been of great service in 
both physiologic and eiinicai studies. It has the advantage of being simple and 
direct, and further, it gives separate readings for erythrocytes and leiicocjdes. 
It requires appro.'iimately 1 e.c. of Idood. Uareful studies of tiiis metliod by 
Ponder’ and Hirofa* have shotni, iiowcver, tliat it is not without its difficulties. 
The values obtained at 3,000 r.p.in. for tliirty minutes, which is the condition 
commonly used, are arbitrary values, but. Ponder states, are correct +5 per cent. 
It is generally accepted that tlio error is within 2 or 3 per cent. Low speed and 
short duration of centrifugation result in a large volume of paehed cells. 
Centrifugation at higlicr speeds or for longer times causes tiie volume of packed 
cells to become smaller to the point tviiere fluid is squeezed out of the cells b}’ 
centrifugal force. Jloreovcr, various blood.s do not attain the same eouilibrium 
at the same time or speed of centrifugation. 

A method for determination of cell volume, called the cell opacity method, 
has recently been described.’ This metiiod depends upon the obstruction to 
light, of 660 iPfi, by a suspension of blood in citrate solution. The amount of 
light transmitted actiiatos a photoelectric cell, and tiio intensity of the current 
's mea.'iiired by a galvanometer in a photoelectric colorimeter. An empirical 
correlation betiveen this reading and the cell volume obtained by the hematocrit 
'tiediod is made, Tiie metliod uses only 10 or 20 e. mm. of blood and requires 
aiily a few seconds to carry out. Tiie values on relatii’ely normal bloods agree 
ivithin 2 or 3 per cent with those obtained by the licmatoerit method. 

To obviate the difficulties of the hematocrit metliod and to servo as a 
standard of reference, Ponder' suggested the use of a colorimetric method 
iwsed upon the addition of a solution of hemoglobin in plasma to whole blood 
from the same individual. The hemoglobin concentration of the plasma is de- 
frrmined before and after the addition, and the volume of the cells is thus cal- 
oHlatod, The technical difficulties of this method in our hands liai’e been con- 
siderable. It is open to the further objection tliat about 35 c.o. of blood are re- 
quired for each determination. Further, what Ponder calls a solution of liemo- 
globiii really contains ail the soluble parts of the cell, high in potassium and 
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pliosphate, obtained by freezing and lysis, and perhaps some cellular detritus. 
Practically, the effect of these substances on osmotic pressure is greatly reduced 
because the hemoglobin solution is diluted 1:15. 

The method reported here is a colorimetric method which we think is free 
from these objections. The principle of the method is as follows: A Imomi 
amount of blood is mixed with a given amount of the dye, Evans blue, also 
called T-1S24. The concentration of the dye in the plasma is detennined 
colorimetrieally with a photoelectric colorimeter. Because the dye is contained 
wholly within the plasma, the volume of the plasma is determined by this 
measurement ; from this the relative amount of the plasma in whole blood is 
calculated as per cent, and the cell volume is obtained by ditference. The method 
is more laborious than the hematocrit method or the cell opacity method. It is 
offered primarilj^ as a standard of reference rather than as a clinical method, 
although it may be so used. 

PROCEDURE 


Evans blue (Merck) is dried at 110° C. and made up into solution with dis- 
tilled Avater so that it contains 400 to 800 mg. of dye per liter. One half to 1 
e.c. of this solution (containing 400 /tg. of dye) is placed in a test tube of 3 to 4 
c.c. capacity and evaporated to dryness at 70° C. 

A measured amount of blood obtained by venepuncture is placed in a tube 
coated with a calculated amount of dried oxalate ( 60 per cent ammonium oxalate 
and 40 per cent potassium oxalate) or heparin to give a final concentration of 
0.2 per cent oxalate or 2.0 to 2.5 units of heparin per cubic centimeter of blood. 
An aliquot is centrifuged. One cubic centimeter of plasma is placed in a tube 
containing the dye as described above (or a smaller volume but in the same pro- 
portion to the dye) . The tube is shaken and the dye readily goes into solution. 
Of the plasma containing djm 0.1 c.c. is removed and placed in 9.9 c.c. o 
physiologic saline solution (0.85 per cent of sodium chloride) in a tube stan - 
ardized for use in the photoelectric colorimeter. (The saline prevents piecipita 
tion of protein which umuld occur if the plasma were diluted ■'vith natei. 
Of the djm-free plasma 0.1 c.c. is placed in a similar colorimeter tube contain 
ing 9.9 c.c. of saline solution to serve as a “blank.” The pipettes to be use ^ or 
this purpose are those desci’ibed by Levy." These pipettes arc calibiate ^o 
contain,” and automatically deliv'er the required volume, because tiej are 
constricted at the upper mark to a hairline diameter. The sample of p asma is 


delivered into the pipette washed rvith the saline solution. 

A suitable photoelectric colorimeter, such as the Evelyn or^ 
Summerson colorimeter', is arranged for use with a filter transmitting^ p-Lon 
approximately 620 m/t. This filter was selected as most suitable j 
and Eveljm^^ after a study of the absorption curve of the dye. e ) a 
inserted and the machine is adjusted to read at 100 on the “ Teadim: 

Klett-Summerson colorimeter. The d.ve tube is then inserted an i 
made The dve has a verv intense color, and the optimal 

™rate raading in the Erelj-.. or EnetfeSummerson colorimeter «« * 

S to SO In. of Evens hlne in a volume ot 10 c.e. By adding varymg amounts 
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saline or plMina to the dye differont rcadi?i!rs are obtained which' establish a 
straight line, as shoAra in Fig. 1. 

The procedure for analysis of blood is similar to the quantitation of the 
dye in plasma. One, 2, or 3 e.e. of oxalated or iicparinized blood are placed in a 
tube containing 400 pg. of Evans blue. (If 1 c.c. of blood is used, either half 
the amount of dye or twice the amount of diluent should be used.) The tube 
is stoppered and shaken until the dye is completely dissolved. The tube is then 
centrifuged at moderate speed, 1,500 r.p.m., for fifteen minnte.s. An aliquot of 
0.1 c.c. of the supernatant plasma is added to 9.9 e.e. of saline in a colorimeter 
Itthe. The same plasma blank as above is used to determine the point of zero 
concentration of dye. The concentration of dye in the sample analyzed is ob- 
tained from the galvanometer reading by the use of the curve in Fig. 1. The 
cell A'olume is then calculated as follows ; 

A = amount of dye used ; pg. 

Z concentration of dye determined in supernatant pla.sma; 

/ig. per cubic centimeter. 

S = volume of blood used ; c.c. 

P.V. = plasma volume ; per cent of whole blood. 

G.V. = cell volvtmc; per cent of whole blood. 

=7^ X 100 = P.y.; 100 - P.V. = O.V. 

Z X S ’ 

Example; A = 400 ; Z = 3T0; S = 2. 

X 100 = 54.0 = P.V. ; 100 - 54.0 = 46 0 = C.V. 

370 X 2 

It is obvious that this method gives a measure of the volume of plasma in 
a given amount of blood, and lienee the cell volnmi- obtained by subtraction 
iacludes aU the fixed elements in the blood, and not in the erythrocytes alone. 

The first step in applying this method is for the operator to determine that 
be can make adequate recovery of the d.ve in water or saline, and then in plasma, 
and thus establish his curve. This curve can be used without making a plasma 
deterniinatiou for each blood analyzed so long as the .same lot of dye is used. 

Ho attempt was made to handle the blood without loss of carbon dioxide or 
exposure to. the air, but it was treated with reasonable care. It w'as kept in 
tubes nearly filled and always stoppered, and was analyzed within one hour 
alter venepuncture. All the glassware was carefully' calibrated. It was washed 
in cleaning solution before each use, and then repeatedly washed with distilled 
tvater. If the precaution of using cleaning solution is not observed, the blue 
(lye will adhere to the glass. 

Pive cubic centimeters of blood are adequate for this determination in 
^nplieatc; two 1.0 e.e. samples are measured into tubes containing dye, the vc- 
rnainder is centrifuged to obtain plasma for the blank and for the determination 
nf the concentration of dye in the plasma to cheek against tiie curve. If tlie 
ceutrifugmg is done in a hematocrit tube, the cell volume may be read before 
Ibe plasma is removed, and thus a comparison ?nade without extra blood being 
Mquired. 
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EXPERIMENTAL RESULTS 

We wish to compare the i-esiilts of simultaneous determinations of cell 
volume on the same blood by tlie hematocrit method, tlie cell opacity method, 
and the colorimetric Evans blue method. We used 15 c.c. of blood to enable 
us to make observations on knoi™ concentrations of dye in pla.sma on each 
blood, and quadruplicate determinations of cell volume employing alicpiots of 1, 
2, or 3 c.c. of blood. The results of the 16 consecutive determinations most 
recently made are given in Table I. 


Table I 


rDEXTIFICATIOX 


CELL VOLUME 


DATE 

SL’B' 

JECT 

ANTICO- 

AGULANT 

1 

HEMATO- 

CRIT 

METHOD 
R.B.C. (%) 

2 

CELL 

OPACITY 

METHOD 

(%) 

ty 

O 

HEMATO- 
CRIT 
ilETHOD 
R.B.C. -i- 
BUFFY 

COAT' 

(%) 

12/31 

T. H. 

Oxalate 

49.0 

46.0 

49.5' 

1/ 2 

A. T. 

O.xalate 

4S.0 

46.5 

48.5 

1/ 2 

T. H. 

Oxalate 

47.0 

47.5 

47.0 

1/ 3 

A. T. 

O.xalate 

47.5 

45.5 

48.0 

1/ 4 

T. H. 

Heparin 

50.0 

49.5 

50.5 

1/ 0 

A. T. 

Heparin 

47.0 

48.0 

47.5 

1/14 

G.t 

O.xalate 

31.0 

28.5 

i51 .£) 

1/16 

A. T. 

Oxalate 

49.2 

49.2 

49.7 

1/17 

H. S. 

O.xalate 

47.0 

47.5 

47.5 

1/17 

E.M. 

O.xalate 

41.7 

41.4 

42.2 

1/23 

T. H. 

Oxalate 

49.5 

47,5 

50.0 

1/23 

F. R. 

O.xalate 

46.0 

45.5 

46.5 

1/24 

M. C. 

Oxalate 

45.0 

44.5 

45.5 

1/24 

C. C. 

O.xalate 

40.0 

45.5 

46.5 

1/27 

J. Me. 

O.xalate 

44.7 

45.0 

45.2 

1/27 

A. T. 

Heparin 

43.0 

43.0 

43.5 


Average 

40.6 

46.1 

47.1 

*A standard value 
cell volume. 

of 0.5 volumes per 100 

volumes of 


COMPAEISO.V or 
HESULTS 


EVAKS 

BLUE 

METHOD 

(%) 



added to the red Hood 

tTliis case has been omitted from all aTerages for tivo reasons. ^ Fir. j,j. tlie 
microcytic anemia, in which (as was stated in onlv of the {hp 

cell opacity method are too low. Second, because the should be only 73 o' j 

total cells, the difference between the hematocrit and ^ chown quantitatively m tn ^ 

average difference between the two methods. These variations aie 


case. 


In column 1 are given the values obtained by the liematoen n ^ 
the volume of the red blood cells only. Hematocrit tubes vcie cappe 
at 3,200 r.p.m. for thirty minutes, usually in duplicate. The spec o 
tion was cheeked frequently. Tlie volumes were read ±0.2 to 0. 
wliole blood. Tlie readings ivere in agreement by the in epen en 
of the two observers. 

In column 2 are given tlie cell volumes as measui . ^ -^vliicli was 

method. These values were determined from the Ime given ob- 

e.stablished as follows: The average of the volumes o le „,uLmetieal average 
tallied bv the hematocrit method, was plotted agains i ajilvaiiom- 

‘ -- - - - ---g of determinations, a* 


of the galvanometer readings for this .series 
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eter reading for plasma alone (0 cell volume i is 98. Tlie two points were con- 
iicoted by a straight lino. 

Tlic results of the hematocrit method and the cell opacity metliod are com- 
pared in column 5. IVith the exception ot the first case tlie volumes by the 
ceil opacity method correlate with those of the hematocrit method well within 
llie limits of the agreement originally claimed for the cell opacity method. 



0 1 2 3 <t S 6 7 8 3 10 II 12 13 M 

i5 16 )7 i8 }d 20 2> 22 23 24 25 26 27 28 28 

30 31 32 33 34 35 36 37 38 39 40 4J 42 43 44 

or EVANS BLUE 

'Pis. 1 — ^Concentration of Rvans Wue m T\.tv wag matte from known con* 

cemration of tiie tlye in plasma. For each <l«'UMnim.tti<jn « t c c of plastna was diluted to 10 e c. 
«'«n 0 S5 per cent .sodium chloride solution 

In column 3 are given the total cel! volumi", obtained b.v the hematocrit 
Piethod. A eoimtant value of 0.5 voluine.s per IfMi volumes of blood was added to 
die red blood cell volume, as given in coluitm 1 to obtain the total cell volume. 
We considered this value more accurate than actual reading of the volume of 
Die huffy coat. We selected 0.5 raflicr tinin the more widely accepted 0.6, so 
Diat tlie error, if any, should rnahe the total loo small rather than too large. 

In column 4 are given the cell voliimc.s obtained by the colorimetric Evans 
blue method, as described under Procedure. The values were calculated from 
liie line given in Pig. 1. 

The values given in columns 3 and 4 arc compared in column 6. Tlie 
volumes obtained by the dye metliod never exceeded or oven eiiualed tho.se ob- 
lained by tlie hematocrit method, and averaged 2.1 voinmes (4.5 per cent) less 
Dian the hematocrit values. Four aliquots of the same blood analyzed by the 
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Evans blue method have alwaj^s yielded values vdthin 1 per cent of one another 
(that is, 0.5 volumes of cells per 100 volumes of blood). Inasmuch as duplicate 
hematocrit determinations ahvays agreed within our error of reading, and in- 
asmuch as the absolute accuracy and causes for variation in the hematocrit 
method are uulmovm, it is impossible for us to state the difference between the 
two methods in accurate statistical terms. Approximate analysis shows that 
this value is more than five times the probable error of the difference (V^ of 
the squares of the probable errors) and tlierefore the difference is statistically 
highly significant. Even if the huffy coat were not taken into account tlie dif- 
ference would still be significant. 



Fiff. 2. — Cell volume by the cell opacity method. X = the average of •hf .?Fr|ri",o?utlon 
in this series, which were made with 20 c.mm. of blood suspended in 10 c.c. of citrate . 
and read in an Eveljm pliotoelectrio colorimeter. 


Gregersen and Schiro® found a difference of 4.2 per cent between the re- 
covery of the dye added to whole blood and that recovered in the supernatant 
plasma following centrifugation. This value is in excellent agreement witi 
the difference we foimd between the values for cell volume obtained by t le 


dye method and by the hematocrit method, namely, 4.5 per cent. 

It seems reasonable that the lower volumes obtained by the coloimie ric 
method represent a truer value than that obtained by the hematocrit met o ■ 
The red blood cells, whether they are biconcave disks, or cup-shaped, or sp 
could hardly be packed so tightly that there would be no plasma between lei^^ 
This deduction is subject to experimental verification by seeking for j e m 
packed cells, ■which would prove the presence of plasma between them. 

We added 5 c.c. of oxalated whole blood to a tube containing 4 mg. o 
blue. This was thoroughly agitated until the dym 'wms completely below 

4 c.c. of the blood were transferred to a tube with a constriction s ig y ^ 
the 2 c.c. level. This tube and a hematocrit tube were centii uge ® 
r.p.m. for thirty minutes. The packed cells extended above t e c^s 
The tube was scratched with a file at this point and broken o . pbysi- 
packed cells were then transferred by repeated washings into 
ologic saline solution. This was centrifuged and 10 c.c. of the c ear 
solution, tinged blue, were removed and measured for concen ra 
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blue. The volume of cells removed was determined by measuring the capacity 
of the tube which had contained them. Prom the volume of cells used, the 
concentration' of dye, and the knov-n cell volume, it was calculated that about 2 
per cent of the dye was distributed within the space occupied by the packed 
cells. A similar procedure was used by Grcgcraen and Sehiro' when they washed 
the cell residue with isotonic saline or dye-free plasma and recovered 3.9 per 
cent of the dye. 

Under physiologic conditions leucocytes occupy such a small percentage 
of the total vhlurae of cells that they may be neglected for most clinical purposes. 
By the colorimetric method the total plasma is determined, and hence the total 
cells. "Whether the packed leucocytes contained plasma in the same proportion 
as the packed erythrocytes may under some conditions be an important problem. 
If pure white blood cells could be obtained readily, the problem could be attacked 
in the manner just described for red blood cells. This we have been unable to 
do, but we made orientation experiments. Forty to 45 c.c. of blood were cen- 
trifuged in two tubes specially constructed so that the white blood cells and 
platelets were contained in a constricted column. The buffy coat, admixed with 
less than one-half its volume of red blood cells, was removed and suspended in 
its own plasma. Aliquots of this mixture were taken for measurement of cell 
volume by the homatoerit, the colorimetric, and the cell opacity methods. The 
values obtained by the hematocrit method were 3.0 and 3.3 per cent for the 
erythrocytes and buffy coat, respectively, a total cell volume of 6.3 per cent. 
By the Evans blue method the cell volume was 5.0 to 5.5 per cent, and by the 
cell opacity method it was 3,5 per cent. As in the other experiments reported 
the ceil volume determined by the dye method was less than that given by the 
hematocrit method. The determination is not sufficiently accurate to state 
whether more or less dye is included in the packed white cells and platelets 
than in the packed red blood cells. It is beyond doubt, however, that the white 
Hood cells occupy volume as recorded by the blue dye method. This expcidmenl 
also confirms the previous observations made upon the blood of patients rvith 
Icucemia, that the cell opacity method gives values little influenced by the 
white blood cells. 

DISCUSSION 

The behavior of Evans blue dye in blood has been exhaustively studied by 
Bregersen, Gibson, and their collaborators, ' “ who have used it successfully in 
the determination of plasma volume in vivo. These investigators were so in- 
terested in the use of the d 3 ’e for this purpose that they did not point out the 
applicability of their findings to the detemination of the relative volumes of 
plasma and cells in whole blood. 

AVe have made the assumption that Evans bine is contained whollj- in the 
plasma and does not enter the cells. Gregersen and Schiro* concluded that the 
%e is dissolved only in the plasma, comhined with the scrum protein, and 
that the red blood cells do not permit cither penetration or absorption of the 
^ye. In agreement with their observations we found, as detailed above, that dye 
contained in packed cells is readily transferred to saline solution. Further, al- 
though we used 1, 2, and 3 c.c. aliquots of blood with the same or different 
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amounts of dye, Ave have obtained the same cell volume calculated fi’om a]] 
aliquots, Avithin the experimental error. If the dye had iieeii adsoibed on, orliad 
penetrated into, the cells this finding AA'ould mean that, regardless of eoneenlra- 
tion, the same proportion of dye Avas held by the red blood cells, ivliieli is liiglily 
unlikelAL 

In determining cell Amlume by the hematocrit method the effort was made lo 
have the speed of centrifugation greater than rather than less than the usual 
number of revolutions per minute, and thus to err on the conservative side. 
The larger Amlumes obtained by the hematocrit method cannot, therefore, he 
attributed to spinning the blood at too slow a speed. 

The reason foi‘ making a ncAv eui'Am for the cell opacity method ba.sed on 
the present data instead of using the one prcAdously pul)li.shed, Avas that the 
latter Avould be interpreted in terms of red blood cell A'olume a.s one or two 
A'olumo.s too great. The measurement of cell opacity i.s' an independent physical 
measurement, and its relation to the hematocrit method is purely empirical. 
The absolute value for cell volume calculated from it, therefore, is theoretically 
not of jirime importance ; the main Aurtiie of the method lies in the fact that 
the correlation betAA^een it and another method is close under a given set of con- 
ditions. The original data consisted of observations on a large number of chil- 
dren, some of AAdiich AA^ere aboA'^e and some beloAV the line adopted. In this case 
AA'e have used fcAV individuals, all adults; mostly AA'ith high cell volumes, and 
it may be that aa'c have accidentally selected individuals AA'hose celhopacity read- 
ings fell below the original line.’ All the methods in this study AA'ore carried 
out Avith the greatest precision. In the former study only clinical exactness aaos 
attempted. Therefore, especially for high cell A'olumes, this curve is more ac- 
curate. The difference bctAAmen this curve and the former one decreases as the 


cell volume becomes smaller. . . 

In this series of obsei'Amtions aa'c haA'e been unable to detect any consistent 
difference betAAmen Amines AAdiether 0.2 per cent of oxalate or 1 mg. of hepaun 
per cubic centimeter of blood Aims used as anticoagulant. Neither caused saa c 
ing nor shrinking of the cells sufficient to be demonstrated, even when a iquo s 
of the same blood Avere compared. 

Hemolysis aa'us not Ausible in any samples of blood studied. If any 
present, it Avas probably too small to affect the cell Amlume significantly . 
eA-’ent it AA-as the same in the aliquots coinpared by the three metho s, n ^ 
studies of blood A'olume in viAm bj' the use of BA'aiis blue, Gibson am 
found it necessaiy to analyze .suceessiAm samples of blood in Avhich t le c Cr-i 
hemolysis A-aried. They haA'c .shoAim hGAA-^ to correct adequately 
plicating factor. Such correction docs not appl.y to the present sUk.a, ° 
dym-free plasma is used for the blank, and an,v interference due to im 
is thus eliminated. In Gihson and Evelyn’s studies it AA-as ^ 

undiluted plasma in order to obtain a concentration of dye sufficien o ^ 
the colorimeter. Under our experimental conditions any amomi j o ( 
the saturation point may be used, thus eliminating the necessity 
technique. We used sufficient dye so that the color could le ica 
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iidvanfage ivhca the plasma was dilated to 100 times its volume. This also re- 
duced to a minimum any difficulties whu-h might be due to any interfering 
substances ni the plasma. 

We arc at a loss to account for the fact that Ponder’s findings are not in 
agreement with ours concerning the relationship between colorimetric and 
liematocrit meihod.s. He presented a table’ nhieh he stated “is representative 
o£ the results of many experiments.” In this he compared the cell volumes 
given by his colorimetric hemoglobin method with those obtained by centrifuging 
, the lilood at various speeds and for various times. Two samples of blood 
aiialyr.ed by both methods gave values for tlie volume of a single cell of 85 and 78 
(c’ liv the hematocrit method (spun at 4,000 r.pin.), and 83 and 82 hy the 
coiorimefrie method, respectively. Tims each method gave values both higher 
and lower than the other, He did not include the huff,'* coat.® In our ex- 
perience the colorimetric hemoglohin method yichied results more variable than 
did the Evans blue method. However, the hemoglobin method, as well as the 
Ev.H!S blue method, gave a lower average foe ceil volume than the hematocrit 
method. 

sujniAUv 


A colorimetric method is presented for (he determination of the relative 
volume of the plasma and cells in blood hy tlie use of the Evans blue dye. The 
error is less than 1 per cent. 

Dy this method the total coll volume averages aj>]>ro.siroafely 4-.5 per cent 
(2.1 volumes per 100 volumc.s of bloodl less tlian Dmt obtained by the hematoerit 
method. This discrepancy is probably aeeounteil for by tlie plasma which lies 
between the packed cells. 
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PLASi\IA ALBUMIN, GLOBULIN, AND FIBRINOGEN IN HEALTHY 
INDIVIDUALS FROM BIRTH TO ADULT LIFE® 


I. A System of IMicroanalysis 


Robert M. Hill, Ph.D., and Virginia Trevorrow, Ph.D. 
Dena’er, Colo. 


F or the past eight years we have been gathering data on the levek of the 
plasma proteins in healthy infants and children. In this work it is fre- 
quently necessarj' to use very small samples of plasma. To accomplish our task 
we have adapted existing analjdieal methods to microprocediires and have added 
certain tecliniques, all of which taken together have developed into a system of 
analysis for the plasma proteins that has become routine in our laboratorj . 

In view of the relative dependability of salting-out methods, we have based 
our separation of the plasma protein fractions on procedures similar to those of 
the “Howe teclmique. With respect to the separation with sodium sulfate, 
we have found that this procedure may be carried out at I'oom temperature an 
that, when filtration is used for the removal of the precipitated globulin, t ere 
is a loss of albumin seemingly due to adsorption by the filter papei. Dining t ic 
course of the present ivork, both of these findings have been reported bj Ro inson, 
Price, and Hogdcn,-’ ’’ and the latter one has been confirmed by Hairis. 
addition, ive have found it po.ssible to determine serum globulin, or p asn^^ 
globulin plus fibrinogen, directly in samples which do not show a maike 
The nitrogen content of the fractions is determined by means of a raicio- F 
procedure. AVe have devised a distillation apparatus which maj m easi j 
inexpensively constructed from ordinary laboratory glassware, an v nr 
proved very satisfactory in the hands of many workers in this la loia o J 
In this, as in any mieroanalytie work, the factor most essential to 
is strict attention to detail. AVe are, therefore, presenting oui me m j 
length, together with a critical analysis of the results obtaine . ^ 
future we shall present the values obtained in our study of hea 
from birth to adulthood. 

3METHOD 

A complete anaU'sis consists of duplicate determinations 
following fractions : (1) total nitrogen, (2) -..o^en. For 

(4) albumin plus nonprotein nitrogen, and (5) globulin P ihrsampl®. 
ft's, eight 0.1 C.C. samples of plasma arc neeaed. In 
0 1 c.c. pipettes, which have been recalibrated, aie use . 
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on the volnme cadi pipette will contain. Throughout the procedure, all tubes are 
iept tightly stoppered to avoid errors due to evaporation. 

Jtcagents: 

10% sodium timgstate, nitrogen free 
S/3 iV sulfuric acid, nitrogen free 

Sodium hydroxide.potassmm dihydrogen phosphate buffer for fihrjnogen 
and globulin precipitants: 

10.05 Gm. of potassium dihydrogen phosphate 
508.0 c.c. of 0.1 N sodium hydroxide 
Wafer to make 1 liter 

According to Howe,'* this amount of potassium dUiydrogcn phosphate per 
liter would be equivalent to 6.98 Gm. of sodium sulfate for the precipitation of 
fibrinogen, or 7.76 Gm. of sodium sulfate for the precipitation of globulin. 

fibrinogen Precipitant; 

101.6 Qm. of sodium sulfate (anhydrous) 

Buffer to make 1 liter 

This solution has an effective prccipitafing strengtli of 104.6 Gm. plus 6.98 
Gm., or 111.58 Gm. of sodium sulfate per liter. After dilution with plasma 
(0.1 C. 0 , of plasma to 1.0 c.c. of precipitant), the .strength is 106.0 Gm. per liter. 

Globulin Precipitant; 

215.5 Gm. of sodium sulfate (anhydrous) 

Buffer to make 1 liter 

The final effective strength of the globulin precipitant after dilution with 
plasma and correction for tlio buffer salts is 215.0 Gm per liter. 

Both the fibrinogen and globulin precipitants may be slightly hazy at first, 
and after a few days may develop a floccnient precipitate. The solutions with 
ihe precipitates may he iwed, provided that 5 c.c. samples are found to be free 
of nitrogen after digestion, distillation, and ncsslerization. Because of the 
buffer present, tlio solutions cannot be directly nesslerized. 

digestion Mixture; 

Gencentrated sulfuric acid (C.P.) 3 volumes 

“Syrupy I ' phosphoric acid 1 volume 

Mydrogen Peroxide, 30 per cent solution. Should not contain more than 
0.025 mg, nitrogen per cubic centimeter. 

Saturated Potassium Hydroxide. 

Indicator; 

1.250 Gm. of methyl red 

6.825 Gm, of methylene blue 

20 per cent ethyl alcohol to make 1 liter 

The acidity of the indicator must be detemined by titration with N/iO 
sodium hydroxide, so that the proper correction may be made in the final calcula- 
tion. 
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Stand-ard Sodmm Hydroxide. A carbonate-free 0.1 N solution of .sodium 
hydroxide is prepared and standardized against purified potassium acid 
phthalate in a concentration of 2 Gin. per 100 c.c. 

Standard Sulfuric Acid. This solution should he free of ammonia, and for 
convenience, the normality should not be greater than that of tlie .sodium 
hydroxide, since 1.0 c.c. of the solution is to be titrated witli sodium liydro.xide 
from a inicroburette of 1.0 c.c. capacity. 

Nessler’s Solution. 

Stock Ammonium Sulfate, 1.0 mg. nitrogen per 1 c.c. in 5 per cent sulfuric 

acid. 

Dilute Ammonium Sulfate, 0.04 mg. nitrogen per 1 c.c. 

The solution is prepared by diluting 1 c.c.' of the stock solution to 25 c.c. with 
water and is cheeked bj" Kjeldahl analysis of 10 c.c. portions. 

Heparin."' For plasma analysis Ave have used heparin as the anticoagulant. 


PREPARATION OF THE SAHPLE.S 

Total Nitrogen. One-tentli cubic centimeter of plasma is added to 1.0 c.c. of 
Avater in a 25 by 200 mm. pyrex test tube. The jiipette is washed several times 
AA’ith the mixture and allowed to drain thoroughly. Tlie final drop is hloivn out. 
One cubic centimeter of digestion mixtiu’e is added. 

Nonprotein Nitrogen. One-tenth cubic centimeter of plasma is added to 
e.xactlj' 1.0 c.c. of water in a 15 c.c. pointed centrifuge tube. The pipette is 
Avashed AAutli the mixture, drained, and the last drop is blown out. Onedenth 
cubic centimeter each of 10 per cent sodium tungstate and % N sulfuric acid aie 
added. The mixture is stirred uuth a small glass rod, care being taken not to 
spread the precipitate over the tube aboA'e the fluid level. This is ceiitrifuget 
(fifteen minutes at about 1,800 r.p.m.), and the clear fluid is transferred 
means of a eapillai’y tube to a clean dry test tube. Great care must he taken to 
armid including any particles of the precipitate during this transfci. 
aliquot of 0.7 c.c. of this is placed in a 25 In* 200 mm. pyrex test tube, an 

c.c. of digestion mixture is added. i , i qn 

Fibrinogen. One-tenth cubic centimeter of plasma is added to exact a ■ ^ 
c.c. of fibrinogen precipitant in a 15 c.c. tapered centrifuge tube, the pipc e i^ 
Aimshed three times ndth the solution and drained. In adding the plasma, ic 
of the pipette is placed about inch under the .surface of the precipitan 
alloAved to drain. The plasma rises from the tip to float on the suifaec, am 
pipette is carefully Avashed three times Avith the clear underlying m . 
final Avashing, the pipette, filled AAuth clear fluid, is AvithdraAim so that t 
against the tube just above the fluid. The pipette is alloAved to diain aa n e 
rotated against the tube, thus Avashing back any particles adherent o ^ ^ 
surface. The final drop is bloAvn from the end of the ihpctte, an 
of the tube are mixed by rotation and allowed to stand. Aftei stan uIh 
hours, the precipitated fibrinogen is centrifuged doAvn to a compac 
mass. This requires ten to fifteen minutes at about 1,800 ypgj. to 

supernatant fluid is poured off, and tlie tube is inverted oaca cv ^ 

•Heparin, obtained from the Connavsht Laboratories. Toronto, co ' ’ ] 

milligrani has been founU most satisfactory. 
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drain. One and iiinc-tentli,s to 2.0 e.c. of filn-inosen precipitant are added torthe 
tube, and the contents are mixed, ceutrifuaed, decanted, and drained. Tiie 
fibrinogen pellet is transferred cinantitatively to a 25 by 200 mm. pyrex test 
tube by means of 2 to 5 e.e. of watei-. One cubic centimeter of digestion mixture 
is added. 

Ill precipitating fibrinogen it was found that, altliongb tlie protein bad 
flocenlated within three hours, longer standing tended to yield slightly higher 
values. A scries of fibrinogen del crminal ions were done on 83 samples of plasma 
ill which two fractions of each sample were allowed to stand three hours, after 
wliieli tlie supernatant fluids were removed and allowed to .stand for twentj'-onc 
lioui's longer. Another set of duplicates was allowed to stand for twenty-four 
boms before being centrifuged. The mean value for those standing for three 
lioiu'.s wa.s 0.18S per cent fibrinogen, and for Iwenty-fonr hours, 0.204 jicr cent. 
In 8 of the pla.sma .samples the iiierca.so after three hours wins greater than 0.04 
per cent, an amount easily detected: .vet in no case wa.s there any further salt- 
ing-out of protein in the supernatant fluids removed after three hours, as would 
be expected if the increment were due to continued precipitation of the 
fibrinogen. Conscqiientl.v, it wa.s deemed pos.sible tiiat the inerca.se with longer 
standing may ho duo to adsorption of other proteins upon the already pre- 
cipitated fibrinogen. In a scries of anal.v.ses of .5 .samiilcs of plasma, the fibrino- 
gen was determined after intervals of one hour, two, three, six, nine, twelve, and 
twenty-four hours' standing. In eaoK ease there was a sharp rise to the three- 
boiir sample, after which the eitrve leveled. It was, tlicreforc, decided to stand- 
ardize the procedure, u.sing this interval of time for the fibrinogen precipitation. 

Albumin Plus Noni>rotcin Niiroyen. One-irnth ruble centimeter of plasma 
is added to exactly 1.90 e.e. of globulin i>reeipitant in a 15 e.e. tapered pyrex 
centrifuge tube. The adclilioii is made in the same manner as that used for 
fibrinogen, and the contents of the tuiie are mixed and allovvcd to stand for 
three hours at room temperature. IVe have found that longer standing, up to 
twenty-four honr.s, doe.s not alter the amount of globulin precipitated. The 
tabes are tlien centrifuged for fort.v-five to sixty minutes at 2,600 r.p.m. In all 
eases studied, except tbo.so showing a marked Upemia, this centrifugation has 
been suflieieiit to remove tlie globulin as a .small, fairly compact mass, leaving a 
erystal-clcar supernatant albumin solution. This clear solution is transferred 
by means of a capillary tube with bvdb attachment to a clean, diy test tube. 
Oae cubic centimeter of the albumin sointioii is pipetted into a 25 by 200 mm. 
Pyrex test tube, and to it 1 e.e. of digestion mixture is added. The precipitate 
>s s.avcd for globulin anal.vsis. 

In those cases in which the plasma shows an extreme lipcinia (in our work, 
Infants, bled one to two bonrs after feeding), it is diffienlt or impo.ssiblc to re- 
move the globulin by centrifugation. In a few such instarice.s, the pi'ecipitafe 
rose to the top on prolonged eeiitrifngation, and the clear siibiiataiit .solution 
tva.s removed for albumin determiiiation. More often, however, the precipitate 
failed to separate completely, and if was necessary to remove it by filtration. A 
small (1 to 1.5 cm.) funnel was fitted with a 2.5 cm. filter paper (nitrogen free),* 

'The tUter papei must be tested for soluble nitrogen. 
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by .moistening with 95 per cent ethyl alcohol and drying in a current of air. The 
funnel was then placed in a test tube supported inside a large, strai^ht-ivalled 
desiccator containing globulin precipitant to a depth of one inch. The desiccator 
should be covered during filtration, allowing the air to maintain water equilih. 
rium with the globulin precipitant and thus prevent evaporation from the 
px’Otein solution. The solution should be repeatedly filtered through the same 
paper until the filtrate is clear. One cubic centimeter of filtrate is used for 
albumin analysis. 

In cases where the solution is filtered through paper, a correction is neces- 
sary because of the albumin adsorbed on tbe paper. This correction is de- 
termined by running a series of albumin analyses in which the values obtained 
by filtration and centrifugation are compared. In a series of 50 such determina- 
tions in our work, the filtrate albumin was lower than that in the centrifuged 
supernatant solution by 4 per cent of the amount present in the latter sample. 
This figure would probably vary with the size and quality of filter paper used.® 
Robinson, Price, and Hogden^ have obviated tlie need for this correction by first 
saturating the paper "with albumin, then filtering a second portion of the solu- 
tion through the same paper. This method was not practical in our work, since 
only a small amount of plasma was available for complete analysis. 

Centrifugation and filtration are carried out at room temperature since, 
in agreement with the work of Robinson, Price, and Hogden,^ we have found no 
difference between these results and those obtained when the precipitation and 
removal of globulin are done at 37° C. Our work was done at 25° to 35° C. 
Although no determinations were completed at temperatures below this point, 
it seems likel}'' that the results at 20° C. would be comparable, since sodium 
sulfate does not crystallize from the solution at this temperature. 

Gloiultn Plus Pihivffen. Tlie precipitate remaining after removal of 
the albumin solution (by centi'ifugation) is washed with 2.0 c.c. of globulin 
precipitant. For tliis 'wasiiing, one drop of the finid is added, and the precipitate 
is first broken up and suspended in this small volume by gently tapping the 
tube, then the remainder of the 2.0 c.c. is added. To the mixture 0.1 e.c. of 
water is added. This amount of water dilutes the precipitant to appro.ximateb 
the same concentration of sodium sulfate ivhicli was used originally ; however, its 
chief function is to lower slightly the specific gravity of the medium and to in- 
sure removal of the precipitate on subsequent centrifugation. 'With clear or 
slightly lipemie plasma samples the 0.1 c.c. of water is unnecessary, since the 
precipitate may be removed by centrifugation and the error caused by the bighcr 
concentration of sodium sulfate is negligible. With a moderate lipemia t ic 
globulin remains suspended upon centrifugation unless this water has men 
added to the washing fluid. The above mixture is centrifuged for 
minutes at 2,600 r.p.m., and the fluid is I’emoved and discarded. The precipi a e 
is washed a second time, centrifuged, and the washing fluid is discaidei. 

The precipitate of globulin and fibrinogen is now transferred to a 25 hj - 
mm. pjmex test tube. Approximately 1 c.c. of water is added to the precipi a c 


•AVe have used E. and D. No. 613, smooth finish filter paper. 
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and allowed to stand for ten minutes or longer. This loo.sens the pellet so that 
it can he transferred as a whole to the digestion tube. The centrifuge tube is 
washed with three or more successive small portions of water. One cubic 
centimeter of digestion mixture is added to the precipitate plus washings, and the 
tube is heated in a boiling water hath for thirty minutes, or until it begins to 
show discoloration. This preliminary heating avoids e.xccssive foaming in the 
subsequent dige.stion. 

In cases where the globulin is originall.v removed h.v filtration, it is discarded 
and the amount pre.sent is determined by difference. 

DIGESTION OF SAMPLEIS 

Each of the tubes prepared as outlined above is treated in the foUoiving 
manner; Add 2 or 3 glass beads. Heat with a mieroburner until dense fumes 
of sulfur trioxide are given off. Cool. Add 2 drops of 30 per cent hydrogen 
pero.xide, and heat as before. Cool. Add 1 drop of tlie hydrogen peroxide and 
again heat until fumes arc given off. Cool, and repeat, again using 1 drop of 
hydrogen peroxide. Cool well and add about 10 e.e. of water. 

DISTILL.VTION OF .NITROGEN 

Ammonia from each of the samples of albumin, globulin plus fibrinogen, 
and total nitrogen is distilled into e.xaetly 1.0 e.e. of standardized N/10 sulfuric 
acid contained in a test tube of 20 to 30 c c capacity. The nonproteiu and 
fibrinogen nitrogezis are distilled into 1 0 cr. of the acid in a Peebles-Lerris 
colorimeter tube.® If the Peebles-Lewis colorimeter is not used, the ammonia 
can be distilled into a graduated test tube and an appropriate aliquot taken 
for nesslerization. 

Fig. 1 is a diagram of the completely assembled distillation apparatus, 
which is similar to that of Prcgl as modified by Goebel.' The only important 
new feature is the reservoir (/) of redistilled water attached to tube S through 
a slightly constricted opening, as indicated in Fig. 1. "We also use a current 
of air Washed with 10 per cent sodium hydroxide and 10 per cent sulfuric acid 
rather than the steam distillation employed by Goebel. The inverted flask. III, 
serves as a trap and equalizes the air current through the apparatus. The entire 
apparatus may be easily assembled from ordinary' laboratory glassware, and is 
mounted upon a single ring stand. Especial care should be taken to insure a 
close fit of the stopper a to the digestion tubes (/F) and to the tubes A and B. 
Any space which may fill with condensed steam serves potentially as a trap to 
retain ammonia. lYe have used a quality of stopper designated as “sulfur-free, 
translucent, floating stock,” and have replaced the stopper at the first sign of 
•spreading around tubes A and B, or of hardening of the rubber. Tube B has a 
2 to 3 uvm. hole in its upper surface about 2 cm. from the lower end, and just 
below stopper a. This allows a free passage of air and steam through the ap- 
paratus at the same time that condensed steam is draining back from B to the 
test tube IV. 

The distillation procedure is as follows: Clamp the digestion tube (IV) in 
position. Place the receiver (F) containing 1.0 c.c. of acid in the beaker VI and 
put it into position as shown in Fig. 1. The beaker is half filled with cold w-ater. 
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Fill the burette 11 by means of clamp 1. Start the current of air -with clam]) -1 
open ; then by slowl.-\" closing 4, the air is directed as a moderately rapid stream 
through the apparatus. Witli the air flowing, slowly add 4.0 c.c. of the saturated 
potassium hydroxide to tube IV by opening clamp 2. After about one mimite 
begin heating tube IV with a mieroburner, and continue heating and aeration 
until steam begins to enter the receiver fluid as determined by the crackling 



Fig. 1. 


noise produced (about two minutes). At tins point, , I jjjjQve ibc 

clamp 4, stopping the flow of air. Lower the receiver ' a finger over 

fluid level. If necessary, blow out tube C by momen an ^ 
the rubber tube below clamp 4, but do not run a ‘ distillation ap- 

the apparatus. Wash back the ascending the apparatus 

paratus with water from I by opening clamp 5. - ” , . the air, and heal 

lill su* fl,c ».«.• l»ck into ;v-. Now raise tsi, » 

„„til steam asain reaches the ae.d, StJ j, will. Il.e 

Kepeat this procedure once more. Attei tne n 
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receiver still in its lowered position, start the air and admit a small amount of 
water at clamp 3. This will be blown throush C into the receiver. Again heat 
tube IT, and contimie aeration and boiling for about two minutes. The total 
volume of the distillate and wa.shiiig.s should la- about 8 c.e. 


determination ok ammonia in the distillates 

Totn}-, Alhnmhi; and GlohnUn-Phis Fih)ino(fen~Nitrogcn. To the distillate 
add 3 drop,? of indicator and titrate witli .standard sodium hydroxide until no 
further eliangc of color is produced by the addition of more alkali. Wc vise a 
nrodified Rehlterg® burette of 1.0 c.e. eapaeity, caiiln-ated to 0.01 c.e. The read- 
ing is e.stiniatcd to 0.001 e.c. 

Nmiprofcin NUrogen iind Fibrinogen. The di.stillate in the Peebles-Lewis 
colorimeter tube is made uj) to 8.0 e.e. with water. To this are added 2.0 c.e. of 
Kessler’s solution, and comparison is made with standards prepared at the same 
time as the unknown solution. Two standards are prepared as follows; 



1 

IT 

Animonium sulfuto 

I.O (M*. 

2.0 c.c. 

(0,04 mg. nitrogen por 

PontimHoi i 


^VutOl to irmUo 

In 0 

10.0 c.c. 

solution 

4 0 c.c. 

4.0 c.c. 


In making tlio color comparison, the unknown is left at a volume of 10 e.c., 
and the standard Is ad.iustcd to match it. The volume required is recorded. 

With extremely high values for nonprotem or fibrinogen nitrogen, it is 
necessary to use an aliquot of the distillate, therefore, it is advisable to add 
Neaslcr's solution to only one of each pair of duplicates until the approximate 
ammonia concentration lias been dclernuncd. 


nKTF.RSIINATlON OF Bl.VN'KS 


Two cubic centimeters of digestion mixture and 8 drop.s of 30 per cent 
liydrogen peroxide in a 25 b.v 200 mm. p.vrex test lube are iicated to dense fiime.s 
of sulfur trioxide. Tliis is cooled well, and 10 e.c. of water are slowly added. 
Duplicate samples are distilled for titration and for iicsslerization, using 8 c.c. 
of saturated potn.s.sium liydroxidc. The distillate for nesslerization is made up to 
8 c.c,, and 2 c.c. of Ne.s.slor',s solution arc added Tlii.s is compared with a 
standard containing 1 c.c. of ammonium sulfate, 23 e.c. of water, and 6 c.c. of 
Ko.sslcr’s solution. The value found is divided by 2 to obtain the correction 
blank. 

We have found the ammonia blank for these reagents to equal the acid 
blank of 2 to 4 drops of indicator, and for convenience we have ad.)usted the 
atuoimt of indicator between the.se liinit.s to eaneel the ammonia blank in tlie 
samples for titration. 

CALClinATKlN OP BF,sri.TS 

A'oiiprotciii Fitrogen: 


Iti'ailing of ,<iln n !liirtl 

Si 


X mg. nitrogen in .stnnaanl = mg. nitrogen in distillntc. 


qtg. nitrogen in fetiUate - Mank) x j^xJOO _ nProgen per 11)1) c.e. 
Volume of plusinii Mimplo x 
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Fibrinogen. The calculation is similar to that for nonprotein nitrogen. 
The value for milligrams nitrogen per 100 c.c. is converted to milligrams protein 
J)y multiplying by the factor 6.25 ; this is divided by 1,000 in order to express 
the final result in terms of grams. 

Total Protein : 

c.c. N/IO sulfuric acid + indicator blank - c.c. N/10 sodium hydroxide - mnmonin 
blank = c.c. N/IO ammonia distilled. 

c.c. N/10 ammonia X 1.4 x 100 

of plasma sample = “S- total nitrogen per 100 c.c. 

Mg. total nitrogen - nonprotein nitrogen 

Tobb ^ ~ P’'®*®'*’ P®*" 

Albumin. The calculation is similar to that for total protein, except that 
the value for milligrams nitrogen must be multiplied by 2 since an aliquot equal 
to one-half of the albumin solution was used. 

Globulin Plus Fibrinogen. The calculation is similar to that for total 
protein, except that no correction is made for nonprotein nitrogen. 

REPRODUCIBILITY OF RESULTS AND A CONSIDERATION OF THE 
' ‘ SALTING-OUT ’ ’ PROCEDURE 

The accuracy of the Kjeldahl procedure may be judged from the results 
obtained in a series of 24 analyses of the total nitrogen in 0.1 c.c. fractions of a 
single sample of plasma. The 24 determinations gave a mean value of 1.187 mg. 
nitrogen, with a standard deviation of 0.011 mg. nitrogen. The highest value 
obtained, 1.220 mg., is 0.033 mg., or three standard deviations above the mean, 
and the lowest value, 1.168 mg., is 0.019 mg., or about two standard deviations 
below the mean. The results obtained on a series of 100 consecutive complete 
determinations wei’e also analyzed statistically.” The standard deviation anc 
standard error of the difference between duplicates for each fraction are gnen 
in Table I. 



Table I 



Accuracy of the AIethod 



NITROGEN FRACTION 

STANDARD DEITATION OF 

difference 

STANDARD ERROR OF 
niFrERENCE 

Total protein 

Albumin 

Globulin + fibrinogen 
Fibrinogen 

Nonprotein nitrogen 

Gm. protein per 100 c.c. j 
0.072 

0.07T 

0.035 

0.00S7 

Mg. nitrogen per 100 c.c. 
1.123 

Gm. protein per lUO e.i.. 
0.101 

0.109 

0.049 

0.0123 

Alg. nitrogen per 100 c.c. 

1.742 


In routhie analj-ses a value obtained in a single determination 
vdthin two standard deviations of the true value in 95 per cent of t le e 
When duplicates are run, the results should differ by not more than tuo s ai 
errors in 95 per cent of the cases. Thus, a single determination o 
protein by this method will give a value within +0.15 Gm. per 100 c.c. o 
value in 95 per cent of the analj'ses run. Similarly, it is unlikely t a i 
obtained for albumin is in error by more than +0.15 6m. ; for g o 
fibrinogen, + 0.07 Gm. ; for fibrinogen, ± 0.017 Gm.; and for nonpio ei 

+2.5 mg. per 100 c.c. 
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This concept of the accuracy of the method is based upon the assumption 
that an exact separation of the different protein fractions has been accomplished 
by the salting-out procedure. It is rvell known that a single “salting-out” 
will not quantitatively separate the two tj-pes of plasma protein, the albumin 
and globulin. In order to avoid this difficulty and still preserve tlie significance 
of analj-tical work, the terms “albumin” and “globulin” liave come to mean 
those fractions of the pla.sma proteins which are separated by a single precipita- 
tion with sodium sulfate at a specific concentration and under controlled con- 
ditions. In the present work we have followed this accepted usage of the terms. 



Chart 1. 


Our choice of definitive conditions and concentrations of sodium sulfate 
is based largely upon the findings reported by Howe. This author'" lias shown 
fi>at the separation of fibrinogen with 10.6 per cent sodium sulfate gives values 
comparable to those obtained by other methods. In our work we have found that 
sodium sulfate in this concentration does not remove any of the protein from 
“rum. It can, therefore, be concluded that no fraction other than fibrinogen will 
iie separated from plasma unless it is adsorbed by the fibrinogen. In studying 
fto protein precipitation with increasing concentrations of sodium sulfate. 
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Howe” found a critical zone between 20 and 22 per cent witli plasma dilutions 
of 1:10. In our work the plasma dilution has been 1:20; however, this greater 
dilution has not produced a significant shift in the critical zone, as can he seen 
in representative curves given in Chart 1. In the curves of this chart an ad- 
ditional critical zone is shoira at 18.5 to 19.5 per cent sodium sulfate, whieli 
was not found with some plasma samples. In all cases studied, covering a wide 
range of absolute values, the curves in the region of 21.5 per cent sodium sulfate 
were similar to those shoivn. Since this strength of sodium sulfate is usually 
employed for globulin precipitation, and does fall within the critical zone, we 
have continued to use a 21.5 per cent solution of the salt. Judging from the 
curves of Chart 1, it would seem that the use of 21.0 per cent sodium sulfate may 
be preferred, since this concentration falls more nearly at the center of the 
critical zone. It is probable that analytical results would not be significantly 
altered by this change. Although the separation of globulin and albumin is not 
complete, the values obtained on a given sample of plasma can be re])rodnced 
with considerable accuracy, and those on different samples of plasma should be 
comparable. 

Chorine” has shown that the apparent plasma protein concentration may 
be markedly influenced by the nature and the amount of the anticoagulant used. 
According to this author’s work, as well as that of others, heparin produces 
at most only a very slight change in plasma concentration. We believe, tbeic- 
fore, that our results give a true estimation of the amount of the circulating 
plasma proteins, unaltered by the anticoagulant which is added after the bloo 
is drawn. 


SUSIMARY AND CONCLUSIONS 

1. A method is presented for the separation and Kjeldahl analysis of the 
fibrinogen, albumin, and globulin of plasma. 

2. A complete analy^sis of total nitrogen, nonprotein nitrogen, fibiinOo 
albumin plus nonprotein nitrogen, and globulin plus fibrinogen may le ( one 
duplicate on 0.8 c.c. of plasma. 

3. A simple but accurate modification of existing micro-Kjeldahl pioce 
has been devised. 
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AN IMPROA'ED EAT CAGE POE METABOLISM STUDIES'^ 


Haxs Selye, M,D., Pii.V., Lucy B.issett, R,N., ,i,vd K.ii ATelsea’ 
Montreal, Canada 


D UEIA'G the last few years the wcll-tnomn wire drum and glass funnel 
metabolism cages have been in use in this department, but just as in other 
Jalioraiorios, wo found that this cage had many dis, advantages (contamination 
of feces and urine with food, washing of feces hy urine, evaporation of urine, 
etc.). In the course of time many improvements liave been made by members of 
this laboratory, using similar cages for metabolic studios, and gradually an 
entirely new type of cage was developed uliicli eliminates most of the disad- 
vantages mentioned. Since this metabolism cage proved very satisfactory, we 
Irish to doseriho it hero briefly in the hope that it will prove useful to other 
investigators as well. 

Fig. I shows the complete unit of si.v cauc.s with all parts assembled, as it 
appears when in use. 

Pig. 2 shows the individual parts: 

Cade, 7 by 8 by 5 inclies of galvanised iron with wired top edge, having 
a hinged wire mesh door or lid (4 to 1 inclies) fastened by means of a bronze 
floor clip. The base of the cage is of wide wire mesh as indicated, to allow feces 
to drop through. Two outlets 1% inches in tlie front end of the cage enable 
the rat to obtain food and water. Tlicsc lioles must be placed high enough in the 
irall of the cage so that it becomes necessary for the rat to place its front paws 
on the edge of the hole when it tabes food. TJiis arrangement prevents the an- 
aaal from lifting food into the cage where it would become mbeed with ex- 
orements. Therefore, tlie height of the holes must bo chosen according to the size 
of the rat. Above, center, is a small hole into w'hieh hfs a rivet on the diet box 
ivhich holds the box securely fastened to the cage front. An angle rest (as 
shown), front and back, supports the cage on the rack. 

Piet Sox. This bo.v Sl/o by 2% by 4 inches of galvanized iron is divided 
into two compartments. One forms a food bin of wire mesh for gross food ; the 
other, with a dividing shelf with hole in center, allows tip of water bottle to pass 
Ij^tough; this shelf acts as a support for the bottle and prevents the eating of 

•Prom the Dop.Artmont of Anatomy, McGill University, Montreal, 

Recclvca for publication. April 38, 1!UI. 
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the rubber stopper by the rat. Below these two compartments is sufficient space 
to insert a two-compartment drawer which is used to hold gvoimd food on one 
side and to catch drips from the AAmter bottle on the other. If extreme acciiracv 
in determining of food intake is required, only ground food sliould lie admiii- 


■ 3/lG" ISS, 








j/£" M7C1E SSST ' ' — 


DIET BOX 


tuhhel 


, : 


istered, since this can be measured exactly before and after j 3 

weighing the contents of the draAvers. Wlien the animal is ^ 

small tray replaces the food draAver, fills in the space and 
crawling through the outlets into the diet box and the eonseque 
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Back. Legs are of % by %(; inch flat bar welded to 1 by Vo inch angle iron ; 
runway for funnels of 1 by i/5 by Vfe inch angle iron extending from end to end 
of the rack. Flat bar spacers % by % inch are welded to side bars front and 
back, spaced along the length of the rack at a distance of the ividth of each cage 
to prevent cages from sliding out of position over the funnels. 

Funnels, Constructed of monel metal throughout are pyramidal in shape. 
Inserted in each funnel is a monel wire mc.sh rack similar in shape but somewhat 
less deep than the funnel and having a monel “toad stool’’ in the center. The 
toad stool is .so constructed that the feces dropping from above roll off and collect 
in the rack at the base. The urine runs off the stool and drips directly through 
the mesh into the deeper funnel below wilhoul washing the feces. The funnel 
drains into an Erlenineycr flask fastened by means of an airtight rubber stopper 
placed over the end of the funnel drip tube. This arrangement keeps evapora- 
tion of urine at a minimum. 

As will he seen a supporting rivet Is placed on both sides of the diet box ; 
the use of one has already been described. Tlie second is used when both 
fasting and thirst arc desired. In this case it i.s pos.sib!o to turn the diet box 
around, thus presenting a solid front toward the rat and covering the outlets 
of the cage. 

The main advantago.s of tills cage arc : 

(1) No contamination of feces and urine by food. 

(2) No washing of feces by nrinc. 

(3) Achievement of extreme accuracy in measurement of both food and 
water intake. 

(i) Jlinimum nrinc evaporation. 

(5) The eage.s are relatively inexpensive because tliey are unbreakable and 
last proof. 
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THE PHOTOGRAPHIC ASPECT OF LIGHT REFLECTION FROM 

HTBIAN SKIN* 

R. V. Dent, F.R.P.S., F,I.B.P., F.R.M.S., Shanghai, China 


C ONSIDERABLE study has been given to the transmission and penetration 
of light through human skin, but it would appear from the literature that 
little attention has been given to the photographically important question of 
reflection, of light from human skin. Experience reveals wide variations in the 
photographic appearance of skin taken under different conditions. (1) Such 
variations are attributed to the color sensitivity of the emulsion used, the color 
temperature of the light source, and/or the use of color filters. These e.\'pLna- 
tions are inadequate since they place the subject on a par with, the photography 
of colored objects and their translation into monoclirome; they do not account 
satisfactorily for the need to use make-up to secui’e good photograplis in color 
of the human face, and stiU less do they explain the cause of the variations in 
texture and definition shown by photographs of human skin taken by reflected 
light of different color temperatures. (2) Jlore particularly, they affoid no 
imderstanding of why skin photographs are waxlike under red light and shon 
crisp definition under blue light. 

The thesis of this paper is that human skin is a living tissue vith definite 
characteristics with regard to the response of different wave lengths to light, an 
that the true explanation of the differences shown in photographs^ is to w 
found by' ascertaining the level from which reflection of light is taking p ac 
The basic point of this thesis is that different wave lengths of light are re ec e 
from different levels (depths) of human skin, and this introduces four a 
tional factors : penetration, absorption, reflection, and scatter, consi era ion 
which is necessary for a complete explanation of the results obtained. 

Skin varies considerably in thickness in different parts of. the body, c^^ 
cross sections from the back show greater thickness of the 
than similar cross sections from the back of the hand (Fig. 1, 

Similarly, skins from the palm of the hand or sole of the foot vary m 
and there is thus no one area standard for the whole body. For t e p 
of experiment, skin from the back of the human hand was used throug o 
Fig. 1 is a photomicrograph of a transverse section of skin 
of a hand of a Chinese and shows its structure and various layers. p|,otO' 
shown the approximate levels at wliicli it would appear b.v expeiimen 

•TYom tlie Department of Scientific Pliotoffraphy. Henr> I^ester I 
Research. 

Received for publication. June 20. 1911. 
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graplis that t3ie light used ivas reflected. Siicii levels must necessarily k up- 
proximate only, because, as previously stated, human skin in any event varie.s 
in thickness. 

Experiments in photographing through .skin and fle.sh indicate" that a 
powerful beam of liglit has considerable penetrating power and tliat, as is logical, 
the stronger and more concentrated the light, the greater the penofration ajid 
transmission. Such experiments further reveal that the transmission is mostly 
tt)ward the red end of the spectrum and progre-ssively decreases as if approaches 
violet and ultraviolet.®'* This confirms re.sults obtained photogiaphically hy 
reflected light. 

TABI/E I 


FIGURE 

XO. 

H.VXD 

PLATE USED 

ILEUMIXATION 

USER 

2 

European 

Special rapid 

Quartz mercury 
vapor 

3 

European 

Special rapid 

Half-watt 

4 

European 

Panclu-omatie 

Half-watt 

a 

European 

Panchromatic 

Half -watt 

0 

European 

Panchromatic 

Half-watt 

7 

European 

Infra-red 

Hnif-watt 

U 

Icdian 

Special rapid 

Quartz mercury 
vapor 

15 

Indian 

Infra-red 

Half-watt 

S 

European anc! Chinese 

Infra-red 

Half-watt 

9 

European and Cliinese 

Panchromatic 

Half-watt 

10 

European and Chinese 

Panchromatic 

Half-watt 

31 

European and Chinese 

Special rapid 

Half-watt 

12 

European and Chinese 

Special rapid 

Quartz mercujy 
vapor 

in 

Case o£ pellagra, Clii- 
nese 

Special rapid 

Davlight 

IT 

Case of pellagra, Chi- 
nese 

Panchromatic 

Daylight 

18 

Case of pellagra, Chi- 
nese 

Infra-red 

Daylight 


FILTKr. VSfD 


Tri-blue 

Tri-blue 

Tione 

Pefa 

iTri-re(t 

Infra-red 

Tri-blue 


|lnfra-reil 

rri-rcd 

iMone 

Tri-Wuc 

Tri-blue 

iTri-blue 

Xone 

Infra-red 


To demoii-strate the correctness of our thesis a series of pliotogiaj) 
periments was carried out, using the following Ilford plates and filteis, 
quartz mercury vapor Jam]), halfwvatt lamps, and daylight. Tiie plates n-s 
were : 

Ilford “special rapid,” an ordinary or noncolor-sensitive plate of me ^ 
speed, sensitive from about 3,600 to 4,950 A.U., which is near 
greenish blue. With this plate an Ilford tri-color blue filter cutting a 
A.U. was used; thus, near ultraviolet and all the bine were used oi 
the photograph. 

Ilford “special rapid panchromatic,” an 
the same development constant as the “special rapid/ ^ hut sensitnc lom 
3,600 to 7,200 A.U. With this a beta filter was used once as a correction 
because with half- watt light this gives practically full corrcelion. 
is a pale greenish yellow with a factor to H.AV. of x 1^2 

Ilford “infra-red,” an infra-red sensitive plate A.I'- 

its appropriate filter, records the action of rays between 7,00 «m • ’ 
with maximum sensitivity at about 8,100 A.U. The filter peimits sc. 
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visible liglit to pass, and it is necessary to focus by a deep red filter and com- 
pensate by a slight increase in bellows extension when using it. The exact 
amount is 1/200 of the focal distance of the lens. 

All plates M’erc backed and thus proof against lialation. A Goerz Dagor 
F:6.S - 8^/4 inch lens was used, stopped down to F:22. Figs. 2 to 12 were taken 
OTth a vertical camera in a darkened room without any other light than that in- 
dicated; Figs. 16 to IS were taken in a hospital ward hj' daylight, the patient 
being in bed and too ill to be moved. Development of the special rapid and spe- 
cial rapid panchromatic plates was routine, a developer of the D.76 type being 
used, with time and temperature for contrast of about 0.9 gamma. Exposures 
were based on meter readings, and prints were made on Kodak ‘‘Nikko” paper of 
medium contrast; this corresponds to grade 2: P.JI.G. paper. No attempt was 
made to depart from the usual procedure and no contrasts were forced up or 
down by interference with normal development or printing. 

Table I lists the e.\periments, and the illustrations show the photographic 
differences in skin-rendering. 

results 

Figs. 2 to IS show definite changes in the i)lmtographic rendering of skin 
te.xturo. The longer the wave lengths employed, the greater the loss of fine 
detail in the skin. The results arc set forth here as a record because it is 
impossible for a half-tone reproduction to show the gradual changes as clearly 
as can ho seen in the originals. 

no. APPEiVRANCE 

2 Minutest lines and details of skin texture arc clearly recorded; more is 
recorded than can be seen in daylight by the eye aided by a low-power 
magnifying glass. 

3 This shows excellent rendering of texture which is slightly inferior to Fig. 1. 
■1 The general appearance is e.xccllcnt, but the texture is not as crisp as in 

Fig 1. 

5 The skin is commencing to show less texture. 

6 Tlic typical waxy appearance of the skin is caused by excess red light; the 
texture is poor. 

’I Texture has completely disapjicared; subcutaneous veins are visible. 

14 Tills excellent skin texture shows tlie finest details. 

lb There is complete absence of surface texture of the skin ; underlying veins 
show throiigli. 

S No texture can be seen but the veins arc clearly visible. 

9 Shows waxy appearance, with little texture and detail. 

10 The general appearance is excellent, but crispness of lines is lacking. 

11 Crispness of lines has reappeared, especially in the skin of the Chinese. 

12 Minutest lines and details of skin texture are shown. Note the higher 
absorption of short waves by the hand of the Asiatic compared with that 
of the European. 

The end differences shown are great. To make direct comparison between 
photographs taken by blue and by red light more simple, as occurs in tri-color 
separation negatives of human skin, the portion of skin around the knuckles 
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Pjff. 2. Ultraviolet on special rapid plate. 

S’- 3. Tri-color blue on special rapid plate. 

-FiS- 4. — Panchromatic, half-watt, no filter. 

Pi’s- 5. — Panchromatic, half-watt, beta filter. 

6. -Panchromatic, tri-color red filter. 
t- Infra-red hand of European 
Pis- 8. Infra-red, European and Asiatic. 

9- — Tri-red on panchromatic, European and Asiatic. 
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of the middle and third fingers in Figs. 3 iind 6 have been enlarged and are 
slioim in Figs. 19 and 20. These are not the e.xfremes, ivluch would be Figs, 
2 and 7, 14 and 15, and 9 and 12. Figs 3 and 19 show the approximate 
effect secured in normal .sunlight by using an ortho film, whereas Figs. 6 and 
20 are those secured on a h.vper.sensitivc or U pe 3 panchromatic film hy nitro- 
phot light.s, or lights abnndant in red rays. 

These two comparisons are, therefore, the most important from a practical 
photographic aspect, since the conditions are eommonly met with in ordinaiy 
practice. 

wsrussiox 

Tlie photographs reveal that as the wave length of light used for illumina- 
tion is inerc.osed, the surface texture tliat can he photographed is progre.ssivcly 
(lirainished and finally entirely lost. This can only mean that reflection of the 
ra.ra that arc actually making the photographic negative is taking place from dif- 
ferent levels of the skin. Therefore, the photographie rendering of human skin is 
not solely a matter of color correction and color sensitivity, hut is closely con- 
nected with the inherent response of .skin as a living tissue to light thrown 
upon it. 

Figs. 16, 17, and 18 are comparison phologiaphs of the skin condition on 
the hand.s of a patient with pellagi'a. The jiaiichroniatic version (Fig. 17) is 
a good representation of the visual appearance The blue plus near ultraviolet 
version (Fig. IG) aeecntuate.s surface lesions and reveals more than the eye 
sees; the infra-red ver.sion (Fig. 18) show.s tlial the true oxtent of .serious dam- 
age is limited to the fingers. It is obvious tliat sueli jihotographs are of great 
dingnosti’e value. 

Table II sets forth an interpretation of the re.sults of the e.xperiments. 


T.vm.E II 
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The numbers 1 to 4 arc arbitrary indicatoi-s fur the amount absorbed, reflected, 
and scattered, as follows ; (1) minute; (2) little; (3) moderate; (4) consider- 
able, For practical purposes it is sufficient to divide the light into these four 
divisions, and in any case the varying thickness of skin makes e.xact measure- 
nients valueless. 


Jor F»5f* 

16. — A case of pdlagra m a CbintM* takrn on a special rapid plate with daylight 

pellagra in a Chinese taken on a panchromatic plate with daylight 

18,— A case of pellagra in a Chinese taken on an infra-red plate with daylight II- 

Pig. 19. This illustration is an enlargement of the center section of Fig. S. It was taken 

w a special rapid plSi Sough J ?rObtoc filter wth the ha\t-«att hsht aa Uluminatlon. 

Fig. 20.— Ah enlsrirement of the center section of Fig. 6. This wa.s taken on a pan- 
‘^hromatlc plate through a ?ri” ed filter wtlh the half-watt light as illumination. 
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It was mentioned earlier that the stronger and more eoiicentratccl a beam 
of light, the greater its transmission through skin and flesh. TIii.s introduces 
yet another factor, the strength or volume of light employed on a given area. 
The latter has a distinct effect on photographic rendering. This would appear 
to furnish one of the reasons why overlighting is disastrous to good photograplis 
of skin texture, since evidently it results in abnormal penetration of liglit into 
the skin, witJi a consequent accentuated reflection from the lower layers caus- 
ing excessive scatter. 

Further, these experiments show clearly that the modern hypersen.sitive 
panchromatic film (type G) used in conjunction with half-w'att liglit is not the 
ideal combination for w’ork on skin. A studj- of the old photographs published 
in textbooks reveals that in general they are superior as records of skin to 
some more recent examples. In this sense there has been retrogression in the 
technical photography of skin texture. 

In photographing human skin for medical records it is of paramount im- 
portance that the visual appearance of the texture and skin lesions present he 
clearly recorded. This is particularly necessarj^ when a specific pathologic con- 
dition is to be illustrated, for unless the diseased condition is plainly showm 
the photograph is worthless. 

Both normal and diseased skins have texture, but the recording of this 
texture is not achieved photographically unless basic requirements to secure 
it are Iniowm and fulfilled. Medical photography is decidedly different from 
portraiture; the latter aims at the suppression of defects which it is the precise 
function of the biologic photograph to record. The approach to the two tjpes 
of subject is, therefore, entirelj’’ different. ' 

The surface of human skin is covered with a multiplicity of fine ciiss- 
crossed lines, thus giving it the marked texture characteristic and tA])ical o 
its appearance. Skin is a good reflector of normal daylight; it reflects moic 
of the longer waves and absorbs more of the shorter, and strongl} polaiizcs 
light reflected between the angles of 32 and 37 degrees. The elimination o re 
flections by polarizing screens destroys its living appearance and affects le 
recording of texture; this is evidence that it is solely the reflected light w )ci 
governs the photographic appearance of skin. 

The two basic factors are thus inequalities of surface and 
reflection. Illumination must take both into consideration and so in > 
subject that the minute hills and dales of the sldn surface are not f ; 

being flooded with light. The quality of light must be such that i c ec ^ 
taking place from some knowm portion of the skin, that is, at some 
tion with regard to its surface. The first requirement is standard foi a p m 
raphy; illumination must be so arranged that the subject is shown prop 
The second is generally ignored, but is of fully as gi'eat 
generally assumed that the problems are much the same as w it i poi 
and that, provided the lighting is directionally correct and a suit.i i c ci 
is used, results will be as good as can be secured. This is not so. (leeteci 

Light thrown on human skin penetrates it, and is absoibe an^ le 
bj" it, the degi'ee of penetration, absorption, and reflection epen Uo 
component wave lengtiis. The photographic definition secure m a c 



dent: light reflection from hujian skin 
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is considerably affected by the amount of penetration taking place and tbe 
consequent depth of reflection from the inner surfaces of the skin. This has 
little connection with color-rendering into monochrome as such, for the prob- 
lems arc specific to human skin. 

Penetration plus reflection obviously causes scatter, depending upon the 
depth of the intervening layers of skin which have been traversed by light. 
The deeper this penetration, the more scattering will he the reflected rays, since 
such rays are scattered not only on entering but also on being reflected back 
to the surface; hence the difference in appearance of the same skin photographed 
by light of different spectral quality.® It is clear that an understanding of the 
cause of this difference enables the securing of exactly the t}q>c of photograph 
required. 

It can be accepted as a fact that penetration through skin of the light of 
the complete visible spectrum, which for the purposes of this paper is taken 
to include the near ultraviolet and near infra-red rays, is gi’eater as the wave 
length of the light increases.® JIuch work has been done along these lines, with 
interesting results eonfirmed by practical pliotographic experience.'* Normally, 
photography is entirely dependent upon reflected light; therefore, the reflection 
levels rather than absorption and transmission are pliotographically of greater 
importance. 

Light has a threefold action on impact with skin ■. absorption, penetration, 
and reflection. Photographically, light absorbed by a stibject is lost and of 
no value. Since the longer wave lengths penetrate more deeply, those that 
are not absorbed must necessarily be reflected back to the surface from the 
maximum depth of penetration, and this is the light used to make the photo- 
graph and govern the sharpness of the image scoured That is, other things 
being equal, the photographic rendering of .skin is fixed definitely by the 
quality of light used in the making of the photograph, and it is impossible to 
change this fundamental record by any subse()uent chemical tinkering with the 
negative or print. It should now be clear that it is not a matter of color-render- 
ing as such, because texture and definition have no direct connection with the 
interpretation of color into monochrome. 

Although absorption is outside our subject, it is photographically important 
because it not only affects exposure time but also governs the color-rendering. 
When there is much absorption, the subject photographs dark, and vice versa. 
A good example of this is green vegetation photographed by blue light (or 
on a uoucoior -sensitive emulsion) as compared to the same subject photographed 
ty infra-red. Green leaves absorb ultraviolet and deep blue but reject deep 
red and infra-red ; therefore, the firet photograph will show the subject dark 
and the second will show it light in tone.'”' " An even moi-e striking example 
is a comparison between the brown fur of a dog and the brown feathers of 
feds; visually there is little difference in color, but photographically there is 
a wide difference in exposure time required owing to the absorption of ultra- 
violet by brown fur and the strong reflection of ultraviolet by feathers. Measurc- 
ments with photoelectric meters reveal this difference and the camera confirms 
ik Nature has given the animals protection against receiving insufficient or too 
fege do.ses of ultraviolet. The bird is exposed to too mucli -while flying in the 



1862 


THE JOURNAL OF LABORATORY AND CLINICAL IIEUICINE 


ivliereas the animal needs all the chemical rays it can get io maintain its 
supply of vitamin D. There is unquestionably a similar protective system at 
work in the skin of man, which accounts for the selective absorption of light 
and its variation in the different races of mankind according to the climatic 
conditions under which he lives. 

There are three methods of controlling the quality of light used in the mak- 
ing of a photograph: 

1. The interposition of a light filter at some point between the light source 
and the sensitive film. 

2. The use of light sources rich or deficient in certain wave lengths. 

3. Selection of the rays by the choice of film. 

The final negative quality and photographic rendering of skin will he 
strongly affected by these fundamental factors. It is notorious that the use 
of modern extreme, red-sensitive emulsions with artificial light abnormally rich 
in the longer Avave lengths gives a Avaxy, textureless appearance to the .skin, 
and our contention is that the reason for this is reflection from beneath the 
skin surface. 

It is an interesting speculation tliat there may he an interference effect at 
the skin surface avMcIi may produce stationary icavcs somcAvhat along the lines 
of the Lippmanii process of color photography. 


SUMMARY 

The photographic appearance of human skin is modified by tlie reflection 
depths of the component Avave lengths of the light used for illustration, and as 
such it is not a matter of color correction, as ordinarily understood, hut the 
level of penetration and consequent reflection and scatter of the light use . 
Evidence is offered in the form of a series of pliotographs taken by A-aiioiis 
illuminants. 

I wish to tliank Professor Bernard E. Read, acting director of the Honp pa- 

of Medical Research, for his lielp in the writing of this paper, and Dr. n. o. ■ > 
thologist of the Institute, for supplying the sections of skins reciuired. 
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SULrAPYEIDINE, Level of in Blood of Children Following Dosage hy Weight, Cullen, 

G. E., and Wilson, A. T. Am. .T. Di'^. OJnld. € 0 : 801 . 1040. 

A simple and convenient .standard .system of dosage of sulfapyridine on the basis 
of body weight is Tccomwondod t J grain per pound of body weight per twen{y-four hours, 
with an initial dose of half the calculated tnenty-tour-hoitr dose and with the total daily 
{Ji)?e not to e.xcecd SO grains. 

Groups of infants and children of different age-. Iiave, on the average, approximately 
the snmo levels of ftcc sulfapyridine in the blood «hen fhei are given tJie .«anic do.s.age ac- 
cording to body weight. 

Individual patients receiving .‘^ulfapyridine in .'i do.'age ba«fvl on body iveight show 
only moderate fluctuations in the lcvcl^ of the drug in their Mood from day to day or tlirough- 
out a single day. 

The avcrage.s of several indivi<lual values ot patients leceiving sulfapyridine in a 
dosage by body weight vary widely fri>m patient to patient. 

In view of the several tj^pcs of rather marked and unpredictable variations, it mnst be 
concluded that it j,« desirable to make frequent /tetci-minatum-s of t)ic actual level present 
in any given patient and subsequently to ad.)u>t the •lo>agt* according to the level dc.«ired. 

URINAIlT TRACT, Chemotherapy in Nonspecific Infections of, Alyea, E. P.. and Roberts. 

L. 0. J. A, M. A. 115: 1345 , 1040 . 

The sulfonamide drug? arc excreted by the Kidney.'? «n a manner exactly similar to 
I>6enoI.«uIfonphfhaIein. 

In vitro and in vivo studic.*' show tlie that the sulfonamide drugs have for 

different bacteria and different strains of the same fKirfcmmi. 

Experimental .■studies in vitn* arc not nc«•e^’-a^iU entirely comparable in vivo. 

The action of .‘sulfonamide drug-N in )nfc.'tioii> oi the unnarv tract depends more on the 
tbsue reaction than on direct bactericidal attion »n the mine 

Mandelic acid is an excellent ding foi infection" with colon bacilli and Streptococcus 
faecdlis. 

A comparison of the colon bacillu'? infections tieated with sulfanilamide and snlfu' 
Pyridine shows practically the same, or 81 per cent, cuied. 

A compaiison of the same drugs in ,stiiphyloco<'cic mfectionii shows that with sulfiv- 
Pyridine 7o per cent were cured and with sulfandannde d2.5 per cent. 

Respomse to the sulfonamide drugs is rapid, usually within two gr three days. 

Infections complicated by other patlioIogH! changes do not re.^pond as favorably as the 
simple infection.s. 

A comparison of sulfanilamide and mandolie acid therapy in various types of cases 
•diows that sulfanilamide is usually preferable 

Evidcnco shows timt the high drug concentration m the urine usually thought desirable 
ts not necessary for cures. 

A dosage of 1.7 Om. of sulfanilamide n day with forced fluids prodoced as good resnlts 
»s 3 Gm. a day witli restricted fluids. The same is true with suWapyridine. 

Many patients cannDt taho tl.e large ao.scs «itU restricted fluid.-, tat the recommended 
amall dosage is easily tolerated by all. 
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BENAIi PTO^'CTIOir: Eelative Significance of Concentration of Inorganic Sulfate In the 

Serum and of Its Eenal Clearance, Goudsmit, A., Jr., and Keith, N. M. Arch. Int. 

Aled. 66: 816, 1940, 

Comparative studies of blood urea, urea clearance, serum .sulfate, and sulfate clearance 
Tvere performed on 50 patients. The majority Tvere suffering from diffn.so arteriolar disc.ifc 
with hj'perteusion of various degrees of severity; most of the remainder, from chronic 
glomerulonephritis and other diseases of the urinary tract. The selection of (ho patients 
was conducted in such a manner that half of the group would have normal and (he other 
half increased concentrations of sulfate in the serum. 

The increased concentration of serum sulfate was found to occur in diffuse arteriolar 
disease with hj'pertension groups 3 and 4 in 4 of everj' 5 cases, the urea clearance, the value 
for blood urea, and the sulfate clearance indicating renal damage with decreasing frequency. 
The correlation of renal damage sufficient to bring about actual retention of an end product 
of normal protein metabolism and hypersensitive vascular disease severe enough to be asso- 
ciated with retinitis is significant. It is assumed that arteriolar disease may well ho respon- 
sible for both the retinal and the renal. changes. 

Generally speaking, in the more severe degrees of hypertension, as contrasted iritli tlio 
milder forms, there is a far greater probability of retention of either urea or sulfate in the 
blood than of decreases in the renal clearance of these substances. In this respect tlie patterns 
of e.veretion of urea and of sulfate are essentially similar. However, whereas the association 
of retention of urea in the blood and a normal value for urea clearance was observed in onl) 
one instance, 12 instances of increased serum sulfate in the presence of a normal value for 
sulfate clearance were observed. . .. 

The increase of the concentration of serum sulfate itself is held responsiMc or t us 
behavior, and an analogy is seen with observations on experimental animals as 
human volunteers, in whom the intravenous injection of sodium sulfate leads to oonsii era c 
increases in the value for sulfate clearance without significantly changing rena imc lon 
otherwise. In accordance with the analogy drawn from these experimental observation^ ^ 
ratio of sulfate clearance to urea clearance is significantly increased in the cases o i 
patients who have increased values for (endogenous) sulfate in the serum as comparet 

those with normal values for serum sulfate. _ i 1} not he 

Thus, although conclusions of prognostic significance in renal disease s lou ( 
based on the value for serum sulfate any' more than on any' other single lahora orv ^ 
determination of this index is a valuable adjunct in appraising renal function, am 
of excretion of sulfate is of considerable interest to the student of renal and vascu . 


BLOOD SUGAE, Normal Values in Children, BudesUl, C. L., and Henderson, E. A. Am. 
J. Di.s. Child. 61; 108, 1941. 

A total of 2SS blood sugar determinations were made by the fa.sting 

144 nondiabetic children from 2 to 15 years of age, inclusive. Values 
and 11 a.m. blood sugar were determined on the same day and the reports were 
There is no practical difference between fasting and 11 blood sugar 

both fall within normal limits. ^ . ^ondiahefic 

If the Folin-lVu method is used, normal fasting blood sugar 
children from 2 to 15 years of age range from 70 to 105 mg. per hundre ^ infants 

A rev'iew of tl>e literature indicates that the range of normal bloo sug.w v- 
is probably from 60 to 100 mg, per hundred cubic centimeters in most cases. 


A TV T Exncr Fatiu 21. 

STAPHYLOCOCCI, Technic of, The Coagulase Test for, Pisk, A. Drii. • ■ i • 

311, 1940. oagnifl'*’ 

Within wide limits the amount of sodium citrate does not materially alTcc 


test. 


Citrated plasma diluted 10 to 20 times gives sati.-^factory results. clotb'ng t'S=e. 

Human plasma from different individuals does not show wide van 



ABSTRACTS 1865 

The cUttited plasma remains suitable for the test for several weeks if kept undiluted 
under sterile conditions. 

Staphylococci g^o^Ying in a variety of media produce coagulasc. Of a number of liquid 
media, broth gave a culture which produced coagulation most quickly. Agar cultures may also 
be employed, in which case it is best to emulsify’ the organism in broth to form an even sus- 
pension of an opacity* approximately equal to that of a twenty-four-hour broth culture. 

There is aw optimum ratio between amount of organism and amount of plasma. 

The reaction occurs most quickly at 37** C. 

The method suggested for the performance of the coagulase test is as follows: 

1. Dilute citrated human plasma tenfold with normal saline. 

2. Place 0.5 ml. of this diluted plasma in two small test tubes. 

3. To one of tl»ese add 5 drops from a capillary pipette (approximately 0.125 ml.) 
of an overnight broth culture of staphylococcus or a suspension of an agar culture made 
in brotli to an opacity approximately equal to an overnight broth culture. The second tube 
serves as a control and must show no clotting. Incubate the tubes at 37® C. 

4. Examine the tubes after half an hour and at intervals for six hours. (Clotting of the 
plasma usually occurs within one hour.) 

STAPHYLOCOCCI, Use of Slide Agglutination to Determine Pathogenicity of Staphylo- 
cocci, Christie, R, Au«.tTalian J. Exper. Biol. & M. Sc. 18: 397, 1940. 

A total of 335 strains of staphylococci of human origin and 57 strains of animal origin 
hare been examined. 

Of 209 coagulase-positivc strains, 257 were agglutinated by a mixture of three antisera 
prepared from coagulase-positivc strains; mno strains were auto-agglutinable and could not 
be tested. One human and two animal strains were not agglutinated; the human strain was 
serologically' related to the coagulaso-poMtive strains m 'piic of its inagglutinability with the 
serum mixture. Of 123 eoagulase-ncgativo strains. 12o were not agglutinated, two were auto- 
agglutinable, and one was agglutinated slightly. 

An attempt to produce agglutinating seia with ruagulase negative strains which would 
agglutinate coagulase'negative and not coagulase-positnc strain? was unsuccessful. 

HYPOPSOTHROMBINEMIA, Intravenous Use of 2-Methyl-l, i-Naphthoquinone in, Nor- 

cross, J. W., and McParland, M. D. J. A. .M. A 115: 1940. 

2-Mothyl-I, 4-naphthoquinone has been administered intravenously to 22 patients. It has 
proved to be efficient in raising tlie prothrombin level. Bile salts were not necessary’ for this 
response. 

With the exception of local distress for short duration at the time of injection, no toxic 
manifestations have been observed. 

The minimal effeetivc intravenous dose nf 2-metUyM, 4-naphthoquinone in the adult 
iraa found to be 2 mg. 

In cases uncomplicated by liver impairment a 2 nig, dose given intravenously raised 
the prothrombin level from 50 per cent to 80 per cent in an average of seven and one-half hours 
and to 100 per cent in an average of twenty hours. 

A 2 mg. intravenous dose kept the prothrombin level above 90 per cent of normal 
for four or more days unless liver damage was present. 

Severe liver damage permitted only a slight response to intravenous 2-inethyl-l, d-naphtho- 
nuiuone. If liver impairment was less marked, the effect was manifested in a slower onset 
of response, a Ic.-^sened height of response, and a shorter duration of response. 

Bleeding was rapidly and effectively controlled unless severe damage was present. 

The intravenous route of administration has great value in patients for whom oral 
administration is difficult or impossible, as well as m those in whom rapid cessation of bleed- 

is imperative. 
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PNEUMONIA in Children, Treatment of. With a Single Dose of Siilfapyridine, Platt, L. 

Am. J. Dis. Child. 60: 1010, 1040. 

In the children included in this stud}" the single-dose method gave satisfactorv lords 
in the Ijlond in mo.st instances, and the clinical re.sults were as good as, if not better than, thow 
in the group that received multiple dose.s. If the results are as good, it would seem de.'irahlo 
to adopt a single-dose method, for the following reasons: 

1. It is simpler, interferes less with the child ’s rest and .sleep during the time when ho i« 
most ill and is less demanding on the nursing staff. 

2. It decreases the incidence of the most common toxic elYeet, naii.sea and vomiting. 

For the ordinary case of uncomplicated pneumonia it would appear that 0.3 Gm. 

of sulfapyridine per kilogram of body weight administered in one dose will give .'atisfaoinry 
results. Lower do.ses are not so consistent in giving levels in the blood above 4 mg. per hundred 
cubic centimeters. Although the lower levels gave satisfactory results, it would seem safer to 
use the larger dose. If it is thought desirable to maintain levels in the blood above 4 nig. per 
hundred cubic centimeters for- more than twenty-four hours, the do.se can be repeated at 
eighteen- to twenty-four-hour intervals. .Such repetition is probably advi.=able when the 
patient cannot be watc'hed closely. It will probably decrease the number of case.o in uliich 
a secondary rise in temperature oecur.s. 

After the oral administration of a single dose of 0.3 Gm. of sulfapyridine per Kilogr.im 
of body weight, the free sulfapyridine in the blood usually reaches levels of at Ic.ist 4 mg. 
per hundred cubic centimeters within a few hours. In most cases a considerable eontcntwlitin 
persists for at least twenty-four hours. 

In some eases the highest levels of the blood occur after twenty-four hours, indicatin„ 
that absorption from the gastrointestinal tract may continue for that length of time. 

The administration of a single dose of sulfapyridine of 0.3 Gm. per kilogr.im of bob 
weight to children with pneumonia gives satisfactory therapeutic re.sults. 

Levels in the blood above 2 mg. per hundred cubic centimeters gi^e satisfactory 
in most cases of pneumonia in childhood. 

The use of the single dose method simplifies tlie treatment of pneumonia and 
the incidence of toxic effects. 


Item 

Announcement will .shortly he made of nna.s.scmh]cd . 

given for the following positions in the Wc.st Virginia State Health epai 

Director, Hygienic Laboratory .^320-375 

Senior Bacteriologist ]j0-200 

.Senior Sei’ologist IjO-200 


Eesidence in West Virginia has been waived in consideiation o 
plications for these positions. However, residents of lhi.s state ni<0 
preference in making appointments. Complete information 
hj' writing directly to the IMerit System Council, Morgantovn, 
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PROGRESS 

ALLERGY OF THE AEDOIIIXAL ORGANS* 


JfATTiiEW Walzer, Brooklyn*, N. Y. 


^liTHOUCfH it haH long be^n n‘(*ogni/.o»l tlmt abdominal organs ina}' partici- 
** pate in allergic reactions, there liave bc<‘(i relative]}’ feu* reports dealing 
wth this subject. Because of the inaecessibiht.' of the abdominal organs, con- 
siderable speculation has arisen as to the seal oi the aHergie processes and the 
nature of these reactions. 

Hy coHengues H, Straus, I. trvay, Jf. Ifaitui. S. Livingston, and O. Rrayzel, 
and I have attempted to reproduce and st\id\ allergic reactions of the ab- 
dominal organs under experimental em»dit)<«n.- Investigations, not feasible in 
human beings, were carried out in the rln'siis mii»jkcy. m which it is possible to 
induce allergic reactions closely resemhluig (hose )ecuirjng in man. It is hoped 
that the brief analysis of these experimental iv dings presented herewith will 
facilitate a better understanding of allergK iv actions oocurring within the 
human abdomen. 

The primary experimental principle apitbed ai most of these investigations 
\ras the production of allergic I'cactions in tissues which hod been passively 
sensitized locally with human serum, containing atopic reagin antibodies. These 
^eva were obtained from allergic individuals wJiu wci-e clinically very sensitive 
such allergens as cottonseed, peanut, fish, egg, etc., and who showed very 
stiong cutaneous reactions when tested w'llh weak extracts of these allergens. 
This cutaneous sensitivity could be transferred to the skin of normal individuals 
hy an intraeutaneous injection of 0.05 ml. of the reagin-containing serum. The 
fillcrgic reaction at the sensitized site wa.s elicited from twenty-four to forty- 
^>ght hours later by feeding the related antigen, i.e., peanut, cottonseed, fi.sh, 

etc., or by an intravenous injection of an extract of that antigen. Oral 
f'flmimstration of the antigen was regularly foilowmd, within from five to 

’From the Allergy Division of the Jewish Hospital. Brooklyn 
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fifteen minutes, by the entrance of traces of tiie antigen into tlie circulation 
and by the formation of a wheal at the sensitized cutaneous sited Tin's reaction 
I'esulted from the union of the circulating antigen uitli the reagins, which had 
remained fixed in tlie skin at the site of sensitization. The intravenous injection 
of the antigen usually resulted in a more rapid onset and in a more intense 
reaction than that Avhieh occurred following enteral administration. Both inclli- 
ods of inducing the allergic reaction were employed, depending upon tiie needs 
of the experiment. In the earlier investigations sensitization was confined to the 
skin ; in later studies, mucous membranes, other tissues, and even complete organs 
u'ore .successfully sensitized. 


METHODS OF EXCITING ALLERGIC REACTIONS IN ABDOMINLUi OROAXS 

Under physiologic conditions offending allergens ma.v reach and excite ah- 
dominal organs in two ways. Any specific excitant introduced into the alimen- 
tary tract may, by direct contact, induce allergic reactions in the organs through 
which it passes. It is also possible for any antigen which gains entrance into 
the blood stream to reach sensitive abdominal organs by this route. The mo.st 
natural way for antigens to reach the circulation is by way of the alimentarj 
tract. In our studies on normal individuals, fish, egg, nut, cottonseed, mmshird, 
milk, and other antigens almost routinely appeared in the blood stream within 
from two to thirty minutes after their ingestion.^ This rapid ah-sorption of the 
allergen accounts for many of the explosive allergic reactions which have been 
.seen to follow, almost immediately, the ingestion of offending allergens.^ These 
reactions may affect widely separated organs, including parts of the digestno 
system distant from the site of administration and absorption of the excitan . 
That any one of several closely related organs or onl}’’ one type of tissue ma)^ 
participate in an allergic reaction, while others in the same individual appem 
to remain unaffected, is recognized as a common occurrence in allerg,', a I mu- 
an adequate explanation for this phenomenon is still lacking. 

Passage of allergens into the circulation has been demonstrated to occu 
almost I'egularly from all parts of the alimentary tract, including the 
stomach, = duodenum,^ ileum, colon, ■* and rectum.® Gastric acidity is an 
tant factor in influencing the amount and rapidity of allergenic 
trie hyperacidity definitely retards and diminishes absorption, not on ' ™ 
stomach and duodenum but also from the rectum.® Hypoaciditj an 
produce the opposite effects. Absorption of allergens may also le e 
prevented by the previous oral administration of other food, oil, 'ao m, p 
hydrochloric acid, or similar substances.® Alcohol promotes an aece 
sorption. The importance of these experimental findings in the manac 
food allergies is obvious. .. niliv 

Allergen, administered roetally, may enter the blood stream 1^,. 

as that introduced into the duodenum, and even more rapidb m 

mouth.® It .should also be remembei'ed that other mucous or- 

surfaces permit the rapid passage of antigens. Hence, sensitue I,y wa.'" 

gans may be specifically excited by allergens 'vliieli bave^ ^(‘rvicai 

of the upper and lou'er respiratory tract' 


L « and through the vaginal and ccr' 
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mucous membranes.® The same may be said in relation to allergens which have 
ken introduced into the pleural, pericardial, and peritoneal cavities, and into 
the urinarj- Wncider*” and the gall bladder.- Similar cfiEects may also occur when 
antigen is rubbed into the skin" or administered by the intraspinal,‘“ intra- 
muscular, intraeutaneous, or subcutaneous routes. 

Minute quantitie.s of antigen, containing as little ns 0,0001 mg, of nitrogen, 
when given intravenously, Iiave proved sufficient to induce maxima! allergic re- 
actions in passively sensitized tissue * The severity of allergic sj-mptoms ma.v, 
therefore, be far more intense than might be expected from relatively slight con- 
tact n-itli the excitant. Moreover, it seems likely that in allergic incidents in- 
volving abdominal as well as other shock organs, observers arc apt to ovei’look 
the importance of less obvious contacts with excitants, such as those occurring 
h.v inhalation and by vaginal, rectal, or parentcinl administration 

ALLERGIC REACTION IN P.VSSIVELY SE.SSITIZED INTESTINAL 
MUCOUS MEMBRANE IN llt'M IN BEINGS 

An insight into the nature of the allergic rraction in the human alimentary 
mucous membranes was obtained h.v studies- of the experimental allergic reaction 
hiduccd in the sensitized mucous membrane of tlic rectum.’* In this study the 
antigen was administered either reetally or orally The reaction at the sensitized 
mucous membrane site appeared in from five to twenty minutes. 

Edema, hj-peremia, and hypersecretion were the cardinal characteristics of 
the reaction developing at the sensitized mucous membrane site. Edema ap- 
peared first, associated with a pallor of the niucms membrane which was super- 
seded, ivithin a few minutes, by marked liyperimia. Hypersecretion of mucus 
occurred over the affected area. The entire n.iction reached its peak within 
fifteen minutes and then began to recede inpidl.v, -lisaiipenring almost completely 
in about an hour. The subjective symptoms \iire d with the site of sensitization. 
Pruritus, rectal fullness, and burning, as well ..s a desire to empty the liowe!, 
were experienced in variable degree, depending on the site of the reaction. The 
elo.ser the reaction to the anus, the more varied and intense were the symptoms. 
Pew subjective symptoms were noted when the distance from the anal orifice 
''■as as much as 6 cm. 

To observe the reactions in the ileum and colon mucous membranes, two 
patients, one with an ileostomy, the other with ..n ileocolostomy, were studied,-' 
Site.s on the exposed mucous membranes were sensitized by intramueo.ml injee- 
tions of reagin-bearing serum. Within four or live minutes following oral ad- 
ministration of the antigen, the allergic reaction started Pallor and hyper- 
secretion of the sensitized area were followed, in a tew minutes, by edema which 
hecaiue progressively greater for about half an hour {Fig. 1). The pallor was 
replaced by marked hyperemia and the secretion of mucii.s became profii.se. The 
entire reaction receded at the end of an hour. Except for itching or burning 
ef the surrounding skin, no subjective sj-mptoms accompanied these reactions. 

Direct application of antigen, on an applicator, to a sensitized mucous mem- 
hi-ane site on the recUiin’* or colon,'' produced an allergic reaction of moderate 
intensity in about four or five minutes. As a i-c.sult of this application, suffi- 
eient antigen was absorbed to excite a previously semsitized ctdancous site. At 
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this time, the mucous membrane sites began to react maximally. This .sequeiicc of 
events, noted repeatedly in these and other experiments, again eniphasizcs the 
importance of blood-bonie antigen in tlie elicitation of maximal allergic rc.s’j)onso.s. 
Although direct contact of nincons membranes with offending allergens may 
produce severe reactions, it seems likely that, in most instances, reactions of 
maximal intensity are caused by blood-borne excitants. It is of interest to note 
that, in the above experiments, the antigen, which Avas gently applied on an 
applicator to the sensitized mucous membrane site (Avithont nibbing), reaelicd 
the circulation by iiassing through the sensitized area itself. Sensitwe mucous 
membrane, therefore, is not a barrier to the absorption of offending allergens. 




Piff. 1. — Above, Human ileum (left) and colon (nght) at onset of ,._jc reaction. Ar- 

Human ileiini (left) and colon (ri^ht) after thirtj' minutes, at height ot aucLt, 
rows mark sites of sonsitization- 

ALLERGIC REACTIONS IN PASSIA’ELY SEN.SITIZED ORGANS IN THE MONKEt 

In the monkey sensitization of mucous membrane Avas aeccimphshed^ 
laparotomy under sterile precautions, by the injection of sensitizing seuin 
mucous membranes exposed by incisions into A'arious organs.’^ One oi ^ 
Avere sensitized in areas as far aAAmy as possible from the neighboi 
incision into the organ. At times intussusception of one organ into f” 
AA’hich liad been opened permitted sensitization of the first. AA'ithout actua 
into it. Either the oral or the intraA'cnous method of excitation of t ic a 
reaction Avas employed. 

In studies on the passively sensitized stomach’" in the monkey^ 
pronounced changes occurred in the uncut organ in Avhich the ^ 

had been sensitized at scA'eral sites, through an opening in the, 
the pylorus. Tlie administration, by stomach tube, of the mea con . 
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antigen resulted in the onset of the allergie reaction within three or four 
minutes. At finst the waits of the organ beeame pale and turgid. Peristaltic 
waves increased in frequene.v and intensity. Prepyloric and pyloric spasm de- 
veloped and persisted for long periods of time. The size of the organ hecanie 
definitely diminished. On section the mucous niemhrane was seen to he markedly 
hyperemie and edematous. This was particularly noticeable at the pylorus, 
which was almost closed by thickening of the mucous membrane on the gastric 
side, while the lining of the unsemsitized duodenum remained normal. Mucus 
flowed excessively from the gastric mucoiLs membrane. 



rir- 2.— Opened gall bladder in the monkey showing alleiiic leaction m\ol\mg tlie lower one- 
half of the oigan 

In the cecum and colon, in ivhich single .sites of the mucous membranes 
had been sensitized, similar reactions developed With the onset of the al- 
lergic reaction, blanching of the affected gut developed, followed in a short time 
li.v local swelling and edema. Hvrperperi.stalsis became noticeable in this region 
of the bowel and, in some instances, definite tonic contractions, lasting for five or 
ten minutes at a time, were noted at the sensitized area. On section of the bowel, 
•he mucous membrane revealed the usual picturo of h.vpcrcmia, marked edema, 
eml hypersecretion. 

hlieroseopic examination^^ of ti.ssue taken from the site of the allergic 
faction showed the lining cells of the mucosa to he only slightly involved, 
fhe suhmueosa in particular, and, to some extent, the serosa were edematous. 
Their vessels were distended and .showed margiiiation of the white blood cells, 
-iioimd the vessels and throughout the tissues were infiltrations of eosinophiles, 
l.'■mphocytes, large mononuclear and some pol.vmorphonuclcar leucocytes. 
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In experiments on the gall bladder^® ineision into tlic organ wis jn-oidn]. 
Sensitization was effected by injecting the sensitizing sennii directly into Die 
irall of the organ at several sites. The allergic reaction was indiiecd by intra- 
venous injection of the antigen. 'Within a minute or two that part of the organ 
wliieh had been sensitized grew pale and the surface vessels hccamc laoro promi- 
nent. This part of the wall became edematous and appeared to bulge and tlirob. 
Spasm was not observed in anj’’ part of the organ in any of tlieso e.xperinient.s. 
On section of the gall bladder at the height of the reaction the wall of tlio 
involved area appeared several times thicker than that of the unaffected part. 
As in the other organs, edema, hyperemia, hj'^persecretion, and loss of surface 
markings characterized the allergic mucous membrane (Fig. 2). 



Fie. 


L 

3A. — Microscopic picture of 



normal part ot the gall bladder in the monlicy. 


Microscopic examination of the allergic gall bladder wa lamina 

cosal epithelium to be intact and onl.r slightly affected { 'ig- )• i 
irropria was markedly edematous. The blood vessels were engoioC < 
some margination of white blood cells. There was a pronounce ^ ce v 
tion consisting of eosinophiles, lyunphocytes, large monomic eai w 
polj'morphonuclear leucocytes. The edema invaded the ot im congestiou 

bladder, spreading between the muscle bundles and ffheis. 
and cellular infiltration also were in-esent in these ai'ea.s ™ showed 

degree as in the lamina propria. The nonseasitized pmf o ic r. 
none of these changes on microscopic examination. 


allergic reactions in the ALI5IENTARY TRACT OF F OOD-SEN'SH I\ 1 ^ 

Special roenlgenographic studies in food-sensitit c of 

and Zismor,^® rendered it possible to visualize, 1o some exten^ chiUlvou. who wero 
human alimentary tract during allergic reactions. m J ^ iu^oslioii of 
knovm to manifest gastrointe.stinal dislurbauccs o ^ . ||jc oh.-erw''- 

certain foods, were first studied by fluoroscopic and men ^ 
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lions following the ingestion of a standard baiiinu meal. About a week later a 
similar meal, to which, without the patient's knowledge, a small amount of an 
offending allergen liad been addcd» was administered under the same experi- 
mental conditions. The x-ray findings were then compared with those of the 
control series. 

Some characteristic changes were found in many of these children, follow- 
ing the ingestion of the alievgen-barium meal In most instances a pronounced 
gastric retention developed. The stomach appeared hypomotile and hypotonic. 
The duodenal bulb, in many cases, seemed to fill with difficulty. At times 
barium was still observed in the stomach six hours after the allergen-barium 
meal, whereas the control series had shown complete emptying of the stomach 
in a much shorter time. 



Pig. an.— Microscopic picture of gall bla<l(Ui uall -nvolvcd in allergic reaction. 

The progress of the allergon-bariinn meal ilivouuh tiie small bowel varied 
V'hh the patient. In some its passage nas definiP’ly accelerated, while in others 
ao unusual feature was detectable m its progu-NS In the large bowel evidences 
(if spasm or dilatation were frequently oliserved This finding was not constant 
(lad, whenever present, it did not affect all portions of the bowel equally. 

The administration of aUergen-bavuUu enemas to the allergic children usu- 
•dli' precipitated spasm in some parts of the large bow el. The seat of the tonic 
contractions varied with the patient, although tiie transverse colon seemed to 
I'e afLeeted most frequently. In some dilatation nf the bowel resulted from this 
(Contact with the offending allergen. 

The oval administration of the aUerKen-banum meal in 30 food-sensitive 
^^nldren produced subjective symptoms in 73 per cent.”’ Nausea was noted most 
frequently, occurring in 43 per cent. Vomiting, usually within several minutes 
administration of the meal, occurred in 23 per cent. In 20 per cent ali- 
‘Jominal pain was pronounced. This pain had no characteristic localization, but 
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was most frequently reported to be in the center of the abdomen. Buiniuy or 
itching of the mouth or throat was a complaint of only 7 per cent. 

Abdominal pain was a more frecpienl and severe sjTnptom among the 1C 
children who received allergen-barium enemas. Seventy-five per cent of these 
experienced severe abdominal pain. Nausea occurred in only 6 per pent of t}ii.s 
series, hut tene.smus Avas a complaint of 24 per cent. 

ALLERGIC SHOCK TISSUE 

Tlie foi’egoing findings suggest apparent similarities in the allergic reaetioas 
of the gastrointestinal tracts in man and in the passively sensitized rhesus 
monkey. In both, edema, hyperemia, and hypersecretion characterize the al- 
lergic mucous membranes. In both, the emptying time of the stomach is delipcil. 
following the ingestion of the offending allergen. Spasm of the small ami 
bowels may occur in both, although it is not so pronounced or so I'Cgiilar a 
finding in man as it is in the monke}^ Dilatation of the bowel ivas ohsened 
more frequently in man. 

These obseiwations render it necessary to reopen the question as to iihcther 
the smooth muscle is the seat of the allergic reaction in man and plays the .same 
role as shock tissue that it does in the anaphylactic reaction of the guinea py. 
rabbit, and dog. This assumption, accepted as fact in some quartos, nu s no 
.'-upport in the above findings. Smooth muscle spasm, which chaiactenzes lo 
anaphylactic reaction in the guinea pig, is, by no means, a constant mam os a 
tion of the allei’gic reaction of the human boAvel. Moreover, on 
tinal smooth muscle of the passwely sensitized monkey by the Schu tz- 
nique, Albert and I^® found no evidence of sensitivity of this tissue, i 
results Avere obtained Avith these intestinal strips, desjiite the ac ^ la 
animals had been passiA'ely sensitized AA'ith large doses of Inmian loaoRj 
sera of high titer, AA’hich easily produced sensitization of the svin an 
membrane of the same animals. BAmn AA^hen anaph.Adactic (pieeipitm; 

AA'ere employed for passive sensitization of the rhesus 
sensitivity could be found in the smooth muscle of intestinal stiips- 
results Avere also obtained in monkeys in AA'hich active 
tempted using the technique suggested bj' Kopeloff, Davido , 

111 man, the only smooth muscle studies reported are those of ’,.(,,,,371 
tested uterine muscle strips obtained during the por.sr 

Avith precipitins and reagins to horse serum in her blooc . es ^ 
serum, by the Sehultz-Dale technique, failed to produce asAvdi 

tions in the uterine muscle. It, therefore, seems unlikely t Aa , ni 
as in the monkey, smooth mu-scle is the .shock tissue. This AiCAApo 
ther support in the histologic studies of the allergic and 

scribed. It Avill be recalled that, although edema, Aaseu ai tnindh'^ 

cellular infiltration inA’oIved the connective tissue arount ^ iiifiain- 

and betAveen the muscle fibers, the latter did not seem to suAie 

matory process. mcmlnflnf'' 

It also seems unlikely that the epithelial cells jj. pc s'vi- 

are the seat of the allergic renetions. These cells die no ap (pc 

ously altered in the histologic studies of the allergic tissues. 
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topical applicalion of an allergen to the siu-ldPo of the sensitized rectal or in- 
testinal mucous membrane did not clieit a maximal allergic reaction, an experi- 
mental finding similar to tlmt which had noted in connection with the 
passively sensitized nasal raucous membrane.-- The fact that blood-borne antigen, 
even though diluted, was able to elicit more intense allergic responses than con- 
centrated antigen applied directly to the epithelial surface tends to minimize the 
importance of the latter as a shock tissue. 

OTHER ABDOMINAL ORGANS AND TISSUES .mi IRING IN ALLERGIC REACTIONS 

In the histologic studies of tlie allergic ahdominal oigans, it was repeatedly 
noted that the peritoneum shared in the inllamm.itory reactions. Wlien the sen- 
sitizing sera were introduced into the serosa of the intestine, the allergic reaction, 
siihsequently elicited, was most pronounced in the peritoneal layer.” Tlie edema, 
in such an instance, tended to surround tiie gut and to atfeet the muscular and 
mucosal layers only to a slight degree. Frcrpieiitly, tlie edema spread hetwcon 
the la3'ers of the mesenter.v, increasing it.s thielaiess considerable'. An increase 
of secretion was definitely’ noticcaiile over tlie <itToeted serosa. It was also of 
intere.st to note that, wlien the peritoneum was the scat of the allergic reaction, 
tonic spasm of the bowel in thi.s region was not commonly observed as it had 
been when the mucous membraues had been seiiMtized. All these findings sug- 
gest that the peritoneum itself may be the prim.iry seat of an allergic reaction 
and that allergic peritonitis .should be recognized .is a po.ssihlo cause of abdominal 
ilistiirbances in allergic indii’idual.s. 

Allergic eholccystiti.s is another clinic.)! po'—ihilit.v which is not being given 
■sufficient consideration in the differential di.ig'.osis of pain in the right upper 
quadrant in allergic individuals. Exiierimoiin in the monkey, demonstratng 
that this organ can be sensitized, and the ii.it oology of the allergic reaction 
occuiTing in the gall bladder have alieady lieei. presented” Allergic iiivolvc- 
I'leiit of the g.nll bladder may po.s.s)bly acvoiiiit Hir the frciiuent failure to find 
Tooiitgenographio evidence of gall hladd.-r disc.i-e in allergie patients with the 
tj'pioal symptoms of cholecystitis Jloreover. th.. transient nature of the inflam- 
matory process in allergy may account for th. absence of pathology in the 
gall bladder by the time these patients reach the operating table after a pro- 
tracted period of observation and preparation The diagnosis, however, may 
be e.stahli.shed by the fact that the feeding of tlie specific allergen induces gall 
bladder symptom,s at will, while its elimination from the diet produces a eom- 
lilete cessation of symptoms. 

Attempts to demonstrate .sensitization of other ahdominal organs and tis- 
sues have met with only partial sucee.ss ” The allergic reaction in the sen- 
Mtizeil .spleen in the monkey was a brief one. Following intravenous admiiiis- 
tration of the offending antigen, the spleen swelled rapidly and assumed a 
darker color. The process was only short-lived, however, and the organ rc- 
turned to its normal state within a few minutes. 

Tile allergic reaction in the passively sensitized uterus'" appeared, for the 
most part, to involve the pcritoneiim and subperitoneal couiiective tissue. The 
utciine muscle and endometrium seemed hardly to share iu the edema. 
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Injection of the reagin-bearing serum into a lobe of tlie liver did not in- 
cilice sensitization of hepatic tissue, and no evidence of an allergic reaction 
in this organ has thus far been obtainedd^ Attempts at sensitization of renal 
tissue have invariably resulted in death of the animal before the experiment 
could be completed. 

DISCUSSION 

Although the reagin mechanism has been used to reproduce experimentally 
the allergic reactions in the various abdominal tis.sues and oi'gans, it i.s not 
my intention to suggest that all allergic reactions are mediated by tins anti- 
body. It is, in fact, common knowledge that food hypersensitiveness occins 
in the absence of reagins and, therefore, of positive cutaneous reactions to the 
offending allergen. In such instances, the clinician is compelled to rely on 
clinical trials and diets for the diagnosis. A close scrutiny of the patient ’.s 
daily food diary and analysis of his S3nnptoms in relation to each article of his 
diet may be necessary for the detectioir of the offending allergen. Coca"^ has 
reeentlj- suggested pirlse rate studies as a means of diagnosis in nonreagiihc food 
allergies. 

Regardless of the absence of i*eagins in many forms of food hypensensi- 
tiveness, their use in the above investigations has yielded some definite experi- 
mental information as to the nature of the proce.sses involved in abdominal al- 
lergy and opens the waj' for still further investigation of this little explored field. 
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FAMILIAL NONR.EAGINIO FOOD ALLERGY® 


Its SPEcmc Dugnosis akd Trelvtmext 


Arthur F. Coca, M.D., Oradeiaj, N. J. 


TN TWO previous informal publications*’ - it was stated that certain allcr<'i(: 
I clinical reactions to foods wei'e so constantly accompanied by tachycardia that 
in all the few eases that had been observed the offejiding foods could be identified 
through tlie use of that objective criterion. 

Tliis observation seemed especially welcome because the usual eutaneoiis 
tests for food sensitivity failed in nearly all the cases studied as the> ha\e 
in nearly all the 19 sueeeeding ones that were so tested. 

Tire findings were reported informallj’’ because the cases seemed loo fcA to 
be acceptable in the usual media of publication, and yet interesting enough to 
Nugge-st a further trial of the method of diagnosis in .suitable cases. 

!lIore recently, additional cases have Irecome available for study, and it in 
now evident that another category of familial allergic disease must be rccognizH 
as quite distinct from the previously recognized atopic group of bioncua 
asthma, hay fever, and atopic dermatitis. Briefly, the separation of t w wo 
categories is required on account of (1) differences in sy^lptomato^og^ ; (-) | 
fcrence in mechanism; and (3) diffei-ence in the hereditarj’ factor. ui 
first two differences will be discussed in the present report. Ho^^e^el, 
terms that liave been tentatively chosen to designate the two eategoiics 
used for convenience in this paper. The.se are (itop;/ (reaginic asthma, V 
atopic dermatitis) and familial nonreayinio food allergy (urticaiia, a 
lieadaciie — migTainc, gastrointestinal food allergA', and a numbei ot ot >ei 
or ]e.S's sei’ious clinical manifestations). , .. 

This investigation has already taken several different direction.s, detm 
mention of aU of which cannot be made in a single report of this nil . 
intended, in this first paper, to present evidence to indicate: (3)1 
tachycardia is a reliable criterion of nonrcaginic food-allergic 
this criterion can be practically employed with a high percentage 0 s 
in the complete relief of food-allergic .symptoms. 

The eight charts presented are examples of transient 
of which there is a close a.ssociation with the ingestion of a paiticu ai 

with one or more clinical symptoms of food allerg.v. -to have 

In these graphic records of the pulse rate in four of the 31 pci.son.s v ^ 
been relieved of their food-allergic .symptoms under the regime of tim 


♦From I^tlerlc* I>aboratorle5. Ina, Pearl River. X. V. 
Received for publication. July IS, 1040. 
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has been described elsewbeve,^' - three eharijclcrislic plienomena are illustrated : 
(1) the rapidly alternating tachycardia a(td remission of the high pulse rate; 
{2} the latent period of the food-allergie reaKion, and (3) the recurrent reac- 
tion. 


The pntient referred to in Chart 1 w a parti<>ul:nly interesting object of study because 
she nas subject to paternally inlieiite«l atopic asthui.i niul hay fevei (pollen, house dust, 
wheat), as \Yell as* to the nonvengiuic foo»l alicjgj- uhicli .she inhented fiom her mother. 
Ingestion o£ wheat, especially poatnra, causes an atl.i.k of asthma but no tacliycardia, and 
her serum passively sensitizes the normal human Nkm. «iaikedl> to house dust and distinctly, 
though not markedly, to wheat. On the other hand, put.ifo, poik, oiange, and coffee, all cause 
tachycardia, headache, and other clinical tyniptoms ot nonreagmic food allergy (Table I), but 
the patient's serum does not passively sensitize the noimal human skin to these four foods. 

puesc 



Chart 1.— The course of the puiso rate m pat»ei\t 'i f) «.*n the sixth to the twentieth day 
of ob.-e» \Mtion 

This deiTionstrated coincidental oeennetK-e of the veagiiuc atopy and the 
noiiieaginic food allergy in the same pei-Mm t!ie possibility that the 

two forms occasionally may be exhibited b\ tlii. same jiorson to the same food. 
Hence, it will not be necessary, if, in flie blodd of a patieut with migraine (for 
example), atopic rengins should be demmistraP d that are specific for an excitant 
of it, to conclude that the reagins in that insl.oiec represent the specific mecha- 
nism of the migrainous attack. 

The following additional featnies of llus cab*' ai** of mteicst: 

(1) Beef, puffed wheat, or bread, nnlk, and fwj. e ultiafilteied lemon juice were taken 
throughout the period indicated in Chart 1- 

(2) Although potato was discontinued aftei him :■ on the eighth day, the pulse rate rose 
twice on the ninth day. This recurrence of svinptoiub aftoi discontinuance of an allergenic 
food h also illustrated in the record of the puli^ rate aftci the ingestion of orange by this 
patient. There was mild recunence of tai'h>eardiu .«ud ul'-o symptoms (headache) on the 
second day after the discontinuance of orange. 

(3) Orange was taken in liberal quantity at all three meals for nearly two days before 
symptoms appeared. This was the fu.si observed mstauve in this study of the "latent period," 
'ihich presently will be discussed more fully. 

(4) The causes of the brief Imt considerable ueceleration of the pulse rate on the 
twelfth day were not discovered. There may have l>een an aceuleutal addition of some un- 
suspected allergen in the diet on that day. 

(5) The level line at 80 indicates the highest recorded pulse rate (observed before and 
Jitter each meal) during the indicated period, Tlie pulse rate was frequently lower— some- 
tiaiea as low as 72. 
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((')) Tacliyearflia \vas sometimes present for an appreciable time after the otlior symptom' 
had disappeared. In another person noticeable tachycardia lias frequently been ah.'cnt when 
the patient was sulTering severe heartburn due to ingestion of relatively small quantities of 
an allergen. 



riiart 2. — The course of the pulse rate in patient A. R. on tliree days previous to the period of 
trial diet, and on the first five days of tlie trial diet. 
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Chart 3. — Tlie course of the pulse rate in patient A. K. on the sixteenth to the 

observation. 


thirtietli d.ny.i of 


A young biological ebemist, A. E., whose pulse record is illiistrafod in C lar s - 
bad since February, 1939, been suffering from the symptoms mentioned in Chart 2 ^ 

25 pounds in weight. The pulse record .«Iiowm under the figures 1 to 4, representing 

day.s, shows the range of the pulse rate over 84 (which was found later to be bis ^1^.,), 

on his usual diet, which included generous amounts of milk and bread. On the i 

days, .and on the morning of tlie seventh d.ay, lie took only milk every lioiir, nn.'^ le^ ^ 

vinced. at tlie end of tlii.s trial, that milk does not agree with him. He c langct 
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egg: diet from luncJi on tlie seventh day and his sjniiptoms lessened, the pulse rate on the 
eighth day showing a slight recurrent reaction to milk. After the ninth-diiy period he added 
v\heat, beet sugar, and pork to his diet without experiencing symptoms, his pulse remaining 
under 84. 

Following the ingestion of a yeast-raised zwichark, his symptoms recurred witli a mild 
tachycardia. On the sixteenth nnd aeventcenth days, he took scvcial cakes of Flcischmann’s 
joast and, after a latent period of about a half day, eximricnced clinical symptoms with tachy- 
cardia. On the eighteenth day his pulse registered a slight, recurrent reaction. During the 
period between the nineteenth and thirtieth days, m which otlier foods were added to the 
diet, he was symptom free. The thirtieth day he spent in New York City where, as he re- 
ported, he “became overexcited and fatigued by climbing subway and elevated steps”; lie 
ascribed to this unusual experience the headache and tacliycaulia recorded on tliat dav. 
However, inquiry revealed that at lunch he had eaten omelet, not being aware of the milk 
content of this dish. Ho has been symptom free during the succeeding eighteen months and 
has gained 35 pounds in weight. 



Chart 4. — The course of the pulse rate In patient J. G on three days prior to the period of trial 

diet. 

Trials with 30 different foods have revealed no other sensitivities. 

The serum of this patient does not cause the slighlcst detectable passive s-ensitization of 
the human skin to milk. 

J. G., a 3G-year-old man, active in the management of a large citj gaisige, complained 
chiefly of a headache on the left side which recurred at one- to two-week intervals and in- 
capacitated him for about three days. The recurrent headaches were of eighteen years’ 
duration, and the most serious step in his pievious treatment of tlicm had been an exploratory 
ahdoiniiia] operation performed at his insistence. Cliaits 4 and 5 show the course of his 
pulse rate in the first three days on a general diet, and in the first five days of the “trial 
diet.” 

It is seen in Chart 4 that his maximal pulse rate in the three days previous to the 
beginning of treatment was not very high— 8G. However, on an exclusive diet of beef on the 
filth day, and of beef and milk on the sixth day (Clmrt 5), the pulse rate did not pass above 
74. Following the addition of wheat on the seventh day the maximal rate reached 90, and 
be had a headache. He took no wheat after the evening meal of the seventh day, and th*re 









COCA: FAMILIAL XOXKEA<?INIC FOOD .VLLLRGY 


X883 


Tvere bo sj-mptoms thereafter. There wag a rigorous recurrent tachycardia on the eighth, day 
and a milder one on the ninth. The sahsequent trial of coftee caused hives, but no headache. 
Cane sugar caused headache without hives. This patient has made trials of at least twenty- 
four other food?, witli no nne-rplained clinical ‘■ymptoms nor fachycardia in the succeeding 
ttrcire months. 
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W. W. F. 57 IHeadacJios, Jicartbiiin, “in<ligCi-tion,” canker «»l) to 100 5(5 to 68 Apr\l Beef, orange, lamb 

\ Pores, marked phj’sical tiredness, petit mal 2040 

I (frequent during’ past 20 years) ; epileptic 
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Tlie outstamling symptoms in her case were rocuning attacks of marked dizziness (witli- 
out licadaeke), wliicli so interfered witli her woik to make her continued employment un- 
certain. The company physicians had once placed her under psychiatric observation in a 
sanatorium for three months and had reached a diagnosis of '‘emotional and nervous in- 
stability” ^Yllich they considered incurable. She consulted me only to inquire why she was 
.always decidedly worse immediately after injections of “cold vaccine.” At that time, under 
the threat of losing her position, and because her life was otherwise intolerable, she was con- 
templating suicide. 

Since it ivas imperative that she be kept from her work not longer than ten days, more 
rapid additions to the diet were allowed than i.s usually ad\isable. The headache caused by 
heef (taken three times) was the first severe headache m lier experience. 

The first rise of the pulse rate on the fifth day was interpreted as recurrent from the 
reaction to beef; the second rise on that day was tliouglit piobably to be due to wheat. The 
patient has been found sensitive to all other ecteals and sugar cane, and to orange, grape- 
fruit, tomato, coffee, onion, banana, pineapple, strawberry, lemon, and egg. 

During the succeeding nineteen montlia (to dote) she lias, with few exceptions,* been free 
from the dizzines.s as well as all the other minor sjmptoms (canker sores, nausea, diarrhea, 
"fluttering heart,” neuralgia, and maiked las.situde). The exceptional episodes could all 
he referred to the unwitting eating of one or the other of the allergenic foods. On one 
occasion she ate at the evening meal only the moat of a fowl that had been stuffed with bread, 
nnd the next day she suffered a mild <lizzinos3 

Direct intraeutanoous tests with exlracls of the im uminaferl foods gave negative results. 
Intracutaneously injected into a known receptive |)!itu-ti{ (K 1>) her serum in a quantity of 
0,05 c.c. failed entiiely to sensitive the .skin pas-uely t . beet, wheat, orange, and coffee (no 
tests were done with the other allergcuic food.s*. 


Table I presents the essential data of tiu> 31 3 )crsons with nonrcaginic food 
allergj’ who have been successfully treated with tlic method of trial diet con- 
trolled through the pulse rate.! Tlie folloum,; points may be emphasized. 

The range of the food allergic i)ulsc rate \;p*ies greatly in different persons, 
for example, J. G. and F. C, F. showed iiigli var^s of only 86 and 84. respectively. 
The range of the normal pulse rate vanes gicatly in different per.sons; the high 
count (68) of W. "W. F. is the same as tlio l<)v\ count of J. F. 

Tu most eases tlie symptoms meniioucd in Table I could be induced by 
eating one or the other of the allergenic foods identified by means of the tachy- 
cardia. lilany of those svnijitoins have not lueii generally I’eeogiiized as due to 
food sensitivitv; especially, nervoii.sne.s*^. dizziness, allergic sinusitis, physical 
tiredness (“no ’count feeling” — Vauglinu'J and irritability. All of these syjjip- 
toms disajypcarcd in the respective pfiticnts otter the pulse rate became nonnal 
following the cliiniuatioti of the (tUcryenic food-i^ and they were usually repto- 
ducibJe in all such persons by the mere eating of the forbidden foods. 


In one patient witli food allergy (Dr. “C.”) ♦‘‘c tacliycardm, although amply present 
(lange of 01 to 84, onee 90) could not be practicnll.' used m the detection of the offending 
foods. On the one hand, the single iml.se late of Sm was lecorded on a day when the 
pJiticnt was “feeling quite well”; wliorens, on one morning when he “awoke feeling as 
fi’ough an attack weie impending,” the pulse rate ranged between 72 and 70. However, 
this patient showed other peculiarities. Dr. “C.,” ^Mth much difficulty u^ing the Andro.<<en 
«ietl.oa, has identified “meat, fish, clnekcn, eggs, wheat, chocolate, and coffee” as allergenic 


‘These will bp disrues^cd in a later publication. ... .... 

nn each .natance .he Bu.ae ra«a we« noted 

tScoSnuVre S'fftKen. a'ml other' practical considerations nail be discussed in 

tian m a later publication. 



1888 THE J DVR'S Ah OF LABOKATORY AND CLINICAL JIKDICINE 

in Ills case. Yet, on one occasion after having eaten eliieken liberally on three i^ucccssive 
(1ay.s (ju.st after a four-day attack), he 'ivas “feeling quite well” on the third dav— the 
day of the single pulse rate of ninety’. By avoiding the above-mentioned foods, or eating them 
in the re.spective “latent period” — “ occa.sionally, . or once weekly” — he lia.s reduced his 
attacks to “one severe one .and one mild one in 5 months.” 

There are two possible explanations of this failure to arrive at complete relief of the 
allergic symptoms. (1) The patient, being a doctor of medicine was in the habit of faking 
certain commonly used drugs at the first premonition of an “attack.” It has been seen in 
other eases that drugs may so affect the pulse rate as to interfere rrith the interpretation 
of the record. (2) This case was being studied long before tlie allergenic action of metals 
and essential oils had been recognized,’^ 

There have been a few other ‘ ‘ failures, ’ ’ all of which are similarly explainable. 

jJIost of the foods that have been identified as excitants of nonreaginic food 
allei’gj’ in tiie 31 patients that Jiave been under this kind of treatment have been 
common ones. Table II shows the list of these foods. 

Table II 

Foods Most Commonly Incriminated as Excitants of Familial Nonreaginic Food 

Allergy in 31 Cases 


IVlieat 

11 

Wliite potato 

Orange 

11 

Chocolate 

Egg 

11 

Coffee 

Beef 

10 

Sugar cane 

Milk 

10 

Sweet potato 

Tomato 

9 



LATENT PERIOD IN NONREAGINIC FOOD ALLERGY 

In the case of A. F. C. it had been noticed that after sensitivity to a numher 
of vegetable foods had been unquestionably established in several separate tests, 
in all of which the allergenic food had been eaten in generous quantity se\ci’a 
times over a period of one or more days, if tlie food was avoided for a long time 
it could always be eaten once, often more than once, with impunity. I began to 
generalize my thoughts about this recurring phenomenon after I came acios.s t e 
folloiving statement Vaughan^® : ‘ ‘ This, we shall see, is very characteristic o 
food allergy^, that an allergenic food may be eaten at times with impunity, a 
other times with consequent symptoms.” 

The thought took a practical turn upon the following observation 
o), who had been found sensitive to wheat. About two months after Ins irs 
wheat, he ate, only at one meal, an unstinted quantity of bread after whiev le su ^ 
clinical symptoms and observed no rise of the pulse rate above his normal 

The relatively short interval (two months) between the two tests with /jjjjy 

the question how sliort the interval can be made without the occurrence of a reac 
question was studied in tlie case of A. F. C., by administering at six- or seven- aj 
a number of vegetables and fruits to all of which he had been proved ‘ 

these foods (peas, string beans, Lima beans, beet, date, raisin) had not been ea en^ i 
weeks, some not for several years (asparagus, broccoli, alligator pear, sugar), 

squasli, endive, tomato, onion, peach, pear, prune, blueberry, raspbeny, an gf 

IVith three exceptions no tacliycardia or allergic symptom followed the first two m 
these foods. . jjjjgr. 

Broccoli caused no symptoms on the first ingestion, but after the secon , six 
there was heartburn and an eight-point rise of the pulse rate from the norma m. 


*To be discussed In a later communication. 
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■j-2. Squash on the first eating cavisetj no reaction, hut one week lutor n caus»'d nen-ousness 

a tachycardia (03). Yam, eaten for the first time after an abstinence of many years, 
f3U5ed headache and hejirtburn, tJie latter being felt witinn a few hours, and the former 
on the following morning. 

Patient A. R. (see Cliarts 2 and 3), nftei s>}Htainiiig from milk for six months, has 
taken a glass of milk once without experiencing .symptoms or tachycardia. 

The latent period ia illuatrated in the ca'^p of if, iL D. (Chart i), who ate oranges 
from dinner January IG to lunch January IS bctoiP Itca-lachc and tachycardia (to 104) began. 

There ivas a similar experience with oj.mgcs m ti»e ca**e of C T., symptoms being 
delaj'cd for nearly forty-eight hours. 

In some instances in the case of A. F (' <»pjiortunity has been had to observe that 
the longer the interval of abstinence from an alleigmuc food the longer the latent period. 
Thus, string beans, after haring been prexiouslv aivuded for a number of years, were eaten 
almost every day from October 3, 1939. until .llarfh }<», imo. when symptoms and tachy- 
cardia appeared, which ceased about twenty fom luuus nftei the last consumption of string 
beans. On April 13 eating of string beans was le-umed. at fijst at foui- to five-day intervals 
and from May 22 at seven-day intervals without avmptontH mUd June 19, when mild headache 
appeared in the night, and again June 2<». ulu-n abdommul pain followed soon after eating 
the beans, After an interval of two weeks mdulgenee m u hbeja! quantity of the beans 
was followed shortly by slight intestinal di-emu turt The puLse lute was 72 after walking 
«r> two flights of stairs. 

Grapes and raisins had been provjouslv auudvd foi about nine years, when after 
January 10, 1040, they were taken, almost dadv uifhouf simptoHs-, until February 12, on 
whicli date hcarlbum, flatus, and hradache appeai.>d Lcttm-e. wUnh was also being eaten, 
was discontinued on February IG, but tlic h.- hciirbum. and flatus continued until 
twenty-four hours after grapes and nu.-un,- wetv «/{ntffvd un hVbniary 21*. There were no 
allergic symptoms after February 20 until M.arch -i .hfaiM.ura liom ju-c wafers) and March 
30 when hcadaclie marked tiio return of «ru'm\i(\ to bean 

Prom the foregoing data it is seen tlud the Uitout period of nonreaginic food 
allei'gy is not eonsfaiit. It varies in pfr-ons and in the same individual 

with respect to different foods. Tlie latmt ovi md ha^ he<‘n encountered in 13 of 
die 31 patients (E. P. C., U. 51. 0 . T., -I. , \V 5V P., R. M., U. A. S., 

'i.P.j'W. S. C., A. R., U. F., U. T>. H . 1. IT. IS t. Most of the 13 patients are 
leaking regular practical use of the ph^'jiotm-ncn bx catni" the respective al- 
lergenic foods at safe intervals. 

7he phenomenon of tlie latent iicriud i-; descrihed by l aiighan,^* 

wiio cites in illustration a ease of .sensitixiiy to f;Ag witii avoidance of that food 
‘for three j'cars/^ The patient, beiiis: fftuud 'iiegatix'v ’ to the cutaneous test, 
iTsiuned the eating of egg and, one month littrv, lu-gau again to exhibit the 
ahergie symptom (migraine). In sucii a ca-so I'aiighan speaks of the allergenic 
food a.s a "build-up'’ food, referring to the time leqtiired. after the period of 
‘I’^oidancGj for the re-establishment ("build up ) of tho sensitivity. 

RIGKIPICANGE OF THE LATENT rKRlOD OF N'ONREAXilNIC POOD ALLERGY 

An interpretation of the latent period of food ailersrv' is found in a .simple 
description of the fact in other words; namely, the sensitivity is lost for a time, 
the duration of which depend.s probably among other things, upon the length of 
the period of avoidance. 

One may sav that in many instances eontinual contact with the excitants of 
nonreaginic food allergy is necessary for the jnamienanee of that kind of human 
allergic disease. Vaughan evidently entertains the same viexv of the phenomenon. 
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This phenomenon is seldom, if ever, obsen'ed in reaginic atopy. It is true 
that reaginic atopy is sometimes “outgi'own” but not neces.sarily foliowiag 
avoidance. Indeed, it seems -vvell established that the natural process of outgrow- 
ing hay fever is often expedited by artificially increasing the exposure to the 
excitants of it. Under the specific therapj^ of ha.i" fever by injections of an 
extract of pollen, the reagin content of the blood diminishes in many patieiit.s' 
after a ferv years of continual (perennial) treatment/ 

Thus the “latent period” of nonreaginie food allergy stands as a mark of 
differentiation of this eategoiy from the atopic group. 


.SUMMARY 


1. Evidence has been presented of an association of tachycardia with clinical 
symptoms of familial nonreaginie food allergy, which was so regular in Die 31 
eases studied that the tachycardia could be used as an objective diagnostic 
ci'iterion of the allergic reaction through rvliieh the specific excitants (food.s) 
could be identified. 

2. A “latent period” of lost sensitivity has been recognized in a nnmlier 
of instances of food allerg.y. In some instances this latent period lias been found 
to vary in duration according to the length of the period of avoidance of the 
respective allergenic food. The pi’aetical use of the latent pei’iod is described. 

3. Some of the grounds for distinguishing two categories of familial sensi- 
tivity are discussed. 

4. Tlie occurrence of reaginic and nonreaginie sensitivity to foods in the 
same individual has been described, and the practical consequences of such a 
coincidence are discussed. 


Addendum (August 25, 1941).— The editors of this .Jourkal Imvc permitted me to with- 
iiold tJiis note until the article was about to be printed, in order to extend tlie peiiod o 
observation of the patients. 

The clinical results can be summarized as follows; 

(1) All patients, except M. B., are still under occ.o.sional observation. 

(2) All patients have had voluntary and blind tests of their specific sonsitivib 
(for them) allergenic foods since the completion of their course of treatment hj tim ( 

In some instances no tachycardia nor allergic sj-mptom followed the test 

In all the other instances there was tachycardia, usually with one oi’ more of ^ 

allergic symptoms. In most cases the test did not cause all the allergic symptoms. m-i 
C. T. sometimes suffers tiredness or leg ache without headache or 
ache aione, sometimes dizziness alone, sometimes both together. These different 
fions of symptom.s were present on different days under test with a single allergenic 
(cane sugar). All symptoms disappeared after that food was eliminated from the t ie • 

(3) No unexplained allergic symptoms have occurred in anj' of the patients tia 

remained under observation. _ , 

(4) Some of the patients frequently retest themselves or deliberately indii ge 
selves if the resulting sj-mptoms are not incapacitating; they are able to control t ww 

neurasthenia, knowing the cause of each allergic episode. - t 1 mcviou-' 

(5) In some instances one or more of the symptoms that had been cxhi n 
to the dietary treatment did not recur at any of the subsequent te.sts. For exa 
monthly petit mal seizures of patient W. C. F. have not recurred once since r pr , 
although heef has been eaten occasionally, causing a moderate tachycardia. 

L foregoing summaiy i.s, in a sense, an understatement; scientific angnagc 
lend itself to the faithful portrayal of the great improvement 5^ their 

patients in the state of their “general health,” in their sense of well be n„, 
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outlook on life, and in their behavior toward their ,^^sociatPs. Of the gieat miportjince of 
the?e inipondciables I am oonvincod. 

Further cHnieal details of these cases and a<ldltmnal cases, as well as a detailed descrip- 
tion of the method of tieatment, will be published lu a forthcoming? monographic report (C. C 
Thomas, f'pringheld, lU.). 
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LEFT VENTRICIILAE FATUIRK MUE TO ESSENTIAL 
HYPERTENSION* 


Nathan Pl.\.xm.\n, IR.l)., CmcAtio, III. 


T he most common foims of oimihilury indiiiT cMivoiiiitGrcd in the oi’lice o£ 
the general practitioner are those in wliieii the on^et is with lailurc of the 
left side of the hcavt.^ Failure of the loll rosnlls from diseases in 

whicli the work of the chamber is increased or il'> muscle is cltKcascd, and includes 
sucli causes as essential and nophntie InperLu-ion, arteriouderosis, and syphi- 
litic disease involving the orifices of tiie ''niimary ailcvies 1o the left ventricle, 
defects of the aortic valve, and mitr.il wilti pmioniinimt regurgitation. 

Essential hypertension is tiic most common ci"'iogtc factor in tlie causes of or- 
ganic heart disease,’* and probabh ,ic('(>uius \ 'i' ilio grcalcsl juimhcr of cases 
of isolated left ventricular failure 

Except as described by H^peP i1k coupid*' ot isoialod failure of the left 
ventricle of the heart is one that has aii.'-cii wilhijj recent years.'*''* liite*'' 
stated that failure of the left veutricle is nmii > ommou and imiiortant tlian that 
of the right ventricle and should be looked iut /calunsly, since by early recogni- 
tion and proper treatment not only ma> heart L.ihu'c of the left side be relieved, 
but heart failure of the right side, which is lik.-Jv to follow, may be prevented or 
postponed. 

In a previous study on the types of iiypcrtcnsive heart faUvire' in 594 
patients it was found that isolated fadiire «f liic left ventricle occurred in 156 
{26.5 per cent) of the cases. These patients had no signs of systemic congestion. 
The mortaiitv was lo'vver than aniong tho.se iiith combined ventricular failure, 
and the lending cause of death was not the usual congestive heart failure. 

The present elinieal study comprised 190 patients with isolated failure of 
the left ventricle due to uncomplicated essential hypertension. It included 150 

•From the Department of SXedteine. Ijoyata Unnersity School of Xlcdlcme, Chicago. 
Received for publication, July 18. 1910 
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males (79 per cent) and 40 females (21 per cent), whose ages varied from 31) to 
77 years at the time of onset of the cardiac symptoms (Table I). Of this group 
70.5 per cent were in the 40 to 60 year age group, the so-called “hypertensive 
age.” In a previous study of all ty^pes of hyiiertensive heart disease, 78.8 per 
cent were in this age group.® 

Table I 


Peecentaoe of the Age Groups at the Onset 


Ages j 

MALE 

FEMALE 

TOTAL 

PER CENT 


2 

7 

9 

4.7 


42 

13 

55 

28.9 


67 

13 

79 

41.6 


36 

6 

42 

22.2 

mm MKm 

4 

1 

5 

2.6 

Totals i 

150 

40 

190 1 



Symptoms which indicated tlie onset of failure of the left ventricle were 
dy.spnea, cardiac pain (precordial or epigastric or both), weakness, and palpita- 
tion. Cardiac pain was a solitary complaint of 20 (10.5 per cent) of the 1.00 
patients, but in all others the cardiac pain, weakness, and palpitation were asso- 
ciated with dj’spnea (Table II). White® indicated several important symptoms 
and signs that point to weakne.ss and failure of the left ventricle, which, he con- 
tended, should permit its recognition in the absence of mitral stenosis and con- 
genital heart disease; They are (1) cardiac dyspnea, (2) cardiac asthma or 
acute pulmonary edema, (3) diminishing vital capacity due to heart disease, 
(4) engorgement of the roentgen shadows of the lung hilus blood vessels, (5) 
protodiastolic gallop rhjdhm at the apex in the absence of heart block, (6) pulsus 
alternans, and (7) increasing accentuation of the pulmonary second heart sound. 
Of these seven points the symptoms of dyspnea and cardiac asthma, and the 
signs of acute pulmonary edema, w'ere the most reliable and helpful in the 
diagnosis of failure of the left ventricle due to essential hypertension. 


Table II 

Frequency of the Important Symptoms and Their Duration 





1 

dyspnea 

DYSPNE-V 

DURATION 

DYSPNEA AND 
CARDIAC PAIN 

DYSPNEA 

CARDIAC 

PAIN 

AND 

■WEAKNESS 

AND 

palpitation 

1 day to 6 months 

50 

34 

18 

7 

3 

7 months to 1 year 
2 to 5 years 

14 

22 

6 

14 

0 

2 

3 

2 

3 

0 

6 to 10 years 

3 

6 

0 


Totals 

Percentage 

89 

46.8% 

GO 

31.6% 

20 

10.5% 

12 

6.3% 1 

4.8% 


Combined dj-spnea and cardiac pain were the most common 
(46.8 per cent) at the onset of failure of the left ventricle. The morta i ^ 
lower among these patients than among those who had the same comp am s 
the basis of combined failure of both ventidcles. The lowest mortalit} 
among those who complained solely of dyspnea (31.6 per cent) oi o cai 
pain alone (10.5 per cent). Among these patients the mortality 
per cent. Thus the importance of recognizing failure of the left ventiic e e^ 
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as either dyspnea or cardiac pain, alone or eombined, are the most important 
sj-mptoins, cannot tie overemphasized from (lie standpoint of attempting to 
redneo the immediate mortality. 

The duration of the failure of the left vvnlriclc, from the onset of the first 
cardiac symptoms, was estimated in 44 (23 J per cent) knowir deceased patients 
(Table III). Data on 146 (76.9 per cent) living patients w'erc added for 
comparison. Of the deceased 83.8 per cent died w-itiun two years after the onset 
of cardiac symptoms. The percentage of patients still living, who were observed 
ivithin two years after the onset of symptoms, was S0.7 per cent, approximately 
the same ratio. 


T-iBu: III 

PtjaAVrOK op PISEASE ApTEP. OlJ.SEr OP C.1BDIAC SVMrrOMS 


DT;n.\TJOK 

tiZAlf 

LIVIKO 

M. 

F. 

TOTAL 

% 

jr. 

P. 

TOTAL 

% 

I day to d months 

25 

3 

28 

03.0 

01 

17 

78 

53.5 

r months to 2 year 

4 

2 

5 

J2.4 

19 

e 

23 

27.2 

2 to 5 years 

0 

■■ 

9 

20.4 

28 


31 


0 * to 30 years 

2 

■■ 


4.0 

5 

■M 

12 



3T 

T 

A-i 

100 0 

313 



jEgEH 

i’ercentnge 


.>■> 

}<yc 


70.970 


Table IF indicates the age at death nf these patients; 72.9 per cent died 
between 40 and 60 years, the "hypertensive age " In the same age period 76,6 
per cent of tlie entire group with h.vpertcnsiu- heart di.sease* died, which was 
about the same proportion. 

TASer IV 

PEPeENVAOE OP THE -Al.E OH'I. PS AT OPATiJ 


AGES 

1 MALE i 

ri.M.\{.K 1 

TOTAL 

TEE CKKT 

32-40 

1 - ' 

i ; 

1 


41-50 

1 !) ' 

i 

10 

22.9 

51-CO 

19 

:i 

«>.•> 

SO.O 

01-70 

S 1 

\ 

0 

20,4 

71-80 

! 1 1 

1 

o 

4.5 

Totals 

1 37 1 t i 

1 44 

1 lOO.f) 


CONTOE-STIVE linAliT PlII.VHE 

In general, congestive heart finlure wa.s the cause of death in 65 per cent 
of deceased patients ivith hypertensiA-e hem' disease.* Among those ivith 
isolated failure of the left ventriele the eommon cause of death was c<i«al!y 
divided between coronary thrombosis and congestiA'C failure (Table V). Among 
J5fl cases of hypertensive heart di.sea.sf Avith established auricular fibrillation, 
coagestiA'e failure caused 85 per cent of the deaths,’ in 36 cases with bundle 
branch block, it was the cause of death in 97 2 per cent of the deceased;^ and 
among 127 patients Avith hypertensive heart with gross arteriosclerosis, it was 
the cause of death in 72 per cent of the ticceiised." Since death occurred in 
only 16 (8,4 per cent) of the 190 cases during the period of observation, con- 
gestive heart failure could not he considered a common termination in thc.se 
patients with isolated failure of the left ventricle. However, it was the eaiise 
of death, within six months of the onset, in caeh of the 16 patients. 
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Table V 


Percentage or the Causes of Peath in 44 Patients 


CAUSE 

MALE 

FEMALE 

TOTAL 

rm cent 

1. Coronary occlusion 

15 

1 

16 

36.4 

2. Congestive heart failure 

11 

5 

16 

3C.4 

3. Uremia 

6 

0 

6 

13.6 

4. Cerebral hemorrhage 

5 

1 

6 

13.6 

Totals 

37 

7 

44 

100.0 


Five illustrative eases are presented to demonstrate that in the absence of 
any irregular rhythms, complications, or advanced coronary arterial disease, and 
in spite of treatment, a certain small number of patients with failure of tlie 
left ventricle due to essential hypertension died from congestive heart failure. 

CASE REPORTS 

Patient 1. P. P., a 54-3'ear-old white female, was known to have had lij'pertension and 
diabetes for six j’oars. Her blood pressure was sj'stolic 200 and diastolic 100, and tlio 
transverse diameter of her heart was 14 cm. at the onset of the first attack of acute failure 
of the left ventricle fifteen daj's before her death. In spite of bed rest and adequate dose^ 
of digitalis and diuretics, she died of congestive heart failure. Autops.v revealed onlj a 
moderatelj’ hj-pertrophied heart, which weighed 490 Gm., hj’peremia and edema of tlic 
lungs, and cloudj- swelling of the mj^ocardium. 

Patient 2. H. D., a 54-year-old white male, was known to have had hypertension for 
five years. At tlie onset of acute failure of the left ventricle five daj’S before his death t ic 
blood pressure was systolic 292 and diastolic 154. There were crepitant rales at both ung 
bases, and the transverse diameter of his lieart was 19 cm. Tlie liver was not palpable an 
no edema was noted. Following bed rest, and the administration of digitalis and diuretiM, no 
improvement was noted. Five daj'S after the onset he died suddenly. Autopsy reieaet a 
marked hj^iertropliy of the heart, which weighed 720 Gm., and mild sclerosis of the coronarj 
arteries witli occasional fattj' and calcified plaques. There was marked edema of the ungs 
and passive congestion of tlie liver and spleen. Death was apparentl}' due to conges i 
heart failure. 

Patient 3. A. P., a 5C-year-old white male, complained of dj'spnea and 
three weeks’ duration. He had had hypertension for one year. His blood piessiire v. 
sj'stolic 210 and diastolic 160. Crepitant rale.s were present at the bases of o i ™ 
and tlie transverse diameter of Ids heart was 20 cm. After ten daj-s of bed rest, igi 
and diuretics, he failed to improve. HHien seen again six weeks later, his blood pressure^ 
systolic 240 and diastolic 160, congestive heart failure was present and persiste 
death within three months. He lived five and one-half months after the onset o 
failure of the left ventricle. The cause of death was congestive heart failuie. 

Patient 4. P. D., a 55-j'ear-old white male, known to have had liypertens o 
j-ears, complained of dyspnea and precondial pain of five months’ span. is oo 
was sj’stolic 210 and diastolic 160, and the transverse diameter of his hear 
The liver was not palpable and no edema was noted. After bed rest and trea 
digitalis he became ambulatorj- in two weeks. Two months later, in spite o pgatli 

digitalis medication, he developed congestive heart failure and died uithin ten gjjyg 

occurred eight months after the onset of isolated failure of the left lentnce. 
heart failure was the cause of death. eakncss for 

Patient 5. E. M., a 58-year-old white male, complained of dj’Spnea transverse 

eight months. His blood pressure was sj'stolic 250 and diastolic 130, am His 

diameter of liis heart was 19 cm. Tlie liver was not palpable and no ® diiiretic-s- 

condition did not improve after bed rest, and tlie administration of of t''C 

Deatli occurred eight months and three weeks after the onset of iso a et 
left ventricle, and was due to congestive heart failure. 
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CORONARV THttO]U.lX)sK 

As a cause of death coronaiy throtnbosw or occlusion was common among 
the 190 jjatients with faihire of the loft ventncic, very cominon, one might add, 
as compared Avith fiio other groiipi: of pnticnts with Jiypertension. In general, 
it occurred as the cause of death in 10 per cent of all deceased hypertensive 
patients.® Among those witli estahiishcii iiuncular fibrillation it was noted in 
only one case (2.S per cent).® In the cases wjth bundle branch block it did not 
occur at alld® And among those who had hypert'-nsion with gims arteriosclerosis, 
where coronary occlusion AVas common, if was the cause of death in only 6.6 per 
cent of those Avho died.^^ 

Coronary thromliosis appeal's to ho tlm important fa<'tor in failure of the 
left ventricle due to essential hypertension ft was tJic leading additional factor 
(8.5 per cent) in 190 patient.s (Table > During the course of hypertensive 
heart disease® it occurred ns an additional factor in 6 ]'ei' cent of the patients; 
in those Avith nuHcnlnr fibrihition'* it wa'^ noted in only three (1.9 per cent) 
of the 358 patients; and only one patient (2 7 per ciuit ) wdth bundle branch 
block*® had coronary occlusion Uowever. in [>c)sons with liypcrtensivc heart 
(lisea.se Avith gross arteriosclerosis, coronar 0 ‘‘c)uMon w<is' more common, since it 
occAiTi'cd among 9.5 per cent of 327 jiuticnts This was to be expected since 
flic patients in the latter group Avore vdder. 81 cent were over 60 years, and 
sclerosis of the coronary arteries wms the rnh- than the exception. 


T\m.i, vr 

ADDITIONML PmTORS IV PJi' ( .UU'VTS 


cosniTiojf 

MAT.E 

n.M Ai . 

TOTAL 

PER OEXT 

1. woron.irv occlusion 

3?. 


li) 

5.5 

2. Angin.-i peclorig 

HI 

2 

12 

6.S 

It. C'wehral homorTbage 

4. Piabetes inejlitus 

S 

t 

7 

1(1 

.0 

2.0 


Cases of isolated failure uf the leli xcniiKio with regular rhythm, whore 
death occurred due to the coronary facft'i', ein* ad<b,'d to omphasize and illnstrate 
the facts mentioned. 

Patient 2. H, AV., a S-t-yenr oW wJntr 'unU*. Jjaii of puin Jocivlizc'l .«trict!y to the 

pTcCordial area for nix month’!. These attarbs m frequenrv, nn<1 gniduaUy he became 

f-hoTt of breath. A\^(e^ he ua.s first <» 3 .:n.un«J el.ncn ‘hns betoie hi- ^leatU, his bJoofJ pressure 
iras systolic 100 and diastolic 1-50. Crepstant iAi»*« t't’ie in'aid at tiie bases of both lungs. The 
tpsn.sverse iliametor of the heart was 17 <in The hver nus not palpable and no edema was 
Holed, Folloning bed rest and treritment with digital*-, hts eoudition improved, but on the 
elefenth day he suffered a typical atCnek of acute coronary thrombosis. His blood pres.';ure 
dropped to systolic 14C anti clinstolie and he died on the same day. An. autops}’ revealed 
Severe coronary’ sclerosis, mth marked nart-oumg of the coronary lumen. There was a recent 
thrombus occluding the left descemling bmneh of the coronary artery at the site of an 
atheromatous ulcer and a recent nivomalaci.n id the anterior wall of the left ventricle. The 
^esn weighed 720 Gm. and was markeiHv hypertrophied. This was a definite case of i.solated 
failure of the left ventricle on the b.nsm of ^sential h)T>eriension. Heath was due to coronao' 
thrombosis while the patient was under treatment and sliowm] marked improvement. 



HIGH INCIDENCE OP INFECTIVE STOOLS IN A SMALL OUTBREAK 

OF INFANTILE PARALYSIS®' 


George Y. McCeure, M;D., Albany, N; Y. . 


T his paper is an account of work done on tlie stools of patients suffering 
from, or suspected of having, anterior poliomyelitis. The techniques nsed 
are based essentially on those developed by Trask, Vignee, and Paul,* and by 
Kramer and his co-workers, “ hut are modified somewhat to suit, our purposes. 

Stool specimens were received at the laboratory in 25 ml. sterile glass 
container’s with metal screw tops, or in 250 ml. bacteriologic water bottles with 
ground-glass stoppers. No reagents were added to the specimens before tliej 
arrived at the laboratory. On receipt from 20 to 25 ml. were suspended in from 
90 to 100 ml. of sterile distilled water in a wide-mouthed bottle with a grpiui!!- 
glass stopper. To this about 15 ml. of ethyl ether were added. The suspension 
was then shaken by hand for from five to ten minutes and placed in tire re- 
frigerator at a temperature of from 4° to 10° C. After twenty -four hours cul- 
tures "Were made on horse blood agar plates and incubated for trventy-four hours. 
If these plates showed only slight growth, and no streptococci were present, t ic 
suspension was evaporated under Amcuura in a desiccator containing sulfirrtc aci 
to get rid of the ether. Three mice rvere inoculated intraperitoneally, eaelivrt 
0.1 ml. of the suspension. If the mice sui’vived trventy-four hours,- it was con 
sidered safe to proceed with nrorrkey inoculations. If the mice died, tire specmiei 
was treated again rvitlr ether, and the whole procedure w'as repeated. sua } 
two treatrrrents were suffreierrt, although before the use of mouse contros 
monkeys in the fir-st series died of peritonitis from the lesions of which prcsrrnr 
ably pathogerrie microorgairisrns were isolated. 

Beeairse of these deaths air attempt -was made at first to get a better 
tericidal agent by using Aunyl ether, and also chlorofonn, but Anthout 
and lastly by shaking the suspension from two to four hours rn a 
machine rvith ethyl ether. This last procedure sterilized the stoo s 
tively, but most of them proved to be toxic. The te.st rrrice 
Avithin ten hours, and only slight bacterial groAvth Arms obtarrre lo 
peritoneum. Monkeys inoculated Avith such stools CAudenced a seACie au^ 
toxemia AV’ith subnormal temperatures and eAudence of paralytre r 
of them died Avithin tA\’enty-four hours, and no microorganisms. 
either from the pei’itoneum or from the heart’s blood. MoreoA'cr, 
inoculated AA’ith material treated in this manner developed po roiuj e . 
CAmntually returned to our original method AAoth such success as aai Je 


out subsequently, 

, , -i-Arit- state Department 

•From the Division of Laboratories and Kesearcli, lo 

Albany. 


of Ilea**’ 
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The stool inoculations in all cases Averc made intraperitonoally, from 5 to 20 
ml. being given at an'injection. Occasionally Avith two injections on successive 
(lays, as mucli as 30 ml. were given. Stool suspensions shaken only hriefly with 
ether invariably settled out into layers. ri)un injection the topmost, clearest 
layer and sortie of the middle, cloudier material were taken. The coarse sedi- 
ment at the bottom of the bottle was not disturbed. 


• For monkey passage we used ratlicr heavy 10 to 20 per cent suspensions 
of supposedly infected brain and s})inal cord material, ground in the beginning 
with pulverized glass, but recently with aUindum. and suspended in physiologic 
salt solution. The suspension was centrifuged at about 2,000 r.p.m. for ten 
minutes. Routinely 1.0 ml. of the snpornataiit was inoculated into the left 
frontal lohe, and 5.0 ml. Avcrc inoculated intraixTitoneally. In each ease, four 
immature mice were inoculated intraeraiiially and intraperitoneally with the 
same suspensions. None of the mice at any time showed signs of disease. 


The first group of patients consisted of four children with clinical polio- 
myelitis, and an advrlt believed to be suffevimr fi‘»m a second attack of the dis- 
ease. All were inmates of an institution and were convalescent. The cases were 
studied during April, 1939, through the com(es\ nf Dr, A. C. Silverman of the 
City -Hospital, SjTacusc, N. Y. Tlie stool spwimMis werc' treated as described, 
with only slight shaking. Specimens from iIm- loni <-hihlren proved infective for 
monkeys, and second or third passages wen- obi.iine<l The animal inoculated 
ivith the specimen from the adult remaind jb\< :ind wvll. Table I shows the 
relationships between the clinical disea''e .uid ti.< collection of stools. It is of 
interest 'that in the ease of S. C. a pei)'>il of t<>.'v days elapsed between the 
probablo onset of the disease and the e4>lh-eti'»i stuol material. It is also of 
interest that all of these children, and i u. noted later, were under two 

years of age. All had flaccid paralysis •>} ^oun ‘l'•g^■e^^ iour in the e.vtremities 
and one in the face. 


The next group of case.s .studied wa-' fiom .i 'Uiall outbreak near Geiman- 
town.N. Y., in August, 1939, invcstmatcd wi’h t’- iu-lp of Dr. L. D. Carpenter. 
•Stool specimens were obtained; one Vioni <i with c.vtensbo paial.i.sis in 
tliefir.st ^Yeck of the disca.se, and anotln! fiom a -•■lilatcral contact who had had 
a-brief febrile illness at about the same time but without paralysis. ^ ^Ve were 
nnable to produce poliomyeliti-s in monkeys, and <au‘ of three animals inocu ate 
died of peritonitis; hemolytic streptococci w(‘rc i'-ulatcd. 

With the cooperation of Dr. H. R. O'Brien and Dr. J. V. Anderson, a third 
ftoiip of cases from Cattaraugus County was studied in December 1939, and 
•Januaiy, 1910. It consisted of .seven children in one family, two of them with 
Paraljlie anterior poliomyelitis, one recovered from a febrde illness- wit out 
PM'.tly.sis, and the other four not olin.eally affected; and two other individuals, 
om with residual paralvsis six weeks after the onset and another with no 
Patalysix one month following illness. The specimens from this group were 
ilitained from three to six weeks after onset of the disease. They w'ere frea cd 
I'.v prolonged shaking ivith ether, and while no monkey.s contracted climeal 
polinniyelifis, two died of peritonitis and paralytic ileus. No microorganisms 
eould.he cultured from either the peritoneum or heart’s blood. 
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During August and September, 1939, a number of stool specimens iverc 
receii^ed in the laboratoiy from Buffalo, N. Y., and stored at an average tempera- 
ture of -5° C. until they could be studied. On January 31, 1940, one of these 
specimens from an infant ill with paralytic poliomyelitis, received September !), 
1939, was selected and treated ly the original method of shaking very brieflv 
with ether. Cultures from the treated suspensions showed no growth. A monkev 
ivas inoculated and developed severe anterior poliomyelitis. The virus has been 
given thi’ee subsequent passages. It is of great interest that the virus remained 
virulent in this stool, frozen in the refrigerator for 124 days, or throughout the 
winter months. 

Table I 


PATIENT 


Syra- 
cuse 
A. Me. 
F. 17 
ino. 


N. W. 
M. 7 
mo. 

J. W. 
M. 14 
mo. 


S. C. 
F. 22 
mo. 


Buffalo 

E. P. 

M. 9 
mo. 


PP.OBABLE 
DATE OF 
ONSET 


4/ 9/39 


4/14/39 


4/ 9/39 


“xVllOUt” 

4/ 2/39 


S/23/39 


STOOL 

SPECIJfEN 

RECEIVED 


4/30/39 


4/30/39 


4/30/39 


5/12/39 


S/31/39 


MONKEYS INOCULATED 
FROM STOOL 


ANIiMAL 
NO. AND 
DATE 


No. S3 
3/ 3/39 


No. 70 
13/ 3/39 


No. SO 
3/ 3/39 


No. 92 
|o/12/39 


No. 103 
1/31/40 


ANATOMIC 

FINDINGS 


Anterior 

poliomye- 

litis 


Encephalitis 


Anterior 

polioraj-e- 

litis 


Anterior 

poliomye- 

litis 


Anterior 

poliomye- 

litis 


PASSAGE MONKEYS 
INOCULATED 


ANIJIAL 
NO. AND 
DATE 


No. 8S 
from 
83 

5/12/39 


No. 9S 
from 
76 

'n/21/39 

No. 91 
from 
86 

5/11/39 


No. 100 
from 
92 

6/ 6/39 


No. 113 
from 
103 

3/ S/40 


ANATOMIC 

FINDINGS 


Meningo- 

encepha- 

litis 


Anterior 

poliomye- 

litis 


Encephalitis, 
Light an- 
terior 
poliomj'C- 
litis 

jMild en- _ 
ceplnilitis 


Anterior 

poliomye- 

litis 


PASSAGE JIOXKEYS 
INOCULITED 


ANIJLAL 
NO. AND 
D.WE 


No. 101 
from 
83 and 

ss 

12/12/.39 


.Interior 

polio- 

niyc- 

litis 


No. 96 
from 
92 and 
100 

12/23/.39 


AN.ITOMIC 

FISDIXGS 


Anterior 

polio- 

mye- 

litis 


Note . — In patients A. Me. and S. C. Hie material for second pa.ssase rWs^POo'^<^^^ 

indicated, botli for fear of losing the strain and to conserve nionKej-. i 

lisli a typical second passage only. n - -n V C Silvernion 

Alore complete clinical data on four of these cases are discussed hy Ur. . . 

(xVm. J. Pub. Health 2 i; 583, 1941). 


Because passage monkey.s sometimes fell ill with an acute disease s 
involvement of the central nervous .system but without flaccid pjial.isi-s, RO 
were considered to have unequivocally contained the virus of anteiioi P ^ 
myelitis until at least one typical second or further pa.ssage vas 
Table I). Tims, even though a monkey showed fever aftci ^ 

days, accompanied by tremor and other clinical signs of enee])ha i1i-s, 
though such animals on autopsy showed meningitis 
exudate, perivascular accumulations and nerve cell destiuction vi 
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pliagia in tlio brain stem or cortex but not m '.(unai cord, tlic evidence was con- 
sidered insufficient, Purtlier jmssages vn-n- made until a munkoy developed, 
clinically and liistopatliologioally, typical auicvior poliomyelitis. As other 
authors’’ ■' have given detailed jirotocols ol the disease in monkeys, it seems 
superfluous to do so here. Charaefei’islu* lesums consisted of neurone necrosis 
with neuronopliagia in the anterior horns and usually elsewhere; perivascular 
cell accumulations usually of mononuclear cells, but occasionally with jmly- 
moi'pliomiclear cells iiredominating; sonic dcercc of ieiitomcningifis, often of 
scattered distribution; occasionally small perivascular hemorrhages in the 
nervous tissue or meninge.s; .signs of nneroglial activity and clasmatodendrosis of 
astrocytes about local lesions, and various demcos of Nissl's degeneration in 
ganglion cells. Lesions were observed in all ma,jor divisioms of the spinal cord, 
the medulla, pons, meseneephaion, dicnccphalon. roof nuclei of the cerebellum, 
and the motor cortex, as well as in dorsal root ganglia and iSasscrian ganglia. 
No lesions were seen in the thoracolumbar autonomic ganglia. 

In many monkeys focal interstitial nci>lirilis was observed. Similar lesions, 
however, liavo since boon fouiul in a monkey di mg of unknown cause, and in 
two monkeys dying of bacillary d.isontery. 

All intracranial inoculations in monkevs n/ium ic-’ rhesus) were made into 
the left frontal lobe. All monkeys were sacrificed by light ether anesthesia and 
intraeardiac air embolism. None were pcrnnttcil to die spontaneously. Autopsy 
in each case was performed as soon as death siipcrvoncd. In addition to the 
parts of the nevvoux system menlu/iity} vriem' acre taken routinely from all 
visceral organs, including the ma.ior diMsums ,.i ilic ga.strointostinal tract, and 
from the peritoneal lymphatics I’hc iiscn.i vuc ti.xcd in Zcnker-aeetic solu- 
tion and stained with hcmafoxtlin and phioMi,. (Viilrai nervous s.vstem tissue 
was fixed in Zenkcr-aeetic solution, lounaliu . ooinmmm hromide, and 70 per 
cent alcohol, Homato.xylin-iihlo.xmc ami Ihionnic stains and silver carbonate 
and gold-ebloride subliuinfo iin|ncgnatn>ns wci' done in each ease, and when 
it seemed indicated, scarlet led slam Uni demonstration of fat) was made. In 
only one instance, however, was anv coiisulci.ibli tatty change observed. 

All anfop.sies were controlled In i-iiUnns and film iireparations from the 
peritoneum, brain, and heart’s blood on Inn sc blood agar. In no case were 
any significant bacterial findings oliscivcd. All imssugo .sn.spen.sions were con- 
trolled by culturing on liorsc blood aaai, with no significant bacterial findings. 
All inoculations into monkeys wore contuilkd by parallel inoculations info 
young Swiss mice. The mice were observed f'oi one month. No instances of 
disea,se were noted. Virus strains, if one may use the term in this connection, 
from three different eases were pnt iiitracrauially and intraperitoneally info 
Eastern cotton rats (Sigmodon hisiiiehis ht.sjndux). but no .successful passage was 
olitainod. 

Serial “faitli” pa.ssage.s througli six passage generations of cotton rat.s 
yielded no results. Cotton rats and young Swiss mice intoxicated with guanidine 
iiydrochloride, diortliocresylphosphate, cadaveriiie liydrochloride, and ethyl- 
Mcdiamine diliydrochioride, all failed to contract the disease. All were observed 
for a month following intracranial and intraperitoneal inoculation with tissue 
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containing virus. All chemical intoxications 'were mainlained over a period of 
from ten claj^s to two weeks, starting iisuall.y live days previous lo e.xliiljifion 
of the virus. Three rats put on thyroxine injections all died during manipula- 
tion for taking temperatures before poliom.yelitis would liave lieen expected lo 
develoii. 

It is worth noting here that maii}’^ of our cotton rats died suddenk duriiu: 
or after very brief handling. We were unable to find a cause for dealli on 
autopsy, though it may be significant that immediately post mortem tliere vas 
marlied peristaltic activdty observable through the intact abdominal wall. 


SUMMARY AND CONCLUSIONS 


Single random specimens of stool -were obtained from a total of 17 eases 
of tyiiical, abortive, or atypical suspected anterior poliomyelitis and inoculated 
into monlrej's, with five “takes.” Nine of these cases had clinical paralysis, 
Two were clinically abortive types. Two were atypical. Four were contacts 
without clinical signs or symptoms. 

Eight stool specimens ■were treated by^ the method outlined, with .shaking 
from five to ten minutes -with ether. Of these eight cases, seven had paralysis. 
Prom five of the paralyzed eases, successful transfers of the disease into monkeys 
were obtained. 

Nine stool specimens were treated by tlie method outlined, but the suspensions 
were shaken for two to four houi’s wuth ether. Of these nine cases, two were 
paralytic ; none of the inoculated monkeys showed signs of poliomyelitis. 

One of the infective stool specimens xvas collected as late as forty days after 
the probable onset of the disease. 

One of the stool specimens kept at a temperature of -5° C. remained in- 
fective for 124 day's after collection. 

All stool and monkey' cord passages were controlled by mouse inoculation. 

All successful passages were from the stools of infants under two ycais 
of age, in four cases at least, on similar diets. 

It does not appear to me that any deductive conclusions may be diavn 
w'ith certainty' at this stage of the investigations. However, the question undci 
what conditions poliomy'elitis virus will remain infective in stools seems to he 
of interest. 
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BEHAVIOR OF THE RECIPIENT’S LEUCOCYTE COUNT FOLLOWING 
TRANSFUSION OP PRESERVED BLOOD* 


J. Andrew Graham, JI.D., and Whj.is M. Foweer, M.D., Iowa Citv, Iowa 


T he iiiereasing use of preserved blood for transfusions has raised many ques- 
tions regarding its effectiveness as compared to that of fresh blood. Among 
these questions is its relative value in agranulocytosis and in septicemia or other 
infections conditions, both as regards the transferal of immune bodies and 
the leucocytes themselves. Although there i.H still a difference of opinion as to 
the effectiveness of any transfusion in combating an infection, the procedure is 
frequently used. 

It has been shown that with a transfusion of fresh blood the transfused 
leucocytes disappear from the recipient’s blood stream within two and one-half 
hours and that such a transfusion does not cause a significant increase in the 
leucocyte count.’ Since tlie life of a normal leucocyte is from one to five days, 
and the number of these cells iu the ordinary transfusion is relatively small, _onc 
could not e.'tpect a significant increase in the recipient’s count. With preserved 
blood it has been siiown that there is a gradual disintegration and reduction in 
the number of leucocytes during the period of storage, and it has been recom- 
mended that this blood not be used in patients with agrannloeytosis.' The value 
of transfusions of preserved blood in infectious states has also been questioned, 
since the degenerative changes in the neutrophilcs rednee their phagocytic ac- 
tivities.’ On the other hand, it has been suggested that the products of dis- 
integration may stimulate the formation of new ceils in the recipient.’ 

In order to determine the effect of transfusion of preserved blood on the 
recipient’s circulating leucocytes, counts were made before and after the giving 
of Wood from the “blood bank.’’ The age of the blood varied from one to 
twenty-five days, as is noted in the tables, and the preservatives used were either 
sodium citrate or a de.xtrose-eitrate mixture, as described bj’ DeGowin.’ The 
patients selected for study were those without an acute infection or recent 
licmori'linge. No patient was studied during a po.stopcrative period. In one 
Sroup of 15 patients leucocyte counts were done at two-hour intervals following 
transfusion, and in a second group of 12 patients counts were done at twenty- 
loiir-liour intervals, so that information might be obtained on either an immedi- 
ate or a delayed rise due to stimulation from the disintegration pi-oduets. The 
are shown in Tables I and II. 

Department of Internal Medicine. State Universlt> of Iowa, College of Medicine, 
Received for publication. July 23. 1940. 
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Table I 

Leucocvte Oocnts at Two-IIour Intervals 


CASE 

INITIAL 

COUNT 


2 HOURS 

4 HOURS 

iy uovns 

8 HOURS 

ACE or 

BLOOD 

DAYS 

WAR.VOSIS 

1 

7,aoo 


7,050 

10,050 

8,200 

7,050 

HBSiB 

Carcinoma of cervix 

MM 

3,700 


1,500 

1,850 


2,000 


Apl.astic anemia 


2,400 


1,950 


2,450 

1,900 


.Ij)l,T.stic anemin 

Bi 

7,300 


S,050 


8,500 

8,100 

MM 

Peptic ulcer 


4,000 


4,300 

^biu!9 


4,550 

6 

Peptic ulcer 

'>• 

5,450 

■S 

4, .950 



4,800 


Peptic ulcer 

f 

5,250 

V. 

5,650 

ullB 

5,050 



Careinomii of colnn 

S' 

S,.300 


8,500 





Incoinplele ahortion 

!' 

d,600 

m 

5,750 

HR |«l 

4,000 


O 

-Ileuceniic leuceniia 

10 

10,()50 

■ 

10,750 


10,800 


o 

ii 

Carcinoma of stomach 

11 

3..3o0 


.3,950 

bB [QI 

3,100 


4 

•Aplastic anemia 

12 

12,950 

■ 

1.3,680 


11,950 


4 

Chronic choIcciTtifis 

Vi 

2,000 

■ 

1,650 

2,100 



2.3 

.Aplastic anemia 

U 

11,300 

■ 

11.500 

10,800 



19 

Ulcerative colitis 

15 

10,050 

■ 

10,650 

10,800 



O 

Carcinoma of stomach 


Table II 


Leucocyte Courts at Twenty-Four-Hour Intervals 


CASE 

INITIAL 
( OUNT 


24 

HOURS 


72 

Houns 

96 

nouns 

120 

HOURS 

AGE OF 
BLOOD 
DAYS 

DLW.NOSIS 

1 

8,500 


9,600 

9,400 

10,100 

11,200 

9,000 

1 

Pernicious anemia 

O 

(i.900 


7,200 

8,200 

6,350 

6,900 

7,500 

C 

Peptic ulcer 


7.200 

5 

7,000 

7,800 

0,850 

7,750 

6,250 

0 

Carcinoma of cervix 

4. 

6.3()tl 

2 

7,050 

.8,100 

7,400 

r,ooo 

7,650 

oo 

Carcinoma of cervix 

5 

1(1.200 

d 

10,550 

9,350 

8,050 

8,400 


D 

Nutritional anemia 

i; 

12. .3,50 


8,900 

9,450 

8.800 

8,200 


16 

Carcinoma of stomneli 

7 

.5,250 


5,,SoO 

4,2,50 

.3,600 

3,700 


25 

Careinoma of col(5n 

8 

3,600 


3,800 

3,400 

3,900 

3,700 


2 

Aleuceniic leucemia 

D 

3,350 


3,750 

.3,300 

2,950 

3,650 


4 

Aplastic anemia 

10 

11.300 


9,650 

10,0.50 

10,350 

10,050 


19 

Ulcerative colitis 

11 

8,450 


9,4.50 

8,660 

7,900 



10 

riypocliromic anemia 

12 

8..';oo 


7.(i00 

7,000 

7,.900 



25 

Tncoinplete ahortion 


Examinatioji of these tables reveals lliat there was no consistent change lu 
the leucocyte count as a result of the transfusion. An elevation in tlie count 
oeciDT'ccl in some ca.se.s, hut this M'as not constant; in other cases a leduction 
in the count was noted. These variations are no greater than can be aeconntu 
for by the unavoidable ei'ror in the method, the diurnal variations, oi 1 a 
rhythinie variations in the circulating leucocytes.’’' The results are in 
with U'hat one u'ould expect from our knowledge of the life of the hneoi. 
and their behavior during storage. The age of the blood made no difteicncc i ^ 
the results nor did the type of ca.se to Avhieh it was given. Jn aplastic 
one could expect no latent rise from the stimulation of disintcgiatiou 
and although such a reaction might occur in cases ivith normal bone mano 

it was not encountered in this group of eases. , , _ 

Transfusions of preserved human blood produce no constant m .si-m i 

changes in the leucocyte count of the recipient. 
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THE BFFKCTS OF DKOUFASKn TKMFHRATl'HK oN TUF At'TlVlTY 
OF INTACT MCSCCF® 


lY, \V, Ti ttli:. . Iowa Citv. Iowa 


S IN’CE miisfular <'o?itr«<*tiou itivoUrs iniiitiMi* vliejnienl juuI ))ljysi*'nl Oiau^cs. 

the influwc wliieli a fall in tvin|M*ratun* has un nnisruUir aetivity may be 
anticipated by .studyinjj the effects whieh temperalun* have on the 

proces.ses involved in mus<'alaf vonlravt'iun. However, a mere slalemont of the 
riualitative offeets wlticli tempt-ratuiv <*bani»es have on mnsoular eontraction i.s 
inadequate for a eoinpU'te explanation ol poor pvrforjnaiuv, and also muscle 
injury, experienced by individuals who arv valicii on to exercise strenuously. 

In order to have a clearer of the eflVels of lowering the tem])oruture 

of a muscle on its activity, tin* cxin*riment herein reported na.s performed. To 
make the e.xperimcntal <lata juirnllel the eoiulitions as they actually exist, the 
ncHvity of the intact gasirocncinius muscle and its antagonist when exposed to 
cold, was studied. In orcler to determine the effeels of lowering tlu* temperature 
»)f the mus'clo on its activity, the form eurve of a normal muscle was compared 
"itli that of the same muscle after it lias been eooh'd for various periods of time. 


The gastrocnemius mnseh* was e;nis»*tl to contract by aiiplying siibmaximal 
hieak induction shocks to it. This was accompli.siied by attaching one pole of 
Ihc I'nduetonum to an electrode ph»ce<l over the nu'dial motor jminl of the muscle, 
'“ind the other pole to an eleetrode placed on tiic Ihigli, over an indifferent area. 
A foot switch was einjiloyed in the primarv eiivuil so that liii* exjicHmenter*s 
hands were free to manijuilate the recording apparatus. 


The Mibjeets were placed in a prone (losilion on a tabli* witli the feet well 
f^H’r the edge. A cord was attached to the toe of the subject's shoo, thence 
oicr a pulley under the table* to a recording stylus .su.spcnded from a rubber 
hand. The laihber band furnished the means by which uniform ton.siou was 
niaintaincd on the muscle tiiroughoui the exiicrimenl. A signal ruagnel, jdaeed 
w the pi'imary circuit, was superposed above the recording stylus. A lOt) double 
' ‘ 'ration electrically driven tuning fork was placed between 1 be rt-cording stylus 
-md^e .signal magnet. The record was made* on an c.s'teiision kymograph wbicb 


•tron^ vhe ircjiartnu'nt of PIij-.-iolosj', ITnUvirflV of T«(v.!i, City. 
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iras operated manually. Obviously, the records were recorded upside dmvn 
since a contraction of the muscle caused an extension of the foot thus Dnlliii-r 
the recording stylus down, ’ ' 

The procedure in securing the data was first, to make control records from 
the muscle and then pack the leg in ice. After five, ten, and twenty minutesof 
cooling, additional records were made. Fifteen to twenty tracing.s were .secured 
•under each condition studied. 

By means of ordinates the respoii.se of the mmscle was divided into its latent 
period, periods of contraction and relaxation. The length of each period was 

determined by counting the number of tuning fork vibrations between tlic 
ordinates. 

THE DATA 

Data ivero collected from 12 individuals. Tlie values given in Table I are 
the means of no less than 15 responses per period for eaeli individual. 


Table I 

A COjrPAKISON OF THE EFFECT OF COOLING ON THE PERIODS OP RESPONSE OF THE ISTACT 

GASTROCNEiriUS AIUSCLE 



LATENT 

TIME 

PER CENT 
INCREASE 

CONTRACTION 

TIME 

PER CENT 
INCREASE 

KELA.VATIQN 

TIME 

PERCrA'T 

IXCRE.ISE 

Normal 

('ocling 5 min. 
Cooling 30 min. 
Cooling 20 min. 

in 

12.5 

25 

37.5 


21 

40 

82 

0.267 + 0.0.S4 
0.432 ± 0.035 
0.574 ± 0.045 
0.720 ± 0.001 

B 


Although the well-known facts relative to (lie effects of cooling muscle 
are demonstrated by the experiment, the phase of activity in which we arc most 
concerned in tliis investigation is the period of relaxation. After five minutes of 
cooling tlie relaxation time is increased 62 per cent, while the period of con- 
traction and the latent time are inci’ea.sed 21 ])cr cent and 12.5 per cent, re- 
spectively. This means that relaxation is affected three times as much as con- 
traction and five times as much as the latency of the muscle. Ten miuute.s of 
cooling increases the period of I’claxation 115 per cent, while the contraction time 
is increased only 46 per cent and the latency 24 per cent. Under this condition, 
relaxation is increased 2.5 times as much as contraction and 4.6 times that of 
the latenc 3 '. After twentA^ minutes of cooling the situation is similar. Keiaxa- 
tion is increased 172 per cent, contimction 82 per cent, and latene.v 37.5 per cent- 
Under this condition, relaxation is increased 2.1 times as much as contraction 
and 4.6 times as much as iateneju In augw of these facts one is justified in 
emphasizing that cooling a. muscle not onl.v affects the relaxation more than an> 
other period of its activity, but also slows this .period from two to throe times as 
much as the contraction. 

The effect of cooling on muscular relaxation is cspeciall.v important to 
athletes who participate in .sports, such as sprinting, during which the muscles 
peiTorm e.xplosive movements. As far as the latent and contraction periods arc 
concerned, the ivarming-up of a musele may be adequate, hut from the point 
of view of relaxation at that stage it is totally unprepared for explosive action. 
Such a condition makes for poor performance, since a succeeding contraction 
cannot occur until the muscle relaxes from the preceding contraction. 
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A complete ivarm-up also is important from the standpoint of muscle injury, 
since when the drivins muscles contract, tlicir antagonists must relax in a 
synergistic fashion. Injury to an impropei'ly ivarmcd-up antagonist is not un- 
common. Such injuries ean only be prevented by sufficient preliminary exercises 
to reduce the relaxation time of an antagonist commensurate with the reduction 
in contraction time. 

It i.s also Avortby of note that muscle injury may occur if a properl.t' 
ivarmed-up muscle is exposed to a cold environment. Such occm'renccs as.these 
can be prevented only by protection fi'om cold. In fact, many sprinters, run- 
ning from a protected environment into a cold draft or breeze, have been ob- 
served to have experienced mu.setc injury. 

SUMMARY AND CONCI.U.SIONS 

An investigation of the effect of cooling intact muscle shows that the lower- 
ing of the temperature increases the relaxation time two to three times as 
nnicli as the contraction time of the muscle. Inadequate relaxation due to an 
improper warm-up is suffieicut to explain imor pcrfoi'mance in explosive bouts 
of e.'ccrcisc such as sprinting. Also, injury to muscles antagonistic to driving 
mnsclcs is explained on the basis of a prolonged relaxation time, due to either 
an inadequate warm-up, a cold environment, or a s\iddcn change in the en- 
vironment. 


A STUDY OF THE THERAPEUTIC EFFECT OF SUEPAPYRIDINE IN 
PNEUHOCOCCUS INFECTED MICE IN ATMOSPHERES OF VARYING 
OXYGEN TENSION* 


Alvan L. Baracu, M.l)., and Norman Moi.omut, Ph.D. 
New York, N. Y. 


I NTROnUCTION 


INVESTIGATIONS on the mechanism of the action of siilfanilamido and its 
* derivatives in vitro have led to the thcoi'y that an oxidation product of the 
drug is responsible for the bacterioslasis noted (Ma.vcr;' Ottenberg and Poxy 
Fox, Cline, and Ottenberg®). A.s a corollary to this theory the bacteriostatic 
action of the drug should be lessened under anaerobic conditions of culture. 
Swift, Laneefield, and GoodncC found that with 6 strains of hemolytic strep- 
tococci, if removal of oxygen and reduction arc complete before inoculation of 
the media with the organisms, bacterioslasis by sulfanilamide is prevented. 
Siiimi, Jboin, and Jtellon® demonstrated that reduction of the oxygen in super- 
ambient air of broth cultures of type I pneumococcus reduced or prevented 
Imetcriostasis by sulfanilamide. This inhibition of bacteriostasis was also noted 
under complete anaerobic conditions. When, bow'cver, the superambient air 
cuntain cd O.OI per cent oxygen, this inhibition effect w-as absent. Po.x,' studying 
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this same phenomenon, concludes that complete initial clopi-ivation of oxv>.on 
interferes with baeteriostasis and increased oxygen availability inamiifics biic- 
teriostasis. Unpublished studies by Pox^ on the effect of oxygen doinlvation on 
the action of sulfapyridine on pneumocoeei demonstrate that the action o{ tlm 
drug is lessened under anaerobiosis. Tliis is in disagreement witli bong,* who 
could not demonstrate this effect. Long’s report shows that in both aerobic iuid 
anaerobic cultures he obtained sterility. Using streptococcus as the tost organ- 
ism, Long finds a lessened bacteriostatic action of the drug under anaerobic 
conditions. 

On the basis of this work it was felt that perhaps a reduction oC the oxygen 
saturation in the blood of mice umuld similarly interfere with the action of 
sulfapyridine on pneiimoeoccus septicemia. Conversely, an increase in oxygen 
saturation should enhance the baeteriostasis. 


Experiment 1 
lofeeting dose: 100 M.L.B. 


O.VI'GEN ! 
PER 1 
CE.VT 1 

NO. 1 

or 1 
jrrcE 

j TREATMENT 

1 


DEATH IN 

DAYS 


i 

^ 0 . 

vwv 


: 2 

^ I 

I ‘i 1 

[ 3 1 

1 C 1 

1 r 1 

s 1 

1 ! 


,0 

Infected (control) 

1 .0 1 

1 

0 1 


il 

1 ® 1 

[ 0 1 

0 1 


0 


1 15 

[Infected and drug 

1 3 1 

0 

1 1 



I 4 1 

1 3 1 

2 1 


u 

s 

1 15 

'Infected and drug 

3 1 

2 

1 1 


H 

1 2 i 

1 2 1 

1 1 


1.3 

60 1 

1 13 

[infected and drug 

i 1 1 

! 1 

1 1 


0 


D 

3 1 

H 

12 


Experi.ment 2 


Infecting dose: 1,000 M.L.D. 


OXYT.EN 
TER 1 

KO, , 
OF 

TREATMENT 



death in 

DAYS 



1 ^' 0 , 

1 NO. 

1 Hvn- 


MICE , 



m 

1 

0 ! 

1 -1 

[ 5 

c 

1 7 

1 s 1 

LiL 


VIVEP 


n 

Infected (coutrot) 

ir 1 

0 

0 

1 ^ 

1 0 1 

0 1 

1 0 

0 j 

■a 

17 1 

n 

1 0 

! 0 

1 n 



Infected and drug 

0 1 

1 i 

0 

a 

• 4 1 

4 1 

1 2 

1 2 

J 

! 17 
' t' 1 
17 , 

IM 


Infected and drug 
[infected and drug 

H 

1 1 
1 1 

0 

9 

1 1 

0 

fj 

: 3 1 

' 5 1 

•> I 
1 1 

1 ” 

' 1 1 



JIETHODS 

For these experiments we used a mucoid type I imeiimoeoccus uliicli \ui-s 
passed through rabbits once a month and kept in rabbit’s blood undei 1 . 1 x 01100 
seal. For infection a subculture was made using 0.5 c.c. of this stock ciiltnic. 
The infecting volume was 0.3 e.e. of the given dilution (in broth) of a fixc-liou 
subculture, injected intraperitoneally. .. 

The drug sulfapyridine was suspended in 10 jier cent gum acacia .iiul f 
twice daily, giving 30 mg. of the drug per day for six days and lo lUp. ai.^ 
for the seventh and eighth days. The given atmospheres were contmne ' 
twenty-four hours after the last drug dose, and the experiment uas 
complete twenty-four hours after discontinuation of the gases. In 
cultures from heart blood were taken at aiitop.sy and the organisms vcic^^^^^^ 
covered. In each of the experiments a group of normal mice vas pu m ’• 
the low oxygen group to control deaths due possibly to the loiv oxigcit. 
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To conti'ol the fjietor of the effect of varying the oxygen atmosphere on 
piieiimococcns soptiremin, three groups of 15 mire eacli were infected witli 
Iflfl Jl.ij.ll. of the culture and snhjcetcd to 8 per cent oxygen, 60 per cent 
oxygen, and room air (20.8 iier cent), respectively. In nil groups the mice died 
lielwcen fourteen and twenty-four hours. The distribution of deaths was ap- 
jivoximatcly the same in all three groups. 

Varying the oxygen eoneoutration of the atmosphere did not appear to 
.affect the mortality rate. 

Five additional similar experiments were run in wliicli a total of 225 mice 
were exposed to low and high oxygen percentages, and the conditions in Ex- 
periments 1 and 2 duplicated. Since the results in these experiments were eon- 
fumatory of the foregoing data, a detailed inx'scntation is not given. 


CO.NCl.l'SIOXS 


In cultures of pneumococci anaerobic conditions have been reported to pre- 
vent the haeteriostatie action of sulfapyridinc. 

I’licumococcus-infccted mice were treated with sulfapyridinc in atmos- 
pliwe.s of low oxygen tension (8 per cent), air and higli oxygen tension (60 
percent) without significant effect on the mortality rate. Varying the oxygen 
tension of the atmosphere docs not appear to modify the efCcotiveness of sulfa- 
pyridine in jmcumococeus septicemia. 

It is aclinow'lodged that those results do not ajiply to pneumonia in which 
the oxygen tension of the capillai'y blood may fall to far lower levels. 
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It seems obvious, tliercfoi-e, that in gold wc have a liiglily reactive element, 
and that tliis reactivity may in part lie i-csponsible for the consiclernlile toxicity 
of its salts. The thiomalato with which my associates and I hare had consider- 
able experience is an organic salt of gold which docs not seem to be quite so 
reactive as the thiosulfate, and wdiieh in consequence can bo, and is, used in 
considerably larger doses. However, even the thiomalate must be admini.stered 
with considerable caution. 

In view of this toxicity it seemed desirable to explore the possibility of 
introducing gold in a form which was less reactive ehemieaily and which, in 
consequence, might permit a more sustained, effective, and Ies.s toxic form of 
therapy. Colloidal gold appeared to offer definite possibilities. 

IVithin recent times reports on the use of dilute solutions of colloidal gold 
in the treatment of malignaney have been published, and althougli the re- 
sults obtained have in no way lieeii conclnsive, there are indications that even 
in the dilute solutions employed colloidal gold exerts a definite analgesic action. 

Although metallic gold itself is a very stable metal, being unaffected by 
air and water and many ordinary laboratory reagents and solvents, it is not 
alisolntely iiLSoluble. MTioii exliibitcd as a colloid, this element consists of 
innumerable particles of metallic gold. It seemed, therefore, particularly in 
this extremely subdivided form, that when injected in the body it would act 
in a manner similar to tliat ascribed to colloidal silver. 

It will be rcmemliered tliat when colloidal silver was made available com- 
mevcially, new therapeutic fields were created for this element, which, in the 
form of its soluble salts, was far too reactive and toxic for use in more than 
very dilute solutions, except where a definitely caustic action was desired. 

ffeio and Nonofficial Remedies, referring to colloidal silver preparations, 
points out that the silver in tiiese colloidal suspensions does not exist to any 
great extent in the free ionic state, and, therefore, does not precipitate clilo- 
ride.s and proteins. As a result it is noncorrosive and iionirrifant, yet retains 
a definite degree of antiseptic action. This silver action is not proportionate 
to the total silver content of tlie colloidal silver preparation and varies with 
the different colloidal silver compounds. The antiseptic action of these colloids 
IS undoulitedly due to tlic liberation of continuous, very low concentrations of 
silver ions. 


Weiscr" states that the more finely subdivided the silver, the stronger it.s 
bacterieidal action. By analogy, therefore, colloidal gold, because it is almost 
devoid of gold ions and consequently reduced of its chemical reactivity, should 
sot react immediately ivith the albumen, proteins, and salts which are found 
m the body, thereby permitting intramuscular administration without any 
immediate local irritation or general reaction. 

Jly experience indicates this to be true. Furthermore, the billions of tiny 
particles of metallic gold should conceivably act as depots for the formation of 
Rold ions, to which part of the action of gold salts may be ascribed, resulting 
111 a more sustained action of the colloid but of a somewhat lower intensity 
limn that obtained with gold salts. 


There is another factor which might, theoretically, impart to a colloid of 
Raid a heneficial action prohaiily not associated with gold salts. It i.s well 
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Jfetals Administered 

Total No. 

Patients Au Pt Bi Sc 

Treated 

00 3 () 4 4 0 

Results of Colloidal Gold Therapy in Rheumatoid Arthritis 

Total No. 

Cases Unimproved SUglit Moderate Marked Uncertain 

Treated 

36 9 4 2 19 2 

Fifty patients ■were injected with the ahovc-mentioned colloids. Of these, 
36* received gold, 4 platinum, 4 hismnth, and 6 selenium. Practically all these 
patients had received some previous form of therapy with unsatisfactory re- 
sults. Two had been treated with gold salts in the form of gold sodium thiomalate 
intramuscularly, and two had had gold sodium thiosulfate with equally disap- 
pointing results. Among the series treated with tlic gold colloid were included two 
cases of generalized librositis that for years had failed to respond to any other 
form of therapy. The duration of the di.sease varied from three montlis to 
fifteen years. As to the severity or the grade of involvement of the rheumatic 
proce.ss, it might be said that the patients conformed to the average run of 
chronic cases currently soon in a large metropolitan clinic. The pathology varied 
from marUed deformities as found in patients bedridden for a number of years, 
to those milder forms merely sliowing periarticular soft tissue changes. The 
usual laboratory procedures essential to the use of gold salts, i.e., sedimenta- 
tion rate, complete blood studies, and urinalysis, were carried out before, dur- 
ing, and after initiation of therapy. Of 36 patients treated with gold colloid, 
19, or 52.7 per cent, showed a definite improvement, while 9, or 25 per cent, 
failed to show any degree of amelioration. The two patients suffering from 
fiiirositis demonstrated a quick and gratifying response. 

Statistics in over 1,600 persons treated with gold salts show that there is an 
average marked improvement of about 54 per cent and a total lack of improve- 
aient in approximately 13 per cent. Considering the relatively small number 
af cases presented in this preliminary report, the difficulty of drawing valid 
conclusions as to comparative therapeutic value of gold salts and the colloid 
of gold is apparent, and any inferences derived from this study must have, 
therefore, only a relative value. 


DISCUSSION 


Of the metallic colloids employed, gold, because of its apparent therapeutic 
superiority over the other afore-mentioned metals, received predominant at- 
lention. 


In drawing a differential compari.son between gold salts and the colloid of 
sold, the following tliree criteria appear of outstanding importance; (1) thera- 
peutic efficiency, (2) toxicity, (3) biological action. Wliat the results are with 
of gold salts is common knowledge and repetition appears unnece.s.sar.r. 


these patients were treated in the arthritis clinics of the BrookWn and Post 
‘iate Hospitals, Doctors G. E. Anderson and Edward Hartung, lespectlvely, in charge. 
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(1) Therapeutic Efficiency of Colloidal Gold.~ln keeping mth a definife 
subjective improvement in tlie majority of persons treated, tliere ivas a tcndencr 
toward regression of those signs which together comprise the rlieumatoid picture. 
As in the case of gold salts, tJiis regression consisted of reduced pain and peii- 
articular swelling as well as of increased function of the parts involved. It was 
my impression, hov'ever, that the therapeutic response was lacking the quick, 
dramatic character often observed witli gold salts. 

(2) Toxicity . — In contrast to the highly toxic nature of gold salts, as occa- 
sioned by their ready solubility and intimate chemical action on the body tis.sucs, 
thereby detracting from their value as routine therapeutic agents, the colloid, 
in the individual and total doses alread.v mentioned, gave little evidence of such 
toxicity. This almost complete lack of toxicity is in conformity with the physico- 
chemical structure of all colloids, which, as has already been mentioned, arc, 
chemically, relatively inert substances and therefore exert little, if any, destruc- 
tive action on the body tissues. With the colloid, for instance, there were none 
of those toxic, and sometimes alarming, clinical manifestations so frequently 
obtained with gold salts. In the entire series treated, one patient developed an 
enlargement of the axillary lymph glands. This patient, upon investigation, had 
been previously treated with gold salts. This glandular reaction has been found 
to be not an uncommon sequel to the use of the salt as -well. 

(3) Biological Action . — Biological action as determined by the sedimenta- 
tion rate, complete blood studies, and urinalysis are as follows: As with gold 
salts, there was a parallelism between the drop in sedimentation rate and clinical 
improvement. This drop, how'ever, in keeping ndth the slower therapeutic re- 
sponse, was definitely delayed. 

At no time did anj^ marked or abnormal changes occur in the urinary 
picture. If one realizes that a good part of any hea^y metal, sxich as gold or 
mercury, is eliminated through the kidneys, one is again struck with the basically 
inert nature of the metallic colloids. 

The essentially different nature of gold salts as compared with colloidal gold 
has been further emphasized by bacteriostatic tests with the sera of patients 
treated with both these substances. For instance, the sera of patients treated 
with gold salts showed a very active bacterio.static poxver even after a.s fc*' 
as three injections. In contra.st. the colloid-treated serum utterly failed to 
retard the growth of organisms. These experiinents conducted independent^ 
by Hartung and Sabin were in complete accord on the results obtained. T ns, 
in my opinion, is not necessarily proof of the inelficacy of the colloid. The ^e^J 
nature of its action, i.e., slow'cr ionization, greatly diminished chemical ic.ic 
tivity, etc., would eliminate any attributes of gi’cat bactenostatic powci, c.spc 
cially after nierely three oi’ four injections. 


MECHANISM OF COLLOID THF.RAPY IN KHEUJIATOID AKTHRITI-S 

Studies of the reticulo-endothelial system in the deposition of colloidal aiit^ 
particulate matter in articular caAdties furnish ns with some very inteies m^ 
data. Kuhns and Weatherford^® describe experiments dealing with t le 
tion of triTian bine in the reticulo-endothelial system in and about the join s 
Bie ^Ib nl rats. These authors concluded that the colloidal and partwu a 
wd in their experiments is carried by the blood stream from vartmn 
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parts of the hody and stored in the iiistiocytcs of the synovial memhraiie. Some 
amounts are also stored in the hone marrow, interniiiscnlav septi and articular 
fat pads. Inilamiiiation of the articular tissues tends to increase the amount 
of particulate matter deposited. The inferences which follow these experi- 
ments arc that .stimulation of the retienlo-cndothelial system might be effected 
by the deposition of colloidal matter and that this .stimulation should prove a 
definite advance in the treatment of articular diseases. 

It is my heliet that by the use of colloidal gold we are eniploying a substance 
wliich, as in the ease of tiypan blue, is deposited in various parts of tlie hody, 
particiihirly tile reticulo-endothclial system. The deposition of finely divided 
particles of gold in the histiocytes of the synovial membrane should re.sult in the 
lemoval of products of inflammation, increase the defense mechanism in the 
.siTiovial meminane, and likewise produce a stimulation of the general reticiilo- 
eiidolhclial system." 

CONCLUSIO.N 

The eoneliLsinns derived from a review of the results obtained witli gold 
.salts and with the colloid of gold are as follows: Gold salts are more active 
tlicrapeutically and likcwi.se arc more toxic. In view of the knowi clinical and 
biological action manifested by gold salts in the more severe forms of rheumatoid 
arthritis, they are prohahly superior to the colloid. On the other hand, the en- 
couraging and apparently superior results obtained with the colloid, as compared 
with some of the older agents, especially in the less severe forms of rheumatoid 
arthritis and in fibrositis, are in support of the opinion that a therapeutic niche 
lying somewhere between the salt and some of these older and less speetaeular 
agents should be conceded the colloid. 

These results, of course, are not incontrovertible, but in view of the en- 
couraging results obtained thus far by this study, and in view of the scarcity 
of actually desirable tlierapeutic agents in rheumatoid arthritis and other forms 
of infectious arthritis, colloid gold therapy should he given the opportunity of 
Continued unbiased inve.stigation. It might also appear that this form of 
therapy might be e.specially desirable in the treatment of generalized fibrositis 
with an infectious baeiiground, in the artbritidcs of known infectious origin, 
Or in the incipient forms of rheumatoid arthritis. 

SUMMARY 

1. In view of the toxicity of gold salts in the treatment of rheumatoid ar- 
Ihiitis which rendeiB tliis type of therapy a definitely hazardoas one, the thera- 
peutic possibilities of some of the less soluble forms of gold were investigated. 
Hold in colloid form was chosen because of certain definite chemical consid- 
erations. 

2. With the purpose in view of determining whether the beneficial attributes 
of gold Were (something) inherent in the gold radical alone or whether these 
attributes were also demonstrable in the radicals of other heai’y metals, platinum 
and bismuth were also employed. 

3. Selenium, though not a heavy metal, because of its vaunted analgesic 
action in malignancies, was likewise used. 
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4. Platinum, bismuth, and selenium gave insufficient promise of thciapeulic, 
usefulness early in tin's clinical study and ivere, therefore, discarded. 

5. Thirty-six patients in all Avere treated with Ihe gold colloid over a ixuiod 
of two years. The colloid was given intramuscularly in individual and total 
doses equal to those I employed in a pre\dous study with gold salts. 

6. As a result of the present findings it is my opinion that in the gold colloid 
wo are dealing with a more or less cliemieally inert foim of gold, wliich, in eon- 
ti'ast to gold salts, is only slightly soluble when injected in the body, and hence 
far lc.ss toxic. 

7. The therapeutic results obtained with gold- colloid may be partially c.k- 
plained on the basis of distribution of innumerable metallic iiarticles through- 
out the reticulo-endothelial system, particularly in the deposition of these par- 
ticles in the histiocytes of the synovial membrane, ivith the gradual liberation 
of gold ions and their consequent action on the body tissues. 

S. No dramatic therapeutic qualities are espoused for colloidal gold in rheu- 
matoid arthritis. In view of the beneficial response obtained in the present 
series, and because of the marked decrease in toxicity, it appears, however, that 
gold in colloid form is an agent worthy of further study and consideration for 
treatment of rheumatoid arthritis and generalized fibrositis with a toxic or in- 
fectious background. 

I am indebted to E. A. H. King: of the Crookes Laboratories, Inc., for his technical advice 
in preparing this paper. 
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THE KBLATION OF THE NASOPHARYNX TO ULCERATIYB COLITIS* 


Preijmjnary Report 


Samuee Weiss, M.D., P.A.C.P., ALEX,iKcER SluVNOer, M.I)., aku 
Saxford Goodfbiend, M.D., New York, N. Y. 


A VOLUJIINOUS litcTaliire has developed in the field of nlcerative colitis 
os to etiologj' and treatment. It is with full knowledge o£ these facts that 
we add one preliminary report of treatment of this condition. 

Nonspecific ulcerative colitis is a chrome disease of unknown etiology, 
characterized hy e.vacerhation.s and remissions, with symptomatology of bloody 
diarrhea and loss of weight, with proctoscopic findings of an edematous, granu- 
lar, easily bleeding mucosa with ulcerations, cither punctate or serpiginous; with 
blood findings of a .secondary anemia, x-ray findings of the colon showing loss 
of haustrations and narrowing of the lumen. In these cases baeteriologic studies 
do not reveal any amoeba histolytica. It. dy.srtitcriae, or diplostrcptococci. 

Our studies began four years ago when it became apparent to one of us 
(S.IY.) a.s well as to others, notably Kunstler, Bargen, and Barrow, that ex- 
acerbations in ulcerative colitis wore preceded veiy frequently b,v upper re- 
spiratory infections. AYe then began to study cultures taken from the nose, 
throat, and rocto.sigmoid mueo.sn of ulcerative colitis cases, and collected a 
series of 15 cases between 1934 and 1938. 

The ages of these patients varied from 13 to 45 years, with typical his- 
tories of from five weeks’ to eleven year's' duration. Jlost of these patients bad 
been under medical care before coming under our observation. The sympto- 
matology included abdominal cramps, bloody diarrhea, loss of weight, weakness, 
and anemia. The proctoscopic findings showed granular mucosa, freely bleeding 
and ulcerated. Baeteriologic studies of the nose and throat revealed staphylo- 
coccus albtis, 6 cases; hemolytic streptoeoccus, 4 eases; streptococci (nonhemo- 
lytic), 2 cases; Streptococci viri(I(nis, 1 ease; Sfaphi/lococci heinolyticuSj 1 
ease; Micrococciis cdtarrlmlis, 1 case. Baeteriologic ciiltiires taken directly from 
the mucosa of the rectosigmoid revealed B. coH, 9 cases; Staphylococcus alhus, 
^ cases; streptococci (nonhemolytic), 3 cases; B. coli hcmolyticus, 2 cases; 
Streptococci hcmolyticus, 1 case. 

All patients except one were treated with a combined vaccine; this patient 
was given only a vaccine prepared from smears taken from the rectosigmoid. 
Vaccine from the nose and throat was added in this latter case, and after three 
Ejections of the combined Viiecinc, the bowel movements became formed and 
blood disappeared from the stools. These 15 patients have been well for a 
period ranging from nineteen months to four years. 

uif .,1 TJepartment of Gastroenleroloey. New York Polyclinic Medical School and Hos- 

H'tai. Service of Dr Samuel Weiss 

Presented before the monthly Gastroenterological Conference. May, 1939. 

Received for publication, August 14. 1940. 
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■\'aceines wore prepared only from those organisms wliieli were present 
simnltaneonsly in the nose, tlu-oat, and rectosigmoid cultures. Tlicse vnceincs 
were standardized to contain 1,000,000,000 organisms per cubic centhneter. 
Three dilutions were used, nameh-, 1 :1, 1 :10, and 1 :100. AVc injected these 
vaccines three times a week in increasing doses from 0.1 c.c. to 1 c.e. for :i 
total of 15 or more injections. Each week the three dilutions were used: 
the 1:100 the first day, the 1:10 the next injection, and the 1:1 dilution the 
last injection of that week. Each injection was increased by 0.1 c.c. each wee):. 

The following is a case reported in detail because of the marked severity 
of the sjmiptoms which improved after the combined vaccine therapy was 
instituted : 


A young boy, 13 years of age, wa.s admitted to the Polyclinic Hospital January .’!, IP:’.'!, 
for the first time. For five weeks prior to his admi.s.sion he had been having daily eight 
to ten loose stools, containing large amounts of bright red blood, severe generalized ahdominal 
cramps, progressive loss of weight, and increased pallor. He also gave a history of staphy- 
lococcus infection of the eye five months prex'ious wliich was treated successfully witii a 
stock vaccine. 


Phy.sical e.vamination revealed a pale, undernourished thin hoy, weighing 10S.5 pound.”. 
Examination of the heart and lungs was negative. His nasopharynx showed no ahnormality. 
Ilis abdomen was markedly tender, especially in the left lower quadrant. There was no 
rigidity, and no masses were palpable. 

Proctosigmoidoscopy performed on January 4, 1938, gave the following findings: The 
entire rectosigmoid mueo.sa showed marked redness with some false membrane formation. 
In places it was granular and there were numerous ulcerated areas, varying in size from a 
pin point to 1 cm. in diameter. 

Cultures taken directly from the ulcerations showed flie presence of many colonies of 
B. coli aitH Staphylococcus alhus, hut no streptococci. Cultures taken from the na.sophniynx 
showed the presence of colonies of Streptococcus viridans and Staphylococcus albus. A 
vaccine was made of the Staphylococcus albus, this being the only organism present both ui 
rectosigmoid and throat cultures. 

Upon admission to the hospital the patient was given vaccine as well as other sup- 
portive tlierapy, sueli as liver extract injection.', medicated enemas, and one tran.sfusion. 
During tlic five weeks tlie patient remained at the Jiospital he failed to improve, the num >er 
of his bloody stools increased, and he had a further loss of weight, his lowest weight hcin„ 
84 pounds. Following hi.s dismissal he returned home where the vaccine therapy "as con 
tinned. He also received several small transfusions at home. He began to improie ahou 
Alarch 1, 193S, after having received 20 vaccine injections. Twelve more injections were 
given after tiiis time. IVlien seen on April 20, 1938, his weight was 104 pounds (a g-un 
of 20 pounds in two months), and Iiis general condition was very good. Bowel evacuation, 
were normal. 


Physical examination at this time was negative. The patient had no abdomin.il p.iin or 
discomfort: His hemoglobin was 68 per cent. 

Proctosigmoidoscopy showed normal mucosa throughout. Cultures from the rcc ^ 
sigmoid mucosa showed the presence of If. coli, but no growth of Staphylococcus a 
Xosc and throat cultures showed many colonies of Streptococcus vxrulan.s and a snia 
of Staphylococcus albus. ^ 

On September 8 , 1938, his weight was 120 pounds; his hemoglobin na.' <8 per 
bis condition was excellent, and his bowel movements were normal. 

The patient presented himself again on December 3, 1939. His Iic.dth 
His weight was 137.5 pounds and his hemoglobin was Sfi per cent. He cl.umei 
time he had one normally formed bowel movement daily.* 


•.Since presenting thi.« paper the patient wa.s .'eon .several time.' thereafter. 
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COMJIEXT 

What relation these A’arioiis orRaiiisnis from the nose, throat, and recto- 
ifigmoid, os iatlieated in oiir studios, hear to llic etiolo"y of non.tpccifie ulcerative 
colitis Ave are not prepared to state. Whether by giving these various vaeeine.s 
ive are preventing upper respirntorj- infection-s, and in that way preventing 
exacerbations, wc do not know. However, this seems to be the possible explana- 
tion of the rationale of our treatment. Nevertheless, rve Avill continue to use 
this form of treatment, and hope that others will utilize it until such time as 
the specific etiology of nonspecific uleerative colitis will be definitely e.stablished. 
Wc arc of the opinion, as Paulson believes, that in those particular eases of 
ulcerative colitis, where amoeba, Ti. (hixtntcrinc, and diplo.streptoeocci of Bargen 
are fowid, the resulting uleerative eoliths- is- secondary to these organisms. 

co.xci.rsiox.s 

Wc have discussed a series of cases of nonspeeific ulcerative colitis pre- 
senting in detail one ca.se. The.se eases w-ere .sueee.ssfully treated w'itli vaccines 
prepared from cultures from the no.se, throat, and rectosigmoid containing onl.v 
those organisms that were found simultaneously in tlie na.sopharynx and recto- 
sigmoid, Wo have had no roeurrenee in following tlicso cases from a period of 
nineteen months to four years, 
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rcacii its maximum value dejiciulcd upon the amount of glucose in the sample. 
In the usual motliod the solutions are cooled before adding the color reagent. 
Under these conditions, e.xccpt rdth veiy small amounts of glucose, the color 
\ras still deepening rapidly ten minutes after adding the color reagent. 3Iaxi- 
mnm color was generally reached, and readings conld best be taken after fifteen 
In twonty.five minnte.s; after thirty minutes the color faded slowly. 

In the presence of O.Oo per cent iodoaeetatc the color was found to develop 
more .slowly; it never readied the correct valtie. However, if, instead of cool- 
ing the reaction mixture after the si.K-minutc heating, the color reagent was 
added to the hot solution, the color developed rapidly. Under these conditions 
readings taken twenty minutes after adding the color reagent and diluting, 
gave correct %-alues when compared with two .standard .solutions containing 
iodoacetate and run in tlie same manner. 

Lactic acid na.s determined an the (richloracetic acid filtrate.s, after removal 
of sugar with copper sulfate-copper hydroxide, Iiy the method of Barker and 
Snmmeixon.* The presence of iodoacetate in the solnfion.s to he analyzed had no 
effect on tlie results. 

/'i/niric add was determined on (richloraeclie acid fillrate.s hy the method of 

as modified hy Buoding and Wortis,’ the directions of the latter authors 
iieiiig followed c.xactly. Tungstic acid itself did not interfere with the deter- 
mination of pure pyruvati' .solutions. But tungstic acid filtrates from Mood 
could not be used for the pyruvate defenninafions. since low values were alwa.vs 
obtained and, when known amounts of pyruvate were added to blood before 
dcprotciniziug with tungstic acid, the recovery was low. Evidenfl.v the protein 
precipitated with tungstic acid carries down some pyruvate. Complete re- 
covery was obtained after trichloracetic nciii precipitation. The triehloracetie 
filtrates could he kept for several da.vs before analysis without appreciable 
ciwnge. Oxalate and iodoacetate did not interfere with the determination. 
While the method is more siiecifie than the Clift and Cook' detennination of 
hisidfitc-hinding suhstanees and gives much lower values with blood,' it is not 
completely .speeifie. It has been assumed in this paper that p.vruvate itself 
is largely responsible for the values obtained, but it must be remembered that 
tt-kctoglularatc and o.xaloaectatc. and possibly other substances, are ineUidcd 
in the values. 

RE-SILTS 

Tlie results of all experiments are presented diagrammatically in Pigs. 1 to 
n. The ordinates for lactic acid and pyruvic acid are respectively twice and 
twenty times the size of those for glucose. 

The legends for the figures describe the material for the various e.xperi- 
ment.s. All persons were initially fasting, except those represented in Figs. 
10 and 17. As far as possible person.s were initiall.v resting, but the condition 
nf the patients did not always allow this condition to be well controlled. 

Lactate. — No consistent changes in the amount of lactate in the blood dur- 
ing insulin stupor were obsen-ed, but some fluctuations occurred which could 
Probably be attributed to variations in muscular activity of the patients. In 
three of four cases of resting normal persons receiving small doses of insulin 
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(.see Figs. 5, 7, 8), slight rises in blood lactate oceiured, possibly a-s a result 
of extra visceral muscular activity due to the hypoglycemia. Rises of Wood 
lactate in experimental animals treated with insulin have been observed and 
attrilnited to increased muscular activity by earlier workers.® 

Metrazol and electric shock convulsions caused extremely large rises in 
blood lactate, obviously as a result of the intense muscular contractions. The 
rapidity of the rise after electric shock coinudsions is noteworthy. Possibly 
the same occurs during metrazol convulsions, but blood could not be drawn as 
immediately after metrazol as after electric .shock. When the muscular activity 
was moderated bj' previous administration of curare, the rise in blood lactate 
was less maiked. 


Pijrxivatc. — Von Euler and Hogberg’^ have stated that an hour after ad- 
ministration of 10 units of insulin to normal persons, decreases of blood pyru- 
vate of Tb to 100 ]ier cent were found. Though we used a similar method for 
pyruvate determination, we never found any appreciable decrease in blood 
j)yruvate as a result of admiui.stration of small or large doses of insulin. • 
Fluctuations in blood pyruvate followed closely the direction of the fluctna- 
tions in blood lactate, and it seems clear that, the amounts of these two sub- 
.stances are related to each other and are affected similarly by museulav activity 
and not specifically by insulin or the other agents. The fluctuations in pyruvate, 
liowever, wei’e alw’ays much less rvide than those of lactate. Johnson and 
Edwards’® found increases of lactate and pyruvate in blood and urine with 
young men after severe exercise and suggested that the pyruvate was produced, 
in association with lactate, by the active muscles; this suggestion was shown to 
be true by BoIIman and FIoek“ in experiments with exercising rat muscle. 


It is reasonable to believe tliat, with large doses of insulin, consciov\sne.ss 
is lost and other brain functions are affected as a result of a lack of oxidizabk 
.substrate (glucose) for the o.xidations necessary to maintain brain activity. 
However, no correlation was observed between the state of consciousness and 
the level of blood pyruvate or lactate during insulin or the other treatments. 
Wortis and Goldfarb”’' observed that injections of lactate into patients in in- 
sulin coma had little effect on tlie oxygen consumption of the brain and i 
not arouse the patient. Mann and Magath’’ were unable to relieve the con- 
vulsions of hepaleetomized animals with sodium lactate. With hepatectomize 
abdominal eviscerated rabbits, Maddock and co-workers’® found that the cortica 
electrical potentials could lie restored by intravenous injections of glucose )U 
not of a numlier of otlier substances including pyruvate. With patients m 
insulin hypoglycemia Himwicb and associates’® found no significant ahsorp mn 
of lactic acid from the blood circulating through the brain, and 'SSoitis aw 
fi’oldfarb®® found no sign of metabolism of injected lactate or pyruvate 
brain. It tlius seems that lactate and piTuvate in the blood are not aval aic 
for oxidations in the brain, althougli the brain is well known to oxicizc wsc 


substances in vitro. 

Injections of large doses of vitamin B, into patients in insulin 
produced no definite effect on blood pyruvate or glucose®’ within the pciioc 

•Demole’* found that the previou.s adminl.'sti’atSon of the vitamin to rabbit.' 

Ished t!»c liypoglyceniia caused by insulin. 
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the experiment. Platt and Lir found a lag- period of several liour.s before tlie 
high blood jiyruvate of vitamin Bj^-deficient patients -was affected ])v curative 
small doses (5 mg.) of the vitamin. The observation of Eivers' on the effect 
of vitamin Bj on insulin convulsions remains unexplained by the present work. 
A possible explanation is that during insulin hypoglycemia slight available 
amounts of glucose continue to be metabolized by the brain, producing within 
the cells suboptimal amounts of intermediary metabolites, the oxidation of 
which can be sufficientlj' stimulated by excess vitamin to produce more 
normal conditions. 

METRAZOL METRAZOL CURARE EFFECTIVE ELECTRIC SHOCK 




SHOCK ,7 

FlC 9 FIG 10 FIG II FIG. 12 FIG 13 FtG M FIG. IS f'G- 

Mctrazol convnJsions with (Figs, 11 and 12) and withont (Figs. 9 and 10) pnrtial CHjnn-n(»oii- 

Glucose • •, Lactate x x. Pyruvate o — .-o. 

Fig:. 9. — G. L., female, aged 53 years, involutional melancholia. 

Fig. 10. — R., female, aged 40 years, involutional melancholia. 

Fig. 11. — V. H., male, aged 50 years, involutional melancholia. 

Fig. 12. — R. H., male, aged 54 years, involutional melancholia. 

Eicetrio sJiocJc. 

Glucose • •, Lactate x x, Pyruvate o_....-o. 

Fig. 13. — F. IL, female, 4 8 years old, involutional melancholia. 

Fig. 14, — 2. S., female, G4 years old, manic-depressive depressed. 

Fig. 15. — R. M., female, 52 years old, involutional melancholia. 

Brief exercise to ca:7ia».'?/ion on normal subjects. 

Glucose • o. Lactate x x. Pyruvate o_. — o. 

Fipr. JC.— B. P., female, 20 veari; old. About two hours after lunch. 

Fis. 17. — F. K., female, 34 j’eurs old. About two liours after lunch. 

Bueilinif and \V()rti.s-* found that flic pyruvic acid content of iiorni.il hInoJ f jesting 
ransc 0.77 to I.IG mg. per 100 c.c., averaging 0.9S. It will he noticed tli.it our 
ligurc.= are mo.'tly appreciably higher, 0.9 to 2.2, averaging l.-l. The 
due to the fact that Buoding and AVortis’ subjects were probably more tliorougli } r - 
ours. 
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Ghtcoxe . — Sliort severe imiseiilar effort is avcU known to raise tlic fasting 
lilood sugar.-* Blootl glucose rose rapidly and considerably in mclnwAil (sec 
Jlediina and Rolniy;" Loman and co-worker.s;'= and liedlicli-’) and electric 
shock convulsions. Exercise after small dos-es of instiiin to normal peraon.s 
also raised the blood sugar considerably (Figs. 5 and 6). During brief ex- 
hausting exercise of nonfasting normal peiTions, the blood sugar fell steeply and 
recovered during rest (Pigs. 16 and 17). 

.SIAIAIARY 

Neither insulin in small or large do.scs, nor mclrazol or electric shock treat- 
ments, have any specific effect on the level of blood pyruvate, and probably 
none on the lactate level, in human beings. The coneentration of tbe.se sub- 
stances bore no relation to the blood sugar level iiov to the condition of brain 
fiinc'tion.s. 

Blood pyruvate and lactate rose and fell together’, and the rises seemed 
to be the result only of muscular activity. In mclrazol and electric shock the 
rises of both substances, and of lilood glucose, were very bigb; curare decreased 
the effect of metrazol convulsions on blood laetate, pyruvate, and glucose. The 
changes in blood jiyrnvatc were less marked than those of lactate. 
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Relationship of .Specific Gravity of Whole Bi.ood to Specific Gramty of 
Plasjia, Red Blood Cell Count, Hematocrit, and Hemoglobin as Indicator.'^ 

OF Hemoconcentration" 


Charles T. Ashworth, M.D., and George Adam.s, Ph.D., iiLD 

Dallas, Texas 


T here has been an inci’easing familiarity with specific giavilx stu ics, 
blood cell counts, hemoglobin determinations, and hematociit 
methods of measuring hemoconcentration and hemodilntion in shoc^ anf 
latcd conditions. Many inve.stigators feel that specific graxil.x stu 
simplest and most practical method of recognizing and 

t rat ion during the cour.se and treatment of shock. The method o j 

Hamilton’ has placed this mean.s of study on a practical 
Scudder- has poxiularized the method in the study of shock. In a 
cation,^ the specific gravity method has been demonstrated to he no 
excellent method of studying the course of hemoconcentration fuim,. 

•FYom the Department of Patholopj", Baylor Universitj' CoIleBe of Med 
Received for publication. June 9, 1911. 
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mental s!iocl>, !nit also a moans o£ i-eeognisin!; relative blood volume changes. 
Tills latter appliciition depends upon the assumption of a i'olafivel.v constant 
crytlu'OC'j'lc specific gravity. In a series of experiments on dogs in the study 
of shock, it was found that the crythroeylc specific gravity varied only slightly 
ill normal .niimals and during the course of shock. 

It has been felt necessary to investigate the erythrocyte speeifie gravity in 
human beings and to determine whether this factor is as nearly constant as 
it is in dog.s. In this study also particular attention has been paid to the linear 
rchationship between the various methods of indicating hemoconeentration, as 
well as the relative efficacy of each of these methods. 

JIETHOPS 

A series of 20 normal pei’sons with red tilood cell count over 4,000,000 
and a series of 10 ])aticnts, most of whom Iiad .some form of anemia, iverc 
studied to determine the specific gi-avily of the red blood cells. Blood was ob- 
tained by venepuncture with minimal stasis. Heparin was used as the anti- 
coagulant. On each sample, red blood cell counts, liemoglobin by Sanford 
and Sheard method' using a photoelectric colorimeter, hematocrit using Win- 
trohe tubes,' and .specific gravity of whole blood and filasma using the method 
o! Barbour and Hamilton* wove carried out. llcan cell volume, mean cell hemo- 
globin, and mean cell hemoglobin concentration were calculated from the red 
blood cell count, hemoglobin, and hematocrit. The specific gravity of the red 
Wood eotts was ealcvilated as follows 

Sp. gr. of E. B. C. = 

(Sp. gr. whole blood x 100) - jSp gr. plasma x (Kffl - Ilematocvitll 
Hematocrit 

Tlic efficacy of protein concentration as an indicator of hemoconcoutration was 
studied in a scries of dogs in which shock was experimentally produced during 
"bieh bcmoconcenlration studies were onvried out. 

BEStU.TB 

Tahle I shows the results of the studies on human beings. The specific 
gravity of red blood cells shows only minor variation in normal human beings, 
vaiying from 1.0936 to 1.099S, with an average of 1.0971. In patients with 
anemia, however, the variation was somewhat greater, from 1,0868 to 1.1045, 
this variation bearing slight but not alisolute relationship to the mean cell 
netnoglobin concentration. It would appear that a close relationship between 
®ean col! hemoglobin concentration and specific gravity of red blood cells exists, 
8nd the absence of suelj may be due to technical variations. It would seem that, 
Wtbougb in anemia and other abnormal conditions, the red blood cell specific 
"favitj' may vary from the average, in the same person the factor is sufficientl.v 
'cnstant that the specific gravity method is an accurate means of indicating 
w ativc blood volume changes. A study of the literature shows that Oc.strcieh'' 
"> 1931 studied the specific gravity of blood using methods susco tiblc to 
™*'’cism; he found the specific gravity of erythroeyte.s tiround 

> a somewhat lower figure than that obtained here. 
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Table I 

Blood Studies ok N'ormal Persons, Anemic Patients Patients 
Deficiency Anemia, and One With Polycytiie.mia V 



FvB.C. 

COUNT 

IN 

MILLIONS 

HEMO- 

GLOBIN 

GMyioo 

C.C. 

HEMATO- 

CKIT 

MCV 

MCII 

MOHC 

SP. C.K. 
PLAS.MA 

Normal 

5.07 

15.85 

44.0 

86.8 

31.3 

36.0 

1 

Norma] 

4.76 

14.15 

47.0 

98.7 

29.7 

30.1 

WmEBS 

Normal 

4.S5 

15.85 

45.5 

93.8 

32.7 

35.6 

1 n‘>fi4 

Normal 

4.60 

15.85 

43.0 

.93.5 

34.4 

36.9 

1.0257 

Normal 

5.38 

16.10 

47.5 

S8.S 

29.9 

33.0 

1 oprii 

Normal 

4.97 

16.65 

46.8 

94.2 

33.5 

35.6 


1\ oimal 

5.50 

16.90 

47.5 

86.4 

30.7 


1 0940 

Normal 

4.64 

14.70 

43.0 

92.7 

31.7 

34,2 


Normal 

4.22 

14.15 

39.5 

93.6 

33.5 

35.S 


Normal 

4.30 

14.60 

39.5 

91.9 

34.0 

37.0 


Normal 

4.84 

14.70 

42.0 

86.7 

30.4 

35.0 

Hr rH 

Normal 

4.47 

14.45 

39.0 

89.2 

32.3 


1.0266 

Normal 

5.53 

15.85 

40.0 

83.2 

28.7 

34.5 

1.0266 

Normal 

4.06 

14.15 

38.0 

93.6 

34.9 

37.3 

■|R[ ! M 

Normal 

5.09 

16.10 

45.0 

88.4 

31.6 

35,6 


Normal 

5.13 

15.55 

43.5 

84.8 

30.3 

35.1 

Bl; j ! fl 

N'ornial 

5.08 

15,55 

47.5 

83.5 

30.6 

32.7 

Hr [ \ A 

N'ormal 

4.86 

14.15 

39.0 

80.2 

29.1 

36.3 

H||i \ n 

Normal 

5.77 

17.40 

48.0 

8.3.2 

30.2 

36.3 


Normal 

5.09 

15.55 

47.0 

92.3 

30.6 

33.1 

■HIH i kfl 

Patient 

3.70 

9.15 

31.0 

83.8 

24.7 

29.5 

1.0251 

Patient 

2.53 

8.20 

29.0 

114.6 

32.4 

28.3 

jUII [ f 

Patient 

8.52 

25.80 

78.0 

91.5 

30.3 

33.1 

Jlp [ j 1^1 

Patient 

4.20 

13.25 

36.5 

96.1 

34.9 

36.5 

Hli ! 1 H 

Patient 

4.S5 

13.85 

45.5 

93.8 

28.5 

30.5 

Kin [ r 

Patient 

4.43 

12.90 

38.5 

86.9 

29.0 

33.5 

1.0247 

Patient 

4.42 

12,60 

37.1 

83.9 

28.5 

33.9 

1.0276 

Patient 

4.03 

13.50 

.38.5 

8,3,5 

29.3 

35.1 


Patient 

4,70 

15.3 

41.7 

88,7 

32.0 

36.7 


Patient 

3.36 

11.7 

,32.9 

97,9 

34.S 

35.6 

1.0203 


With Mii.n Ikox 
ei;a 


SP. Gr„ 
BLOOD 


■Konni 

innsW 

WtUiiM 


■iEn 

BiniuH 

1.0557 

l.O.OdO 

1.05S9 

l.OOliO 

1.0588 

1.0901 

1.05S.0 

1,0905 

1.057.1 

1.0DG3 

1.05.14 


1.05,1.1 

1.0.00.1 

1.0559 

1.0971 

1.0542 


1.0594 

1.0070 

1.0541 

1,0070 

1.0584 

l.nosfl 

1.05G9 

1.0984 

1.0022 

bSmH 

1.0533 

BE ^9 

1.0022 

BIB IhkH 

1.000,1 

1.0093 

1.0442 

1.0808 

1.0433 

■KWH 

1.0758 

■RlBlUf 

1.0521 

1.0011 

1.0500 


1.0521 

1.0038 

1.0535 


1.0542 


1.05SO 

Hfu IH 

1.0470 

UjHH 


With the average specific graifity of iiiiman erythocytes known, the hemato- 
crit may he calculated from the specific gravit}' of wiiolc hloocl and plasma 
as follows; 

Hematocrit = (Sp- {tr, whole blood x 100) - [Sp. gr. x (100 - Hcmatocril)] 

1.0971 

The relationship between specific gi'avity of whole blood and tlie hemato- 
crit, red blood cell count, and hemoglobin would be expected to he fairly con- 
stant. Since, however, tlie specific gravity of whole blood is partly dependent 
iiimn the specific gravity of the jilasma, there should he some dejiarlnrc fiom 
tin's relationship when this latter factor is not taken into account. For piac- 
tical purposes, in spite of this, the hematocrit, red blood cell count, and hemo- 
globin hear a distinct mathematical relationship to, and can be fairly acciuAtob 
estimated from, the specific gravity of tlic whole blood. The relationship he 
tween these is .shown in Figs. 1, 2, 3. This relation.ship between specific gravity 
of wJiolc blood and tlie hematocrit, hemoglobin, and red cell count maj he 
expressed as follows : 

(1) Hematocrit — (Sp. gr, wliole Wood — 1.0457) x 1,000 -i- 32. 

(2) Ilcmogloliin = (Sp. gr. whole blood — 1.0470) x 3S6 -r H- ^ 

(3) Red blood cell eonnt in millions == (Sp. gr. wiiole hloocl ^ 1-6^ 0 

14.5 3.5. 
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Naturally these equations will yield results slightly in error of the actual values, 
hut these variations do not exceed the limits of technical error hy any apprc- 
ciahle extent. Because of this rather accurate correlation hetweeii the specific 
gf’avity of whole blood and hematocrit, hemoglobin, and red blood cell count, it 
would seem that they are more or less uniformly efficacious as indicators of 
hemoconeentration. The value of these studies of peripheral blood as measures 
of hemoconeentration and relative blood volume change has been further ac- 
centuated h.v recent studies of Ebert and Stead" which showed the relative 
constancy of circulating red blood cell volume in human beings under various 
circumstances. 


Table TI 

He>[OCOXcextratiox Studie-s IX Dofis IX "Which Shock Was Ixduced bt IxxnArEniTOKF.Ai. 
IXJECTIOX OP Hypekto.vic S.vlixe (25%) 


DOG 


n.B.c. 

COUNT 

IN MIL- 

HEMO- 

GLOBIN 

GM./lOO 

c.c. 

HEM- 

ATO' 


sp. cn. 

BLOOD 

PRO- 

TEIN 

HEM- 

ATO- 

CRIT 

HEMO- 

GLO- 

BIN 

n.B.c. 

COU.VT 



LIOXS 

cniT 

PEBCEXTAGF. IXCI’.EASE 

■I 


4.2 

9.64 

10.15 

20.15 

■tfliM 

5.37 

6.09 

mi9 

13.4 

83.3 

9S 

127 

o 

Control 

Sliock 

4.76 

10.74 

12.45 

24.0 

32 

61.5 

5.58 

6.53 

K|9 

17 

92 

02.8 

125 

3 

Control 

Shock 

5.16 

8.43 

12.95 

1S.9 

38.5 

56.5 

6.12 

5.85 


-5 

40.7 

4G.2 

03.3 

4 

Control 

Sliock 

5.03 

7.95 

12.35 

17.9 


6.56 

6.7 

H 9 

3.6 

43 

45 

5S 

5 

Control 

Shock 

0.37 

9.63 

17.15 

23.15 


6.39 

7.28 

B 9 

14.1 

44.3 

35 

51 


Table II represents hemoconeentration studies in five dogs in which shock 
was induced by intraperitoneal injection of h.vpertonic saline. The percentage 
uierease of hemoglobin, hematocrit, and red blood cell count from control studic-s 
to shock values demonstrates the relativ'e efficiency of each method of deter minin„ 
hemoconeentration. It will be seen that fairdy accurate correlation in the 
was obtairred. Protein concentration ivas estimated from the specific grarit.' o 
the plasma according to the method of Weeeh, Beeves, and Goettsch. A com 
parison of the percentage change of protein concentration from control to ^ 
valires "with corresponding values of other mea.sures of hemoconeentration sio 
the lack of efficiency of protein conceirtration as a measure of hemoeoncentrabo 
or relative blood volume eharrge. This is to be expected, since proteins are 
from the circrrlating blood during the developmerrt of shock. 


SUMMARY 

1. The aver-age specific gravity of normal hrrman crAthrocUes is 

This factor is fairly con.stant in different per.son.s, brrt in anemia there reqr 
is a gr-eater deiiarturc from the average than in normals. ^ 

2. The hematocrit may be calculated from tiic specific 

blood and of plasma in Inrman being.s. Also a fairl.v accurate cstmia 
blood cell count, hemoglobin, and hematocrit may be made froin 
gravity of whole blood alone, since these values bear a constan re < 
to one another. 
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3. Specific gravity of ■whole blood, hemoglobin concentration, hematocrit, 
anil red blood cell count are uniformly efficacious as indicators of hcmoconcen- 
tratiou and relative blood volume change. 

4. Protein concentration or specific gravity of plasma is not a satisfactory 
indicator of hcmoconccntration during the course of siioek, since protein is lost 
fi-om the circulating blood. 
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INDOLURIA IN lUIEUMATOIl) ARTHRITIS^ 


Eugene Nkuwirth, M.l)., New York, N. Y. 


INDOIjR is formed by bacterial action upon protein. This action may take 
^ place in the gastrointestinal tract, the urinary tract, or in some focus of 
hifeetion.^ Normally, indole is oxidized in the body to indoxyl, which is con- 
.Uigiitcd with potassium hydrogen sulfate, witli the formation of indican that 
Js e.xcreted in the urine. The indoxyl detoxifying mechanism is located in the 
liver. 

In tionna? persons under normat conditions, free indole docs not appear 
’h the urine. In over 100 determinations on normal persons, urinary indole 
found in only one, and then only upon one occasion.^ On the other hand, 
hidoluria was encountered in various patJiologic conditions.^' * 

VaughaiP^ was unable to detect the presence of indole in specimens of 
tone from diseased pci'sons. However, Vaughan,'- and Games and Lewis,® 
point to the possibility that the urine may contain a substance tliat might be 
converted into indole by the action of J?. coU. The.se investigators observed 
lliat indole-negative urines may become positive upon standing. 

Deficient oxidation, impaired liver function, sulfur deficiency, excessive 
^'idole production in the intestinal tract, and many other concepts were ad- 
'anced as tlieoretical po.s.siblc causes for the appearance of free indole in tlie 
tone.®' * 

‘Tilts study was conducted from February 2 to July ir», 1938. 

Received ior publication. June 18, 1041. 
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Forbes and Neale' reported indohiria in a variety of pafliolosic coialitioiis 
including rhenmatie fever, gonococcal, infectious, rheumatoid, and hypciti-o])!iic 
arthritis. These investigators used steam distillation in the presence' of iaitaric 
acid, followed by colorimetry, to determine quantitalively the indole in liic 
urine. Values less than 0.05 mg. per liter of urine were regarded a.s a trace. 
Ulost eases ran from 0.5 to 1.5 mg. per liter of urine. 

As indoluria might be evidence of the liver failing in its deto.xifying action, 
possibly because of sulfur deficiency, it seemed logical to Forbes and Neale 
and their collaborators^ to give patients with chronic arthritis a diet that con- 
tained a high proportion of sulfur amino acids. It was noted that clinical 
improvement was accompanied by a decrease and eventual disappearance of the 
indoluria. 

In contrast, it seemed improbable to Basinski and Lewis- that indohiria 
.should be related to a lack of sulfur needed for conjugation. In their paticn(.s 
having indoluria, the cystine level in the fingernails was found to he normal. 

The demonstration of indoluria in ])atients with rheumatoid arthritis hy 
Forbes and Neale,' prompted me to test the urines of 88 patients with rheuma- 
toid arthritis for the presence of free indole. The pntienis, consisting of 46 
females and 42 males, were partly from my private practice, partly from the 
People’s Hospital at Pistany Spa, Czechoslovakia. This liospital, eriuipped with 
600 beds, is dedicated to the treatment of panel patients suffering from clivouic 
arthritis and other rheumatoid conditions. The patients stayed three to four 
weeks at the ho.spital, tiio average duration of the “spa cure.” The spa treat- 
ment consi.sts of the use of naturally hot sulfur .springs and of the .sulfur-con- 
taining mud of volcanic origin, the latter being administered in the form of 
mud baths and packs. The rationale and fechnicpie of the spa treatment were 
described in a previous article."’ 

Considering that sulfur is ab-sorhed through the skin,'’"® and that its 
ab.sorption had been demonstrated from llie mud applied to the .shaved shin 
of a rabbit,® I attempted to investigate not only the presence of free indole 
in the urines of patients w’ith rheumatoid arthritis, hut also its fate in the mine 
of patients who take a “spa cure.” However, I was unable to complete the 
latter part of my study. 

The samples of urine, obtained from the patients at any hour throughout thc 
day, and at any period in the course of the spa treatment. wer'O coUcetcc as 
follows : After the glans penis and the urethral orifice of the male p.iticn 
Iiad been washed, the urine was collected in tw'o portions. The fir.st siiccimen 
of urine was discarded, the second one was collected in a sterile container am 
promptly tested for indole. The female patients clean.scd their external geni- 
tals, and voided into two containers, the .second of which was .slei ile ^ 
contents were used for indole determination, which anal.vsls was made ^ 
thirty to sixty minutes. The method of analy.sis used hy Forbes am - ta 
was employed in the .study on indoluria. 

The analytical results of the examined urine specimens ohtamed 
patients with rhcnmaloid arthritis were a.s follo\vs; In the 4G I'o 

values of indole were between 0.3 and 1.8 mg. per lifer of urine, m 
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males, the indole values wore lictwecn 0.2 and 1.94 mg. per liter of urine. 
Less than 1 ing. of indole per liter of urine was tound in 32 females (69.6 
])er cent), and in 31 males (73.K jicr rent). More than 1 mg. of indole per 
liter of urine was found in 14 females (30.4 per cent) and in 11 males (26.2 
per cent). 

The results reported here arc in agreement with those of Neale” who, re- 
cently, in a series of 50 cases of proliferative arthritis in female patients oh- 
t.-iincil urine aseptically by catheterization and demonstrated free indole in 
iiriiic which was shown to he sterile by culture. This indoluria disappeared 
when the patients responded to treatment. 

SUM.MARY 

Free indole was shown to he present in the freshly voided urine samples 
obtained from 88 patients with rheumatoid arthritis. These results eonhrm the 
observations reported by Forbes and Neale.' 

I Irish to acUnowletlgc the cooperation of Dr Anna Igumova. Head of the Chemical Re- 
search Ijiboiatory at Pialiiny Sjia. 1 grntofuUy otter un expression ot appreciation to her. 
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THE IODINE CONTENT OP BLOOD, ’ URINE, AND SALIVA OF 
NORSIAL PERSONS IN THE NEW YORK CITY AREA® 


I^Iaukick BnuoKH, M.D., J. AVilliam HintoiV, M.D., 

Nkw York, N. Y. 


AXD ^YALT^:R 0. LoUfiU, II.IJ. 


S INCE the imincrous studies on the iodine content of ])ody finids liave been 
adequately reviewed in the recent books by Elmer,'" lilcClendon"- and Snlteiy' 
only the pertinent litei-ature will be referred to in this report. 


MATERIAL AND METHODS 


Blood, urine, and saliva were obtained from 22 normal persons of wlmm !' 
were males and 13 were females. Their ages ranged irom 13 to 51 years. The 
usual hospital personnel (physicians, nurses, technicians, etc.) served as a 
major source of material but those assigned to surgery were uniformly cA’cluded 
because of probable contact with iodine. No attempt was made to staiulurdiw 
the antecedent diet. All materials used for the collection of specimens, .such as 
syringes, needles, and containers, after thorough cleansing, were rinsed with 
iodine-free distilled water. Iodine-free alcohol was used to sterilize the skin 
prior to venipuncture. 

LT'ine collections were made over a twenty-four-hour period; blood and 
saliva were obtained usually after breakfast, and approximate!}’ twelve hours 
after the collection of the urine was begun. The method of Trevorrow and 
Pasliena^ was used throughout, 

RESULTS 


The results are given in Table I. The total blood iodine ranged from 3.1 
to 8.4 mierograms per 100 ml. of whole blood, with a mean of 5.9 ± 3.3. H'c 
concentration of iodine in the urine varied from 6.2 to 56.7 mierograms 
100 mb, with a mean of 21,1 + 16.7, The total output of iodine in the urine for 
twent}'-four hours i*anged from IS.O to 483.3 mierograms, with a mean of 190.8 
± 138.0, The salivaiy iodme varied from 3.5 to 24.0 mierograms per 100 mh) 
with a mean, of 10,2 + 5.1. 


DISCUSSION 


It is generally appreciated that the normal range for blood iodine rcpoitoc^ 
by some of tlie earlier investigators is undoubtedly too bigb. Rig."-** ^ 

liave recently ana]}'zcd critically the various procedures and have pointed «n 
the discrepancies inherent in the older methods of chemical analyses. The com 
paratively high normal values recorded in the literatni’c may further be aseii 
to the selection of persons who inadvertently ingested iodine or who wcic cs 
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posecl to it in some loi-m. (Irecnc and one of ns (M. B.)"' have sti-ossod this 
point. In the present series, tlic average eoncentration of 5.9 ±1.3 mierograms 
of iodine per 100 ml. of whole hloocl agrees closely with the findings of some 
recent inve.stigafors’ and is slightly higher than that recorded by another group.® 
Baumann and Jlctzger*' maintained that the blood iodine of males ivas 
higher than that of females, an observation which was not confirmed by 
Faslicna,"'’ Turner and co-workers,'” and Riggs and Man.'’ The present studies 
are, in agreement with the latter group. The average blood iodine in the 9 
males was 5.7 micrograms per 100 ml. and in the 13 females, 6.0 mierograms 
per 100 ml. 

Table I 


Tiir, Iodine Content of Blood, Urine, and s.vliva of Nobmai. Persons 


SUBJECT 

NO. 

AGE 

SEX 

ULOOD 

IODINE 

VOLUME 

URINE 

IODINE 

RALIVARY 

IODINE 



(bK/WO ml.) 

(ml./24 hr.) 

(Bg/lOO ml.) 

(bS/ 24 hr.) 

[fznmtigiMi 

1 

40 


4.4 

1,880 

10.1 

■^SHi 

9.3 

2 

2(5 

5t 


1,200 

27.7 

332.4 

9.8 

3 

28 

F 

c.o 

2,C40 


2G9.3 

20.4 

4 

3S 

F 

0,0 

<540 

54.0 

349.4 

13.4 

5 

24 

P 

(5.8 

(5.30 

fi.2 

30.1 

10.5 

6 

23 

F 

S.4 

500 

7.5 


5.5 

7 

20 


3.1 

27.3 

C.O 

18.0 

0.7 

8 

oo 

F 

(5.7 

400 

11.5 

50.4 

7.8 

£> 

42 

F 

5.7 


23.9 

116.1 

0.7 


24 

F 

4.0 

cos 

19.2 

128.3 

10.9 

11 

13 

M 

0.7 

023 

7.0 

43.7 

7.9 

32 

51 

r 

7.0 


32.0 

102.1 

24.0 

13 

u 

F 

5.4 

095 

11.8 



14 

25 


G.O 

715 

55.8 

■ 309.0 

15.7 

15 

2D 

U 

(5.5 

1,695 

14.8 


3.8 

hi 

25 

F 

.3.0 

1,071 

10.3 

310.a3 

3.5 

17 

25 

F 

5.(5 

761 

14.7 

111.9 

6.1 

38 

32 

U 

5.5 

832 

56.7 

483.1 


19 

17 

F 

3.8 

1,152 





3G 




36.1 

357.4 


21 

28 

P 



30.6 

234.1 




it 


■ReH 

8.4 

121.8 

■e 9 

fiance 





0.2'5(».7 


3.5-24.0 

Mean 





21.1 

190.8 

10.2 

Standard 

deviation 


±1,3 


±1(5.7 

±1.38.0 

±5.1 


The excretion of iodine in the urine of normal individuals varies directly 
with the intake of iodine in food and water. The urinary loss of iodine, there- 
lore, is dependent upon the geographic location. In goitrous regions the exere- 
t'oii of iodine in the urine is approximately 50 mierograms or less in twenty-four 
hours,” In the New York City area, where food and water are iodine rich, 
the present study shows a wide range in the excretion of iodine. The average 
jodiiie loss in the urine in the 22 normal persons was 190.8 ± 138.0 mierograms 
ia twenty-four hours. 

In contrast to the large number of studies recorded in the literature on 
hlood and urinai'j’ iodine, few investigations have been carried out on the con- 
centration of iodine in the saliva.’” Schneider and IVidmann’"'* reported that 
the salivary iodine may var.v from 0 to 362 mierograms per 100 ml., but this 
'“'•oC is altogether too wide. In view of the results obtained in the present 

















1944 


the journal of laboratory and clinical medicine 


studies, some of then- subjects ivere proJiably iugesling abnomal amounts of 
lodme^ The raugc observed in tlie 22 normal persons in this series ivas 3-, 
to 24.0 mierograms per 100 ml. of saliva, with an average of 10 2 + 51 ' 


CONCLUSIONS 

1. The concentration of iodine in whole blood of 22 normal persons in tiic 
iSew \ork City area varied from 3.1 to 8.4 microgi'ams per 100 ml., ivitli a 
moan of 5.9 ± 1.3. In 9 males the mean was 5.7 mierograms per 100 'ml. ami 
in 13 females, 6.0 mierograms per 100 ml. 

2. The concentration of iodine in the urine varied from 6.2 to 56.7 micro- 
grams per 100 ml., with a mean of 21.1 ± 16.7. O’he total output of iodine in the 
urine in twenty-four liour.s varied from 18.0 to 483.1 mierograms, ivitli a mean 
of 190.8 ± 138.0. 

3. Tlie concentration of iodine in the saliva varied from 3.5 to 24.0 miero- 
grams per 100 ml., with a mean of 10.2 + 5.1, 

We jvre grateful to Saruuel Memlier, B.S. tor valuable techuical assistance. 
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LABORATORY METHODS 


QENERAL 


3!K(;JJ-Aj\’JCALLY BLOUJ) SE])IMBNTv\TION CUBVJ5S® 


Ili.l R. lIoiiRISON, JI.l),, Atchisox, Kas. 


A IiTHOUGH credit for discovery of the lilood sedimentation test is 'jiven to 
the ancients, the test lias been in voRiie only since it Avas accidentally re- 
diseovered in 1918 by the Stvedish gynecologist, Robin Fahraens, in his search 
for a blood test for pregnancy. Since then no less than forty different tech- 
niques have been suggested to perform this very simple test. A standard method 
would certainly enhance its clinical I’alne. 

During recent years efforts have been made by several investigators to 
record mechanically the blood sedimentation phenomenon, fi]) to the present 
three such methods have been devised. These three methods arc fundamentally 
alike in that they are based on the principle that light, which will penetrate 
plasma, is obstructed by the red blood cell column. The first method devised was 
the silhouette method, Bitten, of Germany,' in 1929 exposed a tube of sedi- 
menting blood to a light source. The tube was placed in a slot in front of a 
Itymographie drum, wliieli carried light .sensitive paper upon whieb the inerca.s- 
ing column of plasma was recorded as the exposed area of the paimr, the lower 
border of the exposed area revealing the blood sedimentation curve. Sulkowiteld 
devised a very similar instrument in 1934. In 1938 a second metliod was pre- 
sented l)y Lee,* who publi.sbcd an article deserilting tlic camera metliod for 
recording blood sedimentation curves. His device makes use of a lens situated 
lietiveen the blood tube, which is placed iu a slot in a light-tight box, and a 
moving pliotograpliic plate which records the image of tlic illinninated plasma. 
Nichols' reported a similar device witli an added improvement of a thermostatic 
compartment to maintain the blood at normal iiod.v temiieratnre. A third 
method, Avhich as yet has not been pnhlislicd, makes nse of a piiotoolectric cell, 
e.vposcd to light coming throngli the blood plasma. Tlic in.strument is so de- 
signed as to cause the photoelectric cell to move downward with the lower level 
of Hood plasma. This movement in tnm o|ieratcs a pen which records the sedi- 
mentation curve as an inked line on paper carried hr a Icymographie drum. 

I have made nse of all three of these methods and, in my hands, the simple 
silhouette method, combined with a thermostatically controlled compartment to 
maintain the Hood at a normal body temperature, pror’es most satisfactory. The 
metliod has the disadvantage of making ii.se of an optical system, wliieh 
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maj" make for a source of error not easily detectable. The pliotoeleetvic cell 
method lias the distinct advantage of requiring no darkroom technique, inasmuch 
as the curve is written on paper with an ink tracing, but with this instrument 
one cannot be sure that the tracing is correct unless one knows that the line of 
demarcation between plasma and blood cells is definite. With either of the 
photograpliie methods, a hazy line of junction will show up as a hazy line, 
whereas the photoelectric cell method ivill show up as a sharp line of demarca- 
tion regardless of whether or not the zone of junction is clear. 



Fig. 1.— Side view o£ a sedograph Scordfng chamber at the right 

been opined to show the neon tube and transformer. The rccormng 

partly opened, showing the drum. 


It has been the common practice of tliose 
of recording blood sedimentation curves to use the ^^.^ardized procedure. I 
the Cutler method, probably because it is a the^sixtv-minute 

feel that in this point they have been in 

recordings are good methods of ascertaining se im f,^ctor if a machine 

are recorded by a laboratory worker, time consumed being ^ ^ 

is to do the test one may just as well see espc 

and not only a part of the curve as is revealed bj 

cially for the bloods of slower sedimentation rates_ 

blood samples which manifest a sedimentation o ’ .gauires a 30 cm. blood 

in a Cutler tube wiU also fall 5 mm. m our tu e packing stage in- 
column, because with this slight degree of sedimenfafion 

fluence is not felt. But after the .sedimenting slowl.v. 

curves of the two bloods may be very ^iffeimit o influenced by the 

and the otlier rapidly. The presedimentat o « prcsedimenta- 

length of the tube. Note in the second sedogiaph (F o- 


MORRISON; BLOOD SEDIMENTATION CURVES ly'll 

lion period requires the entire first hour. Beyond that time the fall may take 
a slow or a rapid course that can only he determined bj- reading over a period 
of time longer than one hour. The longer the tube and time of observation, the 
more tedious the test hut the more accurate the results. Blood samples rcvcal- 



2 — Five sedograph records showing different types and degrees of sedimentation 
the right lower corner is a piece of tracing paper upon which have been traced two 
‘"nes from the same Individual. 

“g identical curves using the one-hour Cutler method have produced unlike 
sedograph records, one well within the limits of tiie normal, and the other 
<lefimtely pathologic. 

The silhouette method instrument for recording blood sedimentation at 
“ormal body temperature is a device to which I have given the name “sedo- 
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graph." It is a metal box 5 b 5 ^ 11 b 5 ^ 14 inches, and is divided into three verti- 
cal, parallel compartments. In one end compartment is a mercury vapor tube 
that acts as a light source; in the other end compartment is a slowlv revolvin'' 

' O 

drum that carries light sensitive paper Avhich is held in place on the drum by a 
transparent film mask. On the mask are parallel, horizontal, and vertical black 
lines, 1 cm. apart, registering as wliite calibrations the hours of exposure and 
the centimeters of blood plasma on the final image. The middle compartment 
contains the blood tube. This compartment is equipped with a heating unit and 
a thermostatic control which maintains the compartment and the blood tube at 


CVL.»NOCR.ON WHICH HiGHl> atNfelTlZCO 
PAPER WRAPPED, MAkCS ONC COHPLCTt 
RCVOlUTJOM CVCRv TWCuVC hOuR& 


TUOC C.O'«TAlt«l»4G OlOOO 
TO et TtiTCD 



XE 


-ti- 


'0 


!'/ 


A 



Partitjdp. maorou' scot c-tHTtft Per- 
MlTTlWO htow WCXt TH»OU&m paSTiTiCWS 
AHO Tuet CONTfciNiHC, 64,000 TO CWLI'JOCR 


NtOH TUBC WHICH PflOOOCtS 
■* CIOHT T"«0«CH iwOT »M CtHTCA 
Of »ARTIT|0N 




TRANOrORMER 


CUOew MECHANISM WHICH 
CVl-<^CR 


TWO TOBCS, ONC ON EACH O'OC Of SLOT IM 
PaAT|T»ON, PROOOCe ONLV MCAT 


n£.COROiNG. 
*CHAMB£R • 


oooece. watcr THcnnosTAT 

ACCUCATeS mcat 

I 

THCRt^STAT 
CHAMSCR. 


uight sourcc 

,CHAnB£R 


'CHAMseR ' CHAT'QCP. ' ^ 

Fig-. 3.— Lateral ciagraminatic drawing of the thermo- 

iiig chamber on the left, the light source chamber on the iig » 
static-controlled chamber between the two, 

a temperature of 99.6° F., thus imitating in vivo conditions. ‘ ^ 

eral opinion, room temperature is a variable which must be tamn m 
tion if we are desirous of obtaining exact information from ^ oo 

tion. Boom temperature may vary as much as dU ■ ..-.gte record is 

country, which is too great a change to be disregai'de i ow i ^ 
desired. In some bloods I have found .sedimentation rates lemperal'ii'^' 

much as doubled what they are at 70° F. To ‘ plood above 

we have found it simpler to use a heating system tha . am ' svstem. 

the outer limits of room temperature, rather than to ms a 
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The temijcraUn'C in (lie tlicrmoslatic compartment is controlled by a wafer 
Ihcrmostat ami two 2r)-watt electric light bulbs which cycle on and off, main- 
tainiii" consfiint lcm)>craturc. This lyiie of thcrmostationaiy arrangement is 
used lieeinise I have found it to be the one that gives tlic least lag and the 
least overshoot at the onset of the test. There is a time interval of about six 
to ten minutes, depending upon the temperature of the room, during which the 
tlicrmostationaiy eom])artmcnt is warming up to blood temperature. Inasmueli 
as this is the presedinientation period. I feel that it is unnecessary to warm the 
fomjiartment l).v inserting an empty tnlie into the apparatus just prior to tlie 
test. 

The records make ii.se of 8</> by 1 1 inch photographic paper, since fhi.s is 
the size paper most commonly used in hospital charts. This pi'oduces an ae- 
cnrate, permanent, actual size image of the sedimentation progress, with more- 
detailed information than do smaller images. This instrument uses ordinary 
double weight glossy pliotograiihie paper, Azo No, 3. 

A column of eitrated Idood 300 mm. in length is used, inasmuch as this 
is tiie greatest column of eitrated blood that can be accommodated by St4 by 
31 inch paper in those cases witli increased sedimentation rates. The length 
of the tube is a guard against deviation from a strictly upright position, the 
importance of wliioli has been pointed out by numerous investigators. It is more 
difficult to be sure that the .slioricr lubc.s are perpendicular. We use a tube of 
•} mm, iiiaido diameter; tube.s of larger diameter transmit the rec|nired amount 
of light with diffieult.v. Tlii.s is a convenient sized tube to handle and clean. 

The tost is run for a period of twelve hours, since sedimentation in a tube 
of this size is complete for most pathologic bloods by that time, whereas the 
nearer normal pathologic liloods arc seldom complete, and the normal blood 
samples are never eompfcfcd in a shorter period of time. I feel that it is verj' 
desirable to scenro the entire sedimentation curve in order to evaluate properly 
the results of the test. 

I have used 3.8 per cent aqueous sodium citi-atc as an anticoagulant be- 
o.nise it is isotonic witli tlie blood and gives a clearer plasma than heparin or the 
oxalates, wliicli in the case of my technique is a distinct advantage- 

A blue liglit source is used because, with the pale yellow media of the blood 
plasma and the opaque red cell volume, a more contrasting image is assured. 

The technique of the test is as follows: 

Four cubic centimeters o{ blootl ^.ecured by venepuncture are mixc<i with 1 e.c. of 3,8 per 
cent aqueous sodium citrate in an ordinary test tube. The blood is pipetted to the black 
mark encircling the 4 mm. diameter setlimentation tube, which gives a column of blood 30 cm, 
long, cork is placed in the bottom of the tube, and the tube is inseited into the machine. 
As tiic tube is placed in the machine, a switch is automatically closed; this starts the 
svnclironoiis motor that rotates the drum, turns on the mercury vapor tube, and sets into 
‘ipcration the thermostatically controlled compartment. Tlie test from then on is entirely 
aittomatic, including an automatic stop after twelve hours, until such convenient time after 
twelve hours tliat the operator may choose to remove the tube, take the machine into the 
darkroom, develop the record, and reload the madiine to await the nest test. 

A simple and easy motliod of loading and tinloading has been devi.sed, and 
liitliougli our meeliaiiism requires a darkroom for these hvo operations, whieli 



1950 


THE JOURNAL OF LABORATORY AN*D CLLVICAL MEDICIXE 


are done in one sitting, I feel that inasmuch as the instrument is not heavy or 
bulky, the method is technically simpler than if photographic plates were used, 
because in either case a trip to the darkroom is necessary. Tiie recording 
chamber is opened by lifting the dial knob, allowing the recording chamber end, 
w'hich is hinged at the bottom, to swing open. The film mask is opened by dis- 
engaging the rubber bordered ends from their hooks, and the photographic paper 
is slipped under the mask. The chamber door is closed, and the dial is set at tlie 
arrow or “start line.’' The in.strument is now read}' to be used again. 

The entire instrument consumes about 50 watts of electrical power. The 
synchronous electrical motor operating the drum makes one revolution in fifteen 
hours. The greatly reduced speed of the electrical motor makes it powerful 
and dependable. Twelve hours are used for the operating time, the space of 
the three remaining houi’s (6 cm.) being used for attachments of the mask and 
margins of the paper. The drum is 30 cm. in circumference; therefore, a point 
on the circumference of the drum moves 2 cm. each hour. 

The size of the sedograph record, besides permitting attachment to hospital 
charts, lends itself well to being traced. A sheet of semitransparent tracing 
paper may be laid over the sedograph record and the curve traced thereon. 
Serial sedograph curves of a patient may be traced on this same sheet. It be- 
comes a simple matter then for tlie physician to see at a glance a mechanically 
made, complete, and accurate sedimentation curve, as well as the most minute 
differences in serial readings. 

I believe that the future will reveal the necessit.v of this degree of accuracy. 
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A SEMISOT.ID DOUBLE SUGAR StEDIUJt FOR THE IDENTIFICATION 
OP THE COLON-TYPHOID GROUP* 


SAWiKl* H. ZlA AND P. Y. Ell-, PEKlNli, ClllNA 


R USSELL'S doulile siigai- medium has t)een used extensively in hacteriologie 
practice. By the use of this single medium, it is possible to obtain pre- 
liminary information of practical value in laboratoiy diagnosis. But its general 
application is limited, owing to the lack of differentiation between the motile 
Ebcftlidla tijphi and the noumotile Shigdla group, as well as between the motile 
SalmoneUa and the nonmotilc para-eolon group of organisms. Jloreover, one 
of ns has shown (P Y. L.)' that it is unnecessary to employ both lactose and 
dextrose in both the slant and the butt, because the purpose of differentiation 
can be satisfactorily aecomplisiied by using dextrose alone in the butt and lactose 
alone in the slant. 

Sinee 1938 we have emjdoyed a double sugar medium with a semisolid butt 
to indicate motility. Acid fuehsin has been used as au indicator sinee Cummings- 
has shown that this will give satisfactory results. Over 12,000 specimens of 
stool alone were examined in the past two years by this medium for preliminary 
identification. A total of over 2,000 positive cultures of various pathogenic 
gram-negative intestinal organisms was obtained. The following is the formula 
of this .semisolid medium : 

Solution A — Sugar-free broth (blood digest brotlp), pH 7.4 100 


Agar 0.35 

Solution B — Sugar-free broth, pH 7.4 100 

Agar 0.9 

Lactose 1.0 


Sterilize both solutions A and B by autoclave at 8 pounds pre.ssnrc for 
fifteen minutes and cool to about GO* C.; add to both solutions A and B 0..5 e.e, 
of 2 per cent atpieons solution of acid fuehsin. 

Keep solution B in water bath at 45* to 50° C. until used. 

To solution A add 2 e.e. of a sterile 10 per cent solution of dextrose. 

Fill tubes of 12 mm. inside diameter with 2 c.c. of solution A and cool in 
'upright position until it solidifies. Then add to the same tubes solution B also 
2 e.e. amounts and let it solidify in a slanting position. The medium is now 
Tfady for use. 

ACTUAL PROCEPURK AND INTERPRETATION 

The stool specimens are, as usual, plated on the China blue rosolie acid me- 
dium, which in our hands have given satisfactory re.suUs. Next morning, after 
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sixteen to twenty hours’ ineiibation, eacli of several suspicious colonies i)ickc(l 
from every plate is inoculated into a tube of this semisolid double sus^ar inediuni. 
After anotJier twenty-four hours’ incubation the results in this medium arc 
read and interpreted according to the scheme in Table I. 


Table I 


RESULTS m SE.MISOLID SIEMUM | 

1 TEXTATIVE WAONOStS 

Fermentation in i 

1 Production of 1 


Slant 

Butt 

Gas 

Motility 


0 

A 

- 


Shigella- 

0 

A 

— 

+ 

JHherthella 

0 

A 

+ 

+ 

Salmonella 

0 

A 

+ 

- 

Para-colon gyoup 

A 

A 

+ 

+ or - 

Colon-aerogenous group 

0 

0 

- 

+ 

AlJcaligenes 


O ='No change. - =: Nonmotile or no gas production. 
A = Red-color, -t =; Motile or positive for gas. 


For those cultures that show the first three types of reaction, further trans- 
fers into sugar fermentation tubes and agglutination with specific serum arc 
made. ‘Cultures showing the latter three types of reaction were discarded and 
considered to be those of nonpathogenie organisms. Care should, however, be 
exercised in cultures giving the type of reaction of the para-colon group, since the 
nonmotile Salmonella would give the same reaction. In such cases the amount of 
acid produced may give some indication, since the organism of the para-colon 
group usually produces a large amount of gas. If the amount of acid produced is 
slight, further studies in special sugars are indicated. 


COMMENTS 


The medium herewith reported makes use of the original principle of Hus 
sell ’s medium but has the following additional advantages : 

(1) The consistency of the butt is sufficiently hard to stand up under the slant; 
and at the same time is suitable for the demonstration of motilitj . - ; 

j The use of an inexpensive and stable indicator — acid fuchsin. 

^ The elimination of one of the sugars from both butt and slant, found 
unnecessary, effects material economy when large numbers of stoo i 
have to be examined dail.v. 

(4) Blood digest medium has been found to be sugar free and to sup. 
growth for the organisms examined ivithout the addition of pep < 
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DECKKASKO FRAUIUTY OF EKYTHHOCYTKS INTEKFERING WITH 
LEUCOCYTE roi'NT*' 


JIiiiTOx 0. Bohrod, ;M.T) , Miami Beach, Pi.a. 


I NCREASED resistance of erythvoeyt**s to hypotonic solutions occurs infre- 
quently. It is known to be a transitory plienomcnon in hypochromic anemias, 
particularly after the loss of a largo amount of blood, in some cases of obstructive 
jaundice and in pneumonia. Tlie discovery of sucli decreased fragility refiuires 
the special technique of the commonly used fragility test. Whether cells more 
resistant than usual to hypotonic solutions are more resistant to other hemolytic 
aiients has not been definitely determinod. The following case is reported to 
illustrate the possibility of increased resistance of erythrocytes to acetic acid 
to the point where it interfered with tlie routine technique for counting leuco- 
cytes. The circumstances surrounding the discovery of this unusual phenomenon 
nva as follows : 

The patient was a 31-yonr-ol(t woman, gravula iv, \vl»o Imd n breech extraction of a 
premature dead fetus (twonty-si.x woehs’ gotatjon) on August 10. The placenta separated 
8lo^Yly and with difficulty, and tlioro was eom^iderable lo«s of blood. Her led blood cell count 
dropped in two days to 2,180,000, while she continued to pass blood clots from the tagina. 
In spite of tran.sfusions on August 12 and 13, the erythrocyte count dropped to 1,820,000 on 
August 14. TIve color inde.x varied between 1-01 and 1.03. Leucocjnc counts were performed 
OB August 12 and 13 (20,000 and 12,000), and nothing unusual was noted while doing these 
tests. 

On August 14 the laboratory tcehnieiun roportc-d tbal sbe was unable to do a leucocyte 
count because of a large amount of what looked like debris in the counting chamber. Thinking 
she might have used a solution with precipitate of some kind in it or a dirty pipette, slie 
attempted the count a second time with freshly made solutions; she obtained the same result. 
A third attempt still showed deliris. In the meantime the solution had been used without 
difficulty on many other patients. The next morning, August 35, she was still unable to 
count the cells. At this time, examination of the debris suggested that it might be made up 
of clumped and distorted erythrocytes, and several rough tests were performed to test this 
hj^othesis. 

Blood was drawn from the vein, and enough sodium citrate was added to prevent clotting. 
A drop of this blood Nvhen added to the 1 per cent acetic acid usually used for leucocyte counts 
gave a rather muddy precipitate, and microscopic examination of this precipitate showed 
clumped red blood cells which could, however, be separated by pressure on the cover slip. A 
drop of blood was placetl in 2 c.c, of 0.85 per cent sodium chloride solution. The red blood 
cch", for the most part, appeared perfectly normal microscopically, but a few of them were 
bowl shaped. A drop of blood was placed in 2 c.c. of distilled water. litany cells, of course, 
liemolyzed; but some cells did not liemolyzc even after about fifteen minutes, and examination 
of these unhemolyzed cells showed nearly every one to be bowl shaped instejid of the usual 
liiconcare disc. Since this type of cell has been deseiibedi and shown to have decreased 
fragility or inci cased resistance to hypotonic solutions, it .sscemed possible that the cells in 
diis Cape might also lie abnormally resistant to acetic acid. Accordingly, attempts were made 

•From tlie Pathology Laboratories, Methodist HospUal ot Central Ilhnois, Peoria, 111. 
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to count leucocytes using stronger solutions instead of 1 per cent acetic acid. Witli 2 per cent 
acetic acid a small amount of debris was still noted^ enough to interfere with a relialdo 
leucocyte count; n-ith 3 per cent acetic acid used as diluting fluid, the field was clear and a 
leucocyte count could be made without difficulty. During the remainder of the patient’s stay 
in the hospital white blood cell counts were made daily, using both 1 per cent acetic add anil 
3 per cent acid as diluting fluids. On August 16, 3 per cent acid was required, hut on August 
17 and on succeeding days, it was possible to make the leucocyte count with the usual 1 per 
cent acid. 

In the meantime the patient’s erythrocyte count rose slowly, and on August 22 she was 
discharged from the hospital with a count of 3,200,000. The patient’s blood type was type 0. 

Only a few' additional tests were performed in the interval during which the increased 
resistance to acetic acid was demonstrable. The fragility test was inconclusive, for it was not 
read until twelve hours after its performance, and it is possible that if it had been read 
earb’er it might have shown more striking results. On August 16 hemolysis was begun at 
0A4 per cent sodium chloride and was complete at 0.32 per cent, a result not strikingly dif- 
ferent from the normal and one wJiich was not expected after the e.xperiments with distilled 
wafer. Before the patient’s discharge from the hospital a second test demonstrated hemolysis 
to begin at 0.46 per cent and to be complete at 0.36 per cent. Hence while the first te.st was 
at the lower limit of normal, there was a sti-iking shift simultaneous with the change in 
resistance to acetic acid. 

A galactose tolerance test was normal. The icterus index was 3, and cholesterol in the 
blood was 205 milligrams per cent. 


The fragility of erythrocytes seems to be correlated with the shape of the 
cell. It is possible to devise a purely mechanical explanation w’hich, at first 
glance, seems to fit the facts; hut there seems to be some doubt as to whether 
tJiis type of explanation is completely satisfactory. A spherical cell should he 
able to swell only slightly without disruption, and consequently will hemolyze 
in slightly hypotonic solutions. The normal biconcave disc can perhaps be con- 
ceived of as a partially collapsed cell and should have a greater capacity for 
taking up fluid than the spherical cell ; this, of course, is exactly what happens. 
A bo^Yl-shaped cell, such as that described by Barrett,^ should have au e\cu 
greater capacity for absorbed fluid and, therefore, a greater resistance to Inpo- 
tonic solutions. The experiments of Barrett seem to show that these cells aie 
resistant to 0.30 per cent sodium chloride and even lower concentrations, an 
my rough experiments with distilled water in this ease seem to bear out this 


supposition. 

The resistance of the cell to acetic acid, however, cannot be explained 
on this purely mechanical hypothesis and suggests that while the shape o w 
cell is definitely of importance, the physical and/or chemical structure o 
cell also varies and is of importance. It is desirable that we know n 
si-stances to acid and to hypotonic solutions are parallel. The older wor' 
to indicate that resistance to hypotonic solution and to other hemo 3 tic 
are parallel,^ but Dameshek and his co-workers® suggest that there ina 3 le 
ferential fragilities.” Mason and Rockwood^ found fragility to an 3 ' 
agent to vary with the h 3 'drogen-ion concentration. Furtbermoic, tie possi . 
of the reversal of hemolysis,® as well as other experiments, .suggests la rup 
of a cell is not even a necessary part of hemo] 3 'sis. 

The bowl-shaped cell described assumes a 
knevn as the target eell,- This is due to a character, st.c ...dcatot.on eh, cl. fate 
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lilacc during the dryiiifi of flic cell, so tliat there is a central zone of hemoglobin- 
containing material, a midzone of little or no hemoglobin, and a peripheral zone 
again of hemoglobin. In our case, about 1 i>er cent of the cells in dried stained 
smears show this eharaeteristie target appearance. 

Inquiry among our technicians disclosed two previous instances in onr 
laboratory in which it was not po.s.sible to perform tbc leucocyte count because 
of "debris.” In both cases the plienomemm wa-s transitory, lasting in one ease 
one day, in the other, two day.s; hut nothing uas done to trace the cause of tlie 
phenomenon in these previous cases. The 1 1 ansitoriness of the increased re- 
sistance to acetic acid suggests tliat it ma' in'ien be missed when repeated leuco- 
c>1e counts are not performed. 

SUM \l IRY 

A case is reported in wliieh, for a jieriod of three days, it wa.s not possible 
to perform a lenoocylc count using tl .■ usn.il I per cent acetic acid as diluting 
fluid. It was, however, possible to m.iKo this count if 3 per cent acetic acid was 
used. 

The cause for the difficulty in perl'ormiug the leucocyte count was the 
marked increased resistance of tlic erytliroci tes to acetic acid. The erythrocytes 
were also hyperresistnnt to hypotonic salt solution, and for a short time some 
of them were not liemolyzcd oven by distilled water. 

The hyperresistant cells were howl shaped in wot smears. Probably corre- 
sponding to these, target cells were noted in dry smeai’s. 
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Some rabbits will rcmaiu quiet with little or jjo restraining and it is an 
easy matter to get into a vein and to stay in, but it is more partietilarly for 
tliosc many other rabbits that are not so docile that this metliod is most useful. 
Also, where oft-repcated in.icction.s are done, the veins can be kept in better condi- 
tion by the more ca.sy and accurate venepunctures; furthermore, use is permitted 
of more and smaller veins. 

'Wlicn a rabbit moves liis cars so vigorously that it is difficult to keep the 
needle in the vein, the needle can nsnaliy be kept in position by holding it and 
the ear of tlic rabbit togetlier by pressure with the tluimb on the bub of the 
needle against the fingers below the car, and at the same time pulling slightly 
on the car. 


CtBIPOSlTION TUBEtl AS A SUBSTITUTE FOR GLASS IN THE 
ISOLATION OF SPORULATING ANAEROBES 

Robi) Spalding Spray, Pii.D., Morgantown, \V. Va. 


E XPEUIJIENTS have been conducted for .some time witli the cultivation of 
spornlating anacrolies in tulics constructed of substances other than glass. 
Experiments thus far conducted seem to warrant a brief report, together with 
continued investigation. 

The cai'ly experiments were oondiieted with small, spiral!}’ wound eelltiloso 
tubes, sold widely under the name of “Glassips.” These were plugged with 
cotton at the upper end and sterilized in large glass tulics by baking at 160“ C. 
for three hours. No c.xteusivc alteration of the tubes was effected by this 
heating. 

Customary culture dilutions were made in melted tubes of suitable anaeroiio 
agar. Each dilution was drawn up into separate pipettes {“Glassips”) to a 
height of about 10 cm. The lower tip of each pipette was then dipped into a 
dish of sealing wax kept .I'nst aliove the melting point. These pipette cultures 
were then incubated at 37“ C. as usual. 

In these tubes we successfully cultivated Cl. perfringens and Cl. tertimn. 
Cl. sporogciic.s, a much more strict anaerobe, grew only intermittently, and gave 
many failures. Cl. bohilinttm type A did not gi-ow in any trial. 

While this established the principle, it seems that these very thin-wallcd 
tubes do not maintain a sufficient degree of anaerobiosis to warrant their u.se 
for the purpose desired. 

We next experimented nith a larger and thicker-walled tube, sold com- 
niercialiy as a container for toothbrushes. This tube is of test tube construc- 
tion, and is about 15 cm. in length and 2 cm. in diameter. It is composed, 
presumably, of some form of eclhilose. This tube was plugged and baked. 
Melted wlicy agar was inoculated with Cl. beijerinebii and poured into the 
composition tube, hardened, then incubated at 37° C. Within twenty-four 
imiivs the colonies were visible to the naked eye. 

Received for publication, November 4, 1940 
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A contiol culture in a glass tube showed much more vigorous growtli aiul 
extensive gas formation, while gas did not appear in the composition tube until 
after forty-eight hours. It ivas noted also that, in the composition tube, the 
colonies developed chiefly in the center of the agar colimni, not approacliing 
closer than about 2 mm. from the wall of the tube. We presume from this 
either that the material in the wall of this composition tube is not an absolutely 
effective seal against oxygen, or that possibly some toxic agent may diffmse 
slightly from the wall into the medium. The former suggestion is the more 
probable explanation. 

However this may be, the plastic tube served effectively to grow, in a deep 
agar column, an anaerobic organism Avhieh consistently offers difficulty in ordi- 
nary plate isolation. 

The chief adimutage of this proposed method of cultivation is that the 
colonies may be reached directly through the wall without cracking the tube, 
as is the usual procedure ivith glass tubes, or by slipping out the agar column, 
as is the ease ivith the use of the Burri tube. Both of these methods offer op- 
portunity for contamination unless the tube contains only a single species. 

The Avail of the composition tube may be Avashed Avith suitable disinfectant 
(it cannot be flamed), and a dissecting needle is heated to red heat. It is then 
easily and instantly inserted through the Avail of the tube opposite the desired 
colony. A Pasteur pipette tip is heated and draAA'n to a fine capillary. This 
tip is snipped off and inserted through the hole into the colony. The semifluid 
colony contents can be observed to enter the capillary, Avhich is then inserted 
into a tube of suitable sterile culture medium and tapped to break off the tip. 

We are noAv seeking a variety of sizes of tubulatures of similar resin com- 
pounds, and hope to report more extensive experiments in the near future. 
ITorsfalP has recently reported the use of celluloid tubes for the preseiwation 
of frozen viruses. We belicAm that similar composition tubes may offer a new 
and effectiAm means of anaerobic isolation, as applied especially to certain 
species Aiffiich do not respond readily to the usual plating methods. 

It may be added that this principle has been applied experimentally to plat- 
ing, using the original Koch mica sheet coA'er idea, but substituting flat sheets 
of cellulose. We must admit that, thus far, the results are only impel feet } 
successful. Only Cl. perfHngens and Cl. terthim have re.sponded. We be leie 
that thicker sheets of cellulose, together Avith greater depth of agar in t >e 
plates, may giAm more satisfactory I’esults. At least the preliminaiy lesu 
appear to AA’arrant continuation and modification of the experiments. 
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INEXPENSIVE SPEOIPIC fiRAVITY APPARATUS* 


Huri.ey L. Moti.ev, Ph.O., M.D., Coi.umbia, Mo. 


D uring tho past few years the determination of specific gravity by a more 
aeeurnte technique, siicli a.s the falling-drop method of Barbour and Hamil- 
ton,' has increased tremendously in popularity. In many cases the specific 
gravit.v of the hlood gives the essential information that much more time- 
consuming and costly albumin and globulin determinations convey. The mctliod 
is simple and can bo performed readily in a doctor's office in a few minutes, 
thus obtaining the results without delav and with very little inconvenience for 
the patient. In tho medical school curricnlnm the stnderrt should he taught how 
to use thi.s equipment, and the significance of such determinations with regard 
to blood, serum, urine, and body fluids. The chief drasvhaek has heen the ex- 
pense involved in providing the high-prieed manufactured ovitfits in sufficient 
numbers as routine physiology and pharmacology laboratory equipment for 
regular classroom use. 


An inexpensive satisfaetoiy specific gravity apparatus was devised, using a 
regular 2 liter unruled graduate cylinder as the container, for this holds suffieient 
water so that temperature does not flnetuate excessively. Two circular discs 
of sheet brass, %4 inch thick, were cut to fit the graduate cylinder, with just 
enough play so that removal from the container was easy. Four holes were 
drilled into each disc (Pig. I) for the glass tnbes,! with a bore between 7.45 and 
7.55 mm., as described by Barbour and Hamilton.' A central hole was drilled 
in each jnst large enough to allow a brass rod, J/j inch in diameter, to pass 
through. One brass disc was then soldered flush with the end of the brass rod, 
and the other disc was .soldered on the rod so that tho distance was 2 ^^ inches 
from the top of the cylinder, when the firet disc was placed on the bottom inside 
the container. The four holes in each disc were lined up in proper position at 
the time of soldering, one above the other, so that the glass tubes were held 
m a true vertical position. The central brass rod was cut off 1% inches above 
the upper disc and used as a handle, and the grip was improved by fitting a 
round nut on the end. Three legs were made from tho brass I’od and attached 
to the lower hra.xs disc by drilling proper .size holes a.s close to the outside edge 
as possible and soldering them in place. Each leg was made an inch long and 
spaced equally distant, one from the other. Two small holes were drilled in the 
"pper disc, one on each side, between the holes for the glass tubes, each for a 


jj{ggQ*^^^the^pepartment of Physiology and Pharmacology', School of Medicine, Unls'ersity of 
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eaph Vabe should he about Tift cm. long and the bore -must be catelully cheeVed at 

tend «ii b’lthln the prescribed dimensions. The tubes are marked with lines that ex- 

dron / ti- ® around exactly 30 cm. apart, which is the distance used m determining the 
time with a stop watch graduated in onc-tenth seconds The tube can be cleaned 
II the lower end is left unsealed and closed ■with a cork. 
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long stem centigrade thermometer. A small brass holder witli a piece ol l)rass 
placed through the open ring on the upper end was used to hold the thermometer 
in place (Fig. 2). Thus the thermometers were placed in a convenient position 
for reading and for accurate determinations of tlie temperature. Small brass 
rings, 1/16 inch wide, were placed around the glass tubes, containing the 
xylene-hromhenzene mixture, exactly 30 cm. apart from inside edges. These 



Pig. 1. Fig. 2. 

Fig. 1. — Photograph of staud for Iiolding specific grayitj tubes in place. 

Fig. 2. — Photograph of stand in glass graduate containing sp 

increased the accuracy of stop watch readings of ‘Irop falh^ 
plain scratch marks on the glass. All the apparatus p ace n 

uate (see Fig. 2) can be removed together at equipment, 

cleaning the tubes and refilling easy, or convenient tor stoi . 

The rigid support holds the glass tubes firmly and s^uielj 

are four tubes containing four different xylene-brombenzcne nnxtui . 

insuring an adequate range. f<,Uhrie/ has been 

A one-handed controUed pipette holder, 10 c.mm. pipctte 

vei-j- satisfactory in this laborator,- for a pcrfcclly 

for mcasnving the sire of the drop. A good techmc.an 
satisfactory holder at a very low cost. 
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The total cost of iiarls for this apparatus for the department at Columbia, 
Mo., wa.s le.ss than .^2.00, exclusive of the labor, stop rvateh, thermometer, and 
pipette. The laboratory Icehuiciaii .i.ssemblcd the parts ivithout difficulty. In 
case of breakage of the gla.ss cylinder, the apparatus could be transferred to 
another quickly. Using the foregoing method for constructing the apparatus, 
one such piece of equipment can be supplied each four or five students without 
excessive cost, and accurate results can be secured for research as well as for 
teaching purposes. In many instances the specific gravitj' determinations 
training would be verj- valuable, for probably the specific gravity of the blood 
would be obtained in many cases rvliich otherwise would be neglected if it were 
necessary to obtain total protein or albumin-globulin determinations. 
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THE TECHNIQUE FOR THE ISOLATION OF BRUCELLA 
FROM HUMAN BRUCELLOSIS' 


JIary a. Postox, M.A., Durham, N. C. 


INTRODUCTIOX 

'T'OE isolation of Brueelln from human sources offers considerable diffioulty. 

Various tnethods have been described,' all of ivliich must be modified at 
times, depending upon the source of the material which is being cultured.*'" 
The procedures de.scribed here have been developed for routine use in the biologic 
division of Duke Hospital for the isolation of Brucella from blood, bile, lymph 
nodes, joint fluid, spinal fluid, feces, urine, and necropsy specimens. 

METHODS 

Riood.— Fifteen cubic centimeters of the patient’s blood are introduced in- 
to a flask containing 4 e.c. of 2.5 per cent sodium citrate solution. Two cubic 
centimeters of the citrated blood are added to each of four deep tubes (15 o.e.) 
of molten liver infusion agar, cooled to 40“ C. for pouring plates. Two cubic 
centimeters of blood are added to each of two flasks containing 100 e.e. of beef 
infusion broth, pll 7.4. Half of the cultures are incubated in the presence of 
10 per cent earbon dioxide. 

All cultures are examined daily. After the first forty-eight hours’ inenba- 
bon, if no colonies are visible on the plates, 5 e.c. amounts of the supernatant 
inoth are transferred from the flasks to sterile centrifuge tubes. After cen- 
trifuga lization at high speed for fifteen minutes, tiie supernatant fluid is di.s- 

the Department of BacterioloKy. Duke Universitj' School of Medicine, and Duke 
nojspitai, Durham. 
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carded, a loopfnl of the sediment is streaked over the surface of a liver infusion 
blood agar plate, and on a slide for a stained smear. The flasks are then shaken 
to mix the blood and broth, and 10 e.e. of this mixture are transferred to each 
of two flasks of fresh broth. 

The colonies of Brucella in a poured plate containing blood resemble tho.se 
of Strep, viriclans, if such colonies are deep in the medium. After further in- 
cubation, especially if growing to the .surface, the colony appearance resembles 
more closely that of E. typhosa. The colonies are picked and streaked over the 
surface of a liver infusion blood agar i>late. The transplants are incubated 
under the same conditions as the original cultures. This procedure is repeated 
at two- to three-day intervals, until sufficient growth is obtained for identifica- 
tion. Blood cidtures for Brucella should he kept for eighteen days before being 
reported as negative. 


After there is sufficient growth, tubes of dextrose, lactose, maltose, man- 
nite, sucrose, and plain beef infusion broth, pH 7.4, are inoculated. A non- 
motile gram-negative eoceobacillus, which ferments none of the carbohydrates 
and is agglutinated by antibrucella serum is diagnostic of Brucella. The bac- 
teriostatic I’eaction of dyes® and agglutinin-absorption tests’ are used to differ- 
entiate the species of Brucella. 

These cultures may be supplemented by the inoculation of 2 c.c. amounts 
of the citrated blood into the peritoneum of each of two guinea pigs. The 
animals are kept for three months if necessary before they are killed. The spleen, 
liver, peritoneal fluid, and lymph nodes (if enlarged) of the animals are cul- 
tured for Brucella. 

Bile From Duodenal Drainage. — The “B” bile is used for culture. One- 
tenth cubic centimeter of bile is added to each of four tubes containing 10 c.c. 
of beef infusion broth, pH 7.4, and the same amount of bile is streaked oiei 
the surface of each of two liver infusion blood agar plates. Half of the cu - 
turcs are incubated in the presence of 10 per cent carbon dioxide. 

The cultures are examined daily after the first forty-eight hours incuba 
tion. If the broth tubes are cloudy, 5 c.c. amounts are transferred to sten c 
centrifuge tubes. After centrifugalization at high speed for fifteen mmu es. 
the supernatant fluid is discai'ded, and a loopful of the sediment is stiea'e 
over the surface of a liver infusion blood agar plate. A smear of the se 
is made and stained by Gram’s method. If the broth tubes are not c ou , 
1 c.c. is transferred to tubes of fresh broth, and after forty-eight houis niei 


tion, the procedure just described is repeated. 

On the streaked plates after twenty-four to seventy-two houis^ ineu ’ 
the colonies are barely visible to the naked eye, appearing 
parent colorless drops. Microscopically, these are made up of sma none 
istic gram-negative bodies, and one not familiar with the gioiv^ i la ’ ^ ^ 

cello may not identify this organism. However, after trans eiimg o * 
infusion blood agar and incubating for twenty-four to^ oity eig • j,, 

colonies are larger and more numerous, and the organism is gg 

,l.e Oram-, stain. The transplants are incubated under 
the original cultures. This procedure is repeated at two- to tl y 



POSTOX : ISOLATION OP BRUCKLLA 


1963 


until tlicre is sufficient growth for conipletnijr the identification. The cultures 
skouJdh( Icpt for fourteen days he.forc then ate reported a^s negative. 

Lymph Xodcs . — Lymph nodes removed by biopsy are cut immediately into 
small pieces ‘with sterile scissors. Pieces of the node are streaked over the 
surface of two liver infusion blood agar, or Xorth's gelatin blood agar, slants, 
or plates. One slant or plate is incubated in an atmospliero of 10 per cent 
carbon dioxide. If slants are used, the upper portion of the tube is heated in 
the flame to expel the air, which is tlien replaced by blowing the breath into 
the tube through a sterile plugged pipette, and inserting immediately a sterile 
rubber stopper. By this procedure a concentration of approximately 10 per 
cent carbon dioxide is obtained. 

The cultures are examined daily. The first evidences of growth are tiny 
colonies resembling droplets of moisture, which may appear after forty-eight 
to seventy-two hours’ incubation. Stained smears from these colonics show 
mtrtuh (occoid bodies u'ith indefinite outlines. Transplants are made to fresh 
media every two to three days after the first seventy-two hours' incubation, 
(Vinihnrjh there may he no visible growth. After one or two transplants the 
colonies are larger and stained smears show the usual coccoid or bacillary 
forms. The organism is identified in the usual manner. The cultures are hept 
for (ftrcf weehs before they arc reported as negative. 

The remaining portion of the lymph node is ground in a sterile mortar, 
to^hich are added 2 c.c, of sterile physiologic saline. One cubic centimeter of 
thismlxture is injected into the groin of each of two guinea pigs. The animals 
arc followed in the same manner as those injected with blood. 

' hint Fluid . — The fluid should be planted at the bedside, and it is essential 
fiifilhe medium used should be warmed to body temperature bofoi’e it is used 
for inoculation. Two-tenths cubic centimeter of fluid is streaked over the sur- 
faeeof each of four liver infusion blood agar slants, and the same amount of 
iiH'Jisput into each of two tubes eoiitainiug 10 c.c. of beef infusion broth, pH 
'd Two of the slants are incubated under increased carbon dioxide tension. 

The cultures are examined daily, using the same routine as for lymph node 
cultures. Cultures of joint fluid are hept for three weeks before they are rc- 
portaj as negative. 

Spinal Fluid . — One cubic centimeter of a 1:100 dilution of inactivated 
Pdvvalent antibrucella rabbit serum is mixed with 5 c.c. of spinal fluid 

incubated at 37° C. for thirty minutes. After incubation the spinal fluid 
mixture is centrifuged at high speed for fifteen minutes, and 0.2 c.c. of 
tJie sediment is planted on each of four liver infusion blood agar slants, and 
into each of two tubes of beef infusion blood broth, pH 7.4. Two of the slants 
2nd 1 tube of broth are incubated under increased carbon dioxide tension. 

The cultures are examined daily. Tlie same routine as for lymph nodes 
loused for the blood agar slants, and the technique for the bile cultures is used 
for the broth cvillures. 

Feces . — ^About 1 Gm. of feces is mixed Avith 50 e.c. of sterile saline and 
shaken Avith a feAv sterile beads for fiA'e minutes. This suspension is filtered 
through four layers of sterile gauze into a sterile centrifuge tube. If the pa- 
tient has agglutinins for Brucella in his blood, 0.5 c.c. of his inactiA-ated serum 
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IS added to the filtrate. Diagnostic serum -without preservative i.s used if {Isc 
patient does not have agglutinins. This mixture is placed in the kehox over- 
night, and the next morning it is centrifuged at second speed for two nihnife.s. 
The supernatant fluid is discarded, the sediment is resuspended in 10 c.c. of 
sterile saline and reeentrifuged. This procedure is repeated three times. After 
the last centrifuging, the sediment is resuspended in 5 c.c. of beef infusion 
broth, pH 7.4. A loopful of this mixture is streaked over the surface of four 
eosin methylene blue and two liver infusion blood agar plates. One cubic 
centimeter of the suspension is put into each of two flasks containing 100 c.c. 
of beef infusion broth, 2 )H 7.4. Half of the cultures are incubated in the pres- 
ence of 10 per cent carbon dioxide. 

The cultures are examined dailj^ after the first forty-eight hours’ ineuba- ' 
tion. The colonies of Brucella resemble those of S. di/senferiae on the cosin 
methylene blue agar plates. These colonies are ti’ansferred to liver infusion 
blood agar slants. When there is sufficient growth, the organism is identified- 
in the usual manner. 


After the first fortj^-eiglit hours’ incubation, the broth cultures are cen- 
trifuged. and the sediment is streaked over the surface of two liver infusion 
blood agar plates. Each of two flasks are inoculated with 1 c.c. of this sedi- 
ment, and incui)ated for forty-eight hours, at which time the procedure is 
repeated. The transplants are incubated under the same condition as the 
original cultures. Cultures of feces for Brucella should be kept for one wcih 
before they are reported as negative. 

Urine . — A fresh specimen of urine is centrifugalized at high speed for 
fifteen minutes. The supernatant fluid is discarded, and the "sediment is used- 
for culture. One-tenth cubic centimeter of the . sediment is streaked over the • 
surface of each of two liver infusion blood agar plates. One plate is incubated 
in the presence of 10 per cent carbon dioxide. When present, the orgauism.s 
grow readily, producing typical colonies containing characteristic coccoid oi 
bacillary fomis. After forty-eight hours’ incubation, if typical colonies are 
not present, tiamsplants are made to blood agar plates at two- to threeAaj 
intervals. The cultures are kept for ten days before they are reported as negatni- 


Necropsy . — Cultures should be made as soon as possible after death. The 
surface of the liver, spleen, and kidneys is seared, and a small piece of tissue . 
is removed with sterile scissors (a separate pair of scissors for each organ 
If irossible, axillary and mesentery lymph nodes are obtained. The small pai^ ■ 
tides of tbssue are rvashed through a series of three Peti'i dishes contamni,. 
sterile saline, and then jja.ssed through the flame to remove any suiface coi 
taminant.s. The material is ground in a sterile mortar with sterile san , 
which are added 2 c.c., beef infusion broth. One-tenth cubic centimeter o m , 
suspension is streaked over the .surface of each of two liver infusion j oo( < r* 
plates, and incubated in the usual manner. The lymph nodes are cu ure 
described previously. 
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DISCUSSION' 

The eiilliii-es should be examined daily, and transplants of broth cultures 
should be made to fresh broth at two- to three-day intervals. A Gram’.s .stain 
of the broth may not be very conclu.sivc, unlc.s.s the e.xaminer is acen.stomed to 
looking at .stained smears of the organi.sm. When colonie.s on solid media first 
become visible to the naked eye, they appear as minute, transparent, colorless 
drop.s on the surface. TraitftpJanis shouUl be made to fresh agar at two- to three- 
day intervats even though there is no visible growth. Brucella will not grow on 
dried agar, so, unless transptant.s are made to fresh, moist media, the colonies 
will not increase in size and the organism will disappear. AVhen trying to isolate 
this group of organisms, it is very important to recognize growth wlicn it first 
appears and to be able to distingui.sh between organisms and artifacts in the 
stained smear. 

When organisms are present in small numbeis, as in the blood of patients 
with the chronic form of bruccllo.si.s, and in I.vmph nodes. Brucella ma.v be re- 
eovered occasionally from guinea pigs when the cultures are negative, 

CON'CLUSION'.S 

The cultural methods for the isolation of Bnicella from various jiarts of tlie 
body are described in detail. E.spccial empha.sis is laid upon the necessity of 
recognizing microscopically the very .voting forms of Brucella, and upon the 
study of the cultures for several weeks, if necessary. Disregard of these two fac- 
tors may result in failure to demonstrate existing organisms. 
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A NEW OBJECTIVE CIRCULATION TIME TEST 
(FLUORESCEIN METHOD) « 


David B. Fishback, M.D., Philadelphia, Pa. 


A NEW method for estimating the speed of the circulating blood has been 
done on rabbits and on people. To date, the only reliable simple methods 
for determining complete circulation time are subjective in nature. A sub- 
stance is injected into the antecubital vein of the arm, and the time is noted 
when the patient states that he tastes something bitter, burning, hot, etc., depend- 
ing upon the substance used. Various substances have been suggested for deter- 
mining the arm-to-tongue time. Decholin,’ saccharin,- calcium gluconate,^’ ^ 
and magnesium sulfate' have been used. One must take into account inac- 
curacies in such a method. It cannot be used in small children, comatose 
people, or anesthetized patients. It would, therefore, be more accurate to have 
an objective method whereby a dye could be injected into the arm and the time 
noted when the dye appeared in the tongue, eye, etc. 

I decided to use a very fluorescent substance, because even in high dilutions 
the color could be noted by the use of an ultraviolet machine with a filter 
(Woods filter). The ultraviolet machine was a water-cooled mercury quartz 
lamp (Kromayer lamp). Young male white rabbits, weighing 6 to 10 pounds, 
were used. With the rabbit’s head projecting through an opening in a box, 
one assistant injected the fluorescent substance intravenously into the marginal 
vein of the ear, while another started the stop watch. Then the light switcli 
was turned off, making the room completely dark. The light from the ultra- 
violet machine was directed toward one of the rabbit’s eyes, and the conjunctiva 
and iris were noted to have a purplish hue. Suddenly a yellow color appeared 
on the inner margins of the eyelids (conjunctiva), and bright yellow vertical 
lines spreading into tiny branches were noted in the iris. This occurred simul- 
taneously with a yellow color on the mucous membranes of the lips. There would 
thus be a sudden sharp end point to stop the stop ■watch. The time that elap.sed 
between the rapid intravenous injection into the marginal vein of the eai, the 
passage of the substance through the right side of the heart, to the lungs, 
back to the left side of the heart, out through the aorta and to the periphery 
Avhere it was best noted in the eye, was observed. 

In rabbits I used the following fluorescent substances: 1 per cent aendme 
orange, 1 per cent flavophosphine, 1 per cent phosphine, 0.5 per cent acii a\mc, 
0.4 per cent indigo carmine, riboflavin, and 1, 5, and 10 per cent fluorescein. 


RESULTS 


2 c.c. 1 per cent acridine orange — Usually faint yellow reaction, but occa 
sionally good yellow reaction. 

1 c.c. 1 per cent flavophosphine — Poor yellow reaction. 

^his work w.is done at the Jewish Hospital. Philadelphia, with the aid of the Jeai 
pital Kesearch Fund. 

Received for publication. December 16, 1940. 
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2 c.c. 1 per cent flavophospliinc — Good yellow reaction. 

2 c.c. 1 per cent phosphine— Pair yellow reaction. 

2 c.c. 0.5 per cent aeriflaviiic— Good yellow reaction. 

2 e,c, 0,4 per cent indigo carmine— No color reaction. 

2 c.c. riboflavin — Very faint yellow reaction. 

2 c.c. 1 per cent fluorescein — Very good yellow reaction. 

1 c.c. 5 per cent fluorescein — Very good yellow reaction. 

1 e.c. 10 per cent fluorescein — Brilliant yellow reaction (best). 

Therefore, lluore.secin gave the be.st color reaction, being the most intense 
yellow when noted in the eye. Since sodium flnorescein is more soluble than 
fliioreseein, the former was used to make up a 10 per cent .solution. Acriflavine 
appeared to be the next best. 

The circulation time test wa.s done in over 70 instances, although the same 
rabbits were used on snecessivc days or weeks. The same rpbbit could even 
be u.scd about one liour after the tc.st, since much of the dye would disappear 
from the eye in that time. The circulation time in rabbits averaged between 
five and six seconds. Occasioinilly, it would be as low ns 4% seconds or a.s 
high as .seven seconds. 

In rabbits, 2 e.e. of 5 per cent sodium fluorc.sccin injected intravenously gave 
a slight yellow reaction in the inner margin.s of the eyelids at the end of eight 
seconds, using ordinniy dn.vlight and no ultraviolet inacliinc. However, the end 
point was not sharp. Therefore, for this experiment it is advisable to have an 
nltraviolct machine, a filter suited for fluorescence, and a room that can be 
made daih by turning off the light switch. 

A 1 e.e. tuberculin syringe and a No. 24 gauge needle were used in the rab- 
bits, since this was found to consume less than onc-iialf second for intravenous 
injection. 

The 10 per cent sodium finorcsecin .solution in distilled water was auto- 
claved for fifteen minutes, a sample was cheeked for sterility and toxicity by 
inoculation into a rabbit, and then used for intravenous injection in human 
beings. The circulation time was then noted to be llff, seconds, 12 seconds, 
etc., in normal people. This was done in seven cases. There were no toxic 
reactions noted and no change in temperature, pulse rate, and respiration. 
A 5 e.c. .syiinge and a No. 21 or IS gauge needle were used in man, with 4 c.c. 
of 10 per cent sodium fluorescein injected intravenously. In several additional 
eases, 3 e.e. of 20 per cent sodium fluorescein was used intravenously and gave 
even a better color reaction. There were no untoward reactions. By' pulling the 
lower eyelid down and directing the ultraviolet light toward the conjunctiva 
lifter the substance was injected intravenously, a sharp yellow end point could 
lie noted. 

SUHIMABY 

A new objective circulation time test is presented, and after using various 
uorescent substanec.s, it was found that in rabbits the following technique was 
ivst. Using a 1 e.e. tuhereuliu s.vringe and a No. 24 gauge needle, 1 e.e. of 10 
per cent sodium fluorescein was injected into tlie marginal vein of the eai'. The 
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stop watch was started, the light was switched off in the room, the ultraviolet 
light plus filter was directed toward the rabbit’s eye, and the stop watch was 
stopped immediately upon noting a brilliant yellow color in the iris of the eye. 
Simultaneously, the conjunctiva along the inner margin of the eyelids would 
become a brilliant yellow. 

The average circulation time in rabbits was five to six seconds. 

A similar test is being done in human beings, using 4 c.c. of 10 per cent 
sodium fluorescein or 3 c.c. of 20 per cent sodium fluorescein. 

I wish to thank Doctors Follweiler, S. Guttman, I. Wolman, and Miss Spear for tlicir 
valuable assistance. 
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THE PHOTOJrETRIC nETERSIINATION OP SUGAR IN BIOLOGICAL 
FLUIDS BY PEKRICYANIDE REDUCTION® 


Abraham Saiker a.vd Fi.orexce Valexsteix, jAjrAiCA, L. I., axd 
James P. Hughes,! New York, N. Y. 


W ITH the advent of photomoti-j- or ‘■photoelectric colorimetry” into hio- 
c!icmic,'il analysis, numerous papeix have heen published on the photometric 
determination of sugar. Yet none of these methods lias been so successful from 
the point of speed, precision, and i-epi-odncihility ns (o aid in supplanting tiie 
visual methods used at present. \Vc feel that this jiaper meets such a need 
for tlic routine clinical analysis of sugar in biological fluids, 

Photometi'ic methods for .sugar arc in the main adaptations of existing 
copper or ferricyanide methods. Of the copper methods, modifications of the 
original PolinAVu' have been the most popular. This method has been investi- 
gated by Sanford, Slieard, and Osterberg,® and by Fioi’entino and Giannettasio.®' * 
We have eai’cfully investigated both the Folin-Wn and the Benedict* methods 
with a view to their possible adaptation to the photoelectric colorimeter. It was 
found impossible to obtain ebecks on runs performed from day to day, using 
the same set of reagents. Accurate results could be obtained only if a sufficient 
number of standards were run with each unknown, or set of unknowns, to allow 
for the plotting of a new calibration curve. An inliercnt advantage of ferri- 
c.vanide methods is the greater stability of the reduction product, ferrocyanide, 
over the reduction products of the copper leagents. Therefore, photometric 
ferricyanide methods wci-e then investigated. Hoffman* has described an adapta- 
tion of the ferricyanide fading method of Hawkins and Van Slyke.' The method 
lias been found to give good results which are i-eproducible from day to day. 
The disadvantages of the method are; (1) an additional quantitative mea.snre- 
ment is required, i.e,, the ferricyanide in addition to the filtrate; (2) the spread 
IS small, being only 30 divisions for a difference of 200 mg. of glucose per 100 c.e. ; 
(3) the method is least sensitive at low sugar values and the most sensitive at 
high values. 

The Polin-Malmros® ferricyanide coloi'imctrie method has been found to be 
particularly suited for raierosugar methods becau.se of the intense blue colors 
obtained for small amounts of biological fluids. This method has been adapted 
ii’o photoelectric colorimeter by Jonrdonai.s,'’ using the original procedure 

jtlie Chemistr>' Division of the Department of Pathologj'. Queens General Hospital, 

tPresent address: Chemistrj' Department. College of the City of New York, New York. 
Received for pubiioation, April 8. J941. 
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except for a longer lieating time. This author finds that the colors produced do 
not follow Beer’s lair and give incomplete recoveries for added amounts of ])iuc 
glucose. A special correction curve is required to obtain correct results, irarenzi 
and VilJalonga’® also have applied the Polin method to tlie photoelectric color- 
imeter. An advantage of their method is the substitution of lithium and am- 
monium tartrate in place of gum ghatti in the ferric iron reagent. The method, 
however, uses sodium c.yanide in the alkaline reagent. (The undesirable effects 
of sodium cyanide will be noted later.) The method has also been investigated 
by Evelyn, Avbo increases the range of readings by leaving out the .sodium 
cyanide from the carbonate reagent and runs his calibration curve in the pro.s- 
ence of the tungstic acid solution used for the precipitation. The method still 
makes use of the ferric iron-gum ghatti reagent which gives variable blanks. 

A visual method recently described by Klendslioj and Hubbard'® does not 
use sodium cyanide, and substitutes for the gum ghatti an emulsifying agent 
(Duponol) which gives negligible blanks, yet stabilizes the Prussian blue solu- 
tions over long periods of time. 

Tlie last method, with several important modifications, has been adapted 
by us for purposes of photoelectric colorimetiy. For routine sugar analyses tlie 
method has been found to give values that compare favorably in precision with 
the Hagecloni-Jensen''* procedure and in speed of determination with the original 
Folin-Wu procedure. 

EXPERIMENTAL 


A. Reagents. — (1) Perrieyanide reagent: 0.1 per cent of pure, crystalline, 
potassium ferrieyanide (prepared free of ferrocyanide according to Polin as 
given by Peters and Van Sl.yke'“) was dissolved in a 3 per cent solution of 
sodium cai'bonate. The appropriate amount of ferrieyanide was weighed on an 
analytical balance, made up to volume in a volumetric flask with 3 per cent 
sodium carbonate solution, and allowed to stand in a dark closet for several dai .s. 
Any precipitate formed ivas removed by filtering the solution into a glass- 
stoppered, amber reagent bottle before using. 

(2) Ferric iron reagent: Into a liter beaker weigh 5 Gm. of forric^sulfatc 
(Mallinekrodt — analytical grade) and dissolve with Stirling in about oOO ro - 
of distilled water. (Some difficulty ma.y be encountered in bringing the eiue 
salt into solution, but heat mu.st not be used if reproducible resuts aie 
desired with each fresh batch of the reagent prepared.) Add .slowly (a ni. 
of 85 per cent phosphoric acid (reagent grade), stirring constant j. P’ 
cipitate or cloud forms, which quickly dissolves witli the further adc ition o 
phosiihorie acid. An absolutely water-clear solution should non 
which is diluted to 1 liter with distilled w-ater. Now add 16 6m. of 
P.C. (an emulsifying agent sold by B. I. Hu Pont He Ncmouis an o-, 
Chemicals Division, New York, N. Y.) in small amounts, stirring eon-s an j 
complete solution takes place. Remove all traces of turbiditj a , 

solution to stand in an incubator at 37° C. overnight. Add 5 ml. o 5 ^ 

sulfuric acid (reagent grade, sp. gr. 1.84) to repress Ibe i 

salt. The solution is now ready for use and will remain clear a mos 
if kept at room temperature when not in use. 
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(3) Tungstic acid* solution for the preparation of tiio Folin-Wu filtrate: 
Solution A: 6 nil. of concentrated sulfuric acid (reagent grade, sp. gr. 1.84) — ■ 
diluted to 2 liters with distilled water in a volumetric f!a.slc. Solution B: 
111 Gin. of .sodium tungstate (Na,lV0j.3H,.0) arc dissolved in a liter of solution. 

For u.sc, 8 part.s of solution A are mixed with 1 part of solution B. This 
should he prepared fre.sli at least once weekly. 

For whole blood, scrum, or plasma ; one part of whole blood, etc., is mixed 
with 9 parts of the tung.stie acid mixture. Shake. Allow to .stand until the mix- 
ture turns chocolate brown, and filter through a Whatman No. 1 or No. 2 filter 
paper. 

(4) Glucose .standard .solutions ■ (a) A solution of 100 mg. per 100 e.e. 

of pure, dry, anliydrou.s Bureau of Standards glucose was prepared iii 0.25 per 
cent hcnzoic acid .solution, (b) A .solution of glucose containing 2 mg. per 100 
e.e. was prejiared h.v dilution of standard (a) ivith 0.25 per cent benzoic acid. 
1 ral. i.s equivalent to 100 mg. of glucose tier 100 c.c. (c) A solution of glucose 
containing 5 mg. per 100 c.c. was prepared a.s in .solution (b). 1 ml. is equivalent 
to 2.50 mg. of glucose per 100 c.c. (d) A solution containing 10 mg. per 100 c.c. 
was jireparcd ns in ()>). 1 ml, is ecpiivalcnt to .500 mg. of glucose per 100 c.c. 

B. Selection of Color Filter. — The i>roper color filter was selected from 
.spectropliotometrie data, obtained over a range of ghieo.se eoncontrations varying 
from 0 mg. to 400 mg. per 100 c.c., by means of a Coleman double monochromator 
spcetropliotomctcr. Careful .study of the.se data siiowcd that Boer’s law does not 
apply for any of the wave Icngth.s studied. The most satisfactory transmission 
band was found to he in tlic iieighliorhood of 520 mg. Six millimeters of a 
Sextant Green filter — Corning No. 403 (470 to 580 mg transmi.ssion limits) were, 
therefore, used for all iiliotomefrie determinations in this paper. 

C. Description of Instrument and Accc.ssorie.':. — The instrumentt used was 
cssentiall.v the same a.s that dc.scrihed by Evelyn'" with several minor modifica- 
tions so as to make it more .suitable and convenient for the routine clinical 
analysis. 

Tile diameter of the tube lioldor was made smaller so tliat it would accommo- 
date ordinary pyrex test tubes (16 mm. by 150 nim.) instead of the larger .soft 
glass tubes de.seribed by Evelyn. The tubes used in these determinations were 
carefully selected from largo batches of pyrex tubes in the manner described by 
Evelyn^ and were accurately calibrated for 5 ml. and 10 ml. volumes of solution. 
The determinations were performed directly in the tubes, and the colors were 
developed and read in the instrument without transfers. 

The methods as described can be used wifliout change with any standard 
photoelectric colorimeter now on the market that will accommodate a 10 ml. 
volume (or less) of solution, "With minor adjustments in the volumes of the 
sample and the reagents used, the method is readily adaptable to any type of 
photoelectric instrument. For example, by ii.sing two and one-iialf times the 

‘determinations for urea nitrogen are performed in this laboratory by adding a 
aci 7 clt . urease solution to the ivhole blood previous to the protein precipitation. A tunestic 
stronger tlian usual is required to precip.tatp both the excess urease and the blood 
t^roiems in order to obtain water-clear nitrates 

tinn was designed and built bj' Mr. Sidney X. Shore, Radio Engineer of Sta- 

Fjre Department of the Citj’ of New York. 
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quantities of sample and reagents given below, the procedure may he performed 
in regular Folin-Wu sugar tubes, with a final dilution to the 25 ml. mark. The 
color ma.y then be read by means of transfer with photoelectric iiisfriiinents 
u'hich employ optical cells or ungraduated tubes. 

Procedure.~(l) Preparation of the calibration curve: Two-toiitlis 
milliliter of a 1 :4 dilution* of the tungstic acid mixture described above ivns 
pipetted into each of the pyrex photoelectric colorimeter tubes. Known amounts 
of the glucose standard solutions were then pipetted into the appropriate tubes 
using calibrated volumetric pipettes. One milliliter of the alkaline ferricyanide 
reagent was added with a 5 ml. serologic pipette to each tube. Distilled wafer 
was added to bring the total volume to about 4 ml. The tubes were heated in a 
boiling water bath for eight minutes, and then cooled in running water. Five 
milliliters of the ferric iron-DuponoI reagent were then added and the contents 
were mixed. Distilled water was then added up to the 10 ml. calibration mark,! 



Fiff. 1. — Calibration curve for standard glucose solutions for the colorimetric ferriejanide 

method. Corning filter No. 401-6 mm. 


and the contents were mixed by inversion. The outside surface of the tubes vas 
carefully washed and wiped drt' with gauze or lens paper. The tubes were leat 
in the instrument at various time intervals up to sixty minutes against a reagent 
blank set at 100 per cent transmission. The data for the thirt.v-minute intena 
were plotted on semi-logarithmic graph paper and are shown in Fig. 1. 
reagent blank was constant and has a transmission of about 98 per cent agains 
distilled water. 

A summation of the data obtained indicates : (a) The curve follows Bcci s 

law only between 100 mg. and 400 mg. per 100 e.c. of glucose with anj degree o 
lirecision. Therefore, a calibration curve, or a table compiled from such a cmve, 
is a necessity if accurate results are to he obtained, (b) Fluctuations o i 
in the galvanometer readings for standard glucose solutions aie gica cs i 
values below 100 mg. per 100 c.e., and least in values of more than 100 mg. P 


♦The reason for the 1 :4 dilution of the tungstic acid mi-xture Fill be discu 


ipped Inter in tW 

’’'^*’^%lf foaming occurs, a n-ire dipped into caprj-Uc alcohol may be touched to tlic .surface 
the solution in order to facilitate dilution to Uie marK. 





SAIFEB ET AL. : 


rHOTOMETRIC DETEKJilN'ATIOK OF SUGAR 


1973 


100 c.e. (c) Good results can be obtained even for low sugar values if the read- 
ings are taken bet'veen thirty and fort}' minutes after the addition of tlie ferric 
iron reagent, (d) Tlie cliecks ol)fained in the triplicate samples wiiJi the same 
glucose concentvatious arc execUcut. 

Readings on all further detOTnination.s in this paper were, therefore, made 
between thirt.v and forty minutes, and the calibration curve (or a table compiled 
from such a curve) was used to obtain the correct glucose values. 

Anahjfical Vctcniiinntions.— Hiller, Linder, and Van Slyke'' have pointed 
out that the method of Hagedorn-,}cn.sen can be applied to the determina- 
tion of sugar in Folin-lVu tungstic acid blood filtrates with good results. If 
tungstic acid filtrate is used in the Hagedorn-Jensen method (in place of the 
zinc filtrate) from a theoretical point of view, the method should give results 
that are in perfect agreement with the colorimetric ferrieyanide method we 
used. Both methods u.so a similar reducing reagent, i.c., ferrieyanide in sodium 
carbonate solution, so that the reaction products formed in each of the two 
method.s is the .same. The only real difference between the two methods is 
that the Ilagedorn-Jensen method determines the cxce-ss ferrieyanide (which re- 
quires an additional quantitative measurement) by moans of an iodometric 
titration using starch as the indicator, while our method determines the forro- 
eyanide formed directly by mcixns of the Prussian blue color using a photo- 
electric colorimeter. Pujita and Iwatake’® have found that the Hagedorn-Jensen 
method does not give strictly itroportional reduction values over a wide range 
of glucose values, and for this reason they advocate tlie use of their own phos- 
phate buffer. To offset this difficulty, since the original Hagedorn-Jensen was 
used in these determinations, the colorimetric determinations were always run 
first. Aliquots of filtrate were then selected so that the Hagedorn-Jensen values 
would all fall within a very limited range. As an added precaution, a set of 
blanks and a set of standards were run with each series of Hagedorn-Jensen 
titrations. AVith these added precautions, the two methods were found to give 
strietl.v comparable results. 

(1) M’hoh Wood determinations: Tungstic acid filtrate (1:10) of whole 
blood was prepared in the manner described under the preparation of the 
reagents. Two-tenths milliliter samples of the 1 :10 filtrate or 2 ml. samples of 
1 :100 filtrate (where more accurate results are desired) were pipetted into the 
appropriate colorimeter tubes, using calibrated volumetric pipettes. One milli- 
liter of the alkaline ferrieyanide solution Avas then added, and the rest of the 
determination was carried out as given in the foregoing pi-ocedure. The tubes 
were read after .standing for a thirty-minute interval. These determinations 
were run in triplicate for tlie pHrpo.se of comparison with the Hagedorn-Jensen 
procedure. A set of glucose standards was run with each set of unloiowns. 
Recoveries were run on tlie Avhole blood .samples by pooling many bloods together, 
so that a large quantity of blood rvas available. A sample of this pooled blood 
was taken off for anal.vsis in the manner already described. An accurately 
weighed quantity of Bureau of Standards glucose was placed in a volumetric 
flask (100 ml.), the glucose was dissolved in the blood sample, and the solution 
was diluted to mark ivith the Avbolc blood. Tungstie acid filtrates of this blood 
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were tlicn prepared, and tlio sugar then present was cletcimined. The dia'creiice 
between tlie two values obtained gave the recovery of pure glucose by iliis metliod. 

The values obtained by this method for wiioJe blood, their comparison \vith 
the Hagedorn- Jensen (also run in triplicate), and tlie recoveries obtaiued Ip- tliis 
method are given in Table I. 

Table I 


Deterjiikation or Sugar in Biological Fluips 


(Every figure in table represents tlie average of three or more fietorniinationp.) 


j 

PHOTOJtETRIC 1 


GXjHCOSE 

1 GLUCO.se PH0T0.METi;il' 

SAMPLE 

NO. ! 

METHOD j 


,i\DDEU 

[ CALCULATED | 

rorxD 

1 


MIUAGKAMS PER 100 

c.c. 


Whole blood ! 

1 





1 

221 1 

214 1 


i 


2 

71 ! 

75 j 


] 


o 

100 

102 




4 

S7 

85 

200 

287 

279 

5 

54 

51 

100 

154 

153 

6 

124 

120 

50 

174 

171 

Plasma 



j 

1 


1 i 

88 1 

88 




2 1 

48 1 

49 1 



279 

3 

182 

179 1 

100 

282 

4 

69 

70 

200 

209 

20S 

Serum 

1 





1 ; 

54 j 

56 




2 1 

47 

50 



148 

3 

49 

50 

100 ! 

149 

4 ^ 

02 

00 

200 j 

202 

265 

Cerebrospinal ! 






fluid 






1 

54 

50 




2 1 

12S 

133 




3 

S7 

> 85 




4 

04 

i 63 


1 


Urine 1 


i 


1 1 


1 (Normal) 

2 (Normal) 

3 (Normal) 

0 

0 

0 

1 

547 

200 

1 500 

200 i 

! 500 

200 

490 

4 

560 




5 

1,250 

1,220 


- — 



(2) Plasma determinations : Run as for whole blood. See Table I for i 
results obtained. 

(3) Scrum determinations: Run as for whole blood. Sec Table I foi ic.sn 

obtained. , 

(4) Siyinal fluid determinations: Determinations were pcrfoimec nec 
on the .spinal fluid samples •without protein precipitation. The samples ■v\ 
diluted (1:6) with 0.85 per cent sodium chloride for the Hagedorn- 
terminations, and then these samples rvere diluted (l-.lO) again oi a * 
dilution of 1:60) for the colorimetric determinations. Because ol tic s^ 

amounts of material available, no recoveries were run. !!ijVuied 

0.5 ml. of a 1 ;10 dilution of the original fluid may be used. The result 
from the curve is then divided by 2.5 to obtain the correct glucose 

The results obtained in these runs and tlieir com]>arison vith t le a^ 
Jensen metliod are given in Table I. 
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(5) Urine determinations; The samples were prepared in the manner de- 
scribed ill Peters and Tan Slyke,” using Lloyd’s reagent, A rmigli niiiintitativc 
test was performed on each urine, and the sample was diluted in such a maiiner 
as to give values between 0.1 mg. and 0.2 mg. of sugar for the Hagedorn-Jensen 
runs, and 0.01 mg. and 0.02 mg. of sugar for the colorimetric determinations. 
Recoveries were run in the same manner as described under whole blood, using 
normal (or sugar-free) urine. The blank consisted of 2.0 mi. of a 1 :1,000 dilu- 
tion of this urine. 

The results obtained in these runs and their comparison with tlie Hagedorn- 
Jensen method are given in Table 1. 

DISCUSSION 

A careful physicochemical study of the reducing action of glucose on ferri- 
cyanide has been carried out by Wood,®" using poteiitiometric measurements. 
We have investigated, by means of the photoelectric photometer, the effect of 
variations of concentrations of the reagents used in the above procedure (fol- 
lowing the criteria laid down hj- Wood). In general, with one important excep- 
tion (i.e., the use of sodium cyanide), our findiiig.s confirm those of Wood. 

The eonccntratioiis of gliico.se used in this method (0 mg. to 0,08 mg. glucose 
or 0 mg, to 400 mg. per 100 c.e.) were eho.seii for the following reasons: 

(a) A 0.2 ml. aliquot of a 1 ;10 Poliii-Wu filtrate could be easily and ac- 
curately measured by means of calibrated mark to mark pipettes. 

(b) It is not desirable to take readings below 20 per cent trausmissioii, since 
the instrument is relatively insensitive in that region; i.e., large changes of 
glucose concentration produce relatively small changes of the transmwsion read- 
ings. 

(c) Tlie emulsifying agent (Duponol) can hold only a limited amount of 
Prussian blue in solution over long periods of time (minimum forty-five 
minutes). Concentrations of gluco,se greater tiian 400 mg. per 100 e.e. cause 
“cracking” or flocculation of the Prussian hliie precipitate in relatively short 
periods of time. 

The amount of potassium forricyaiiidc u.scd in this method has been found 
to be sufficient to take care of the reducing action between 0,10 mg. and 0.12 mg. 
of glueo.se, i.e,, 500 mg. to GOO mg. per 100 e.e. However, determinations of 
fluids witli sugar concentrations of more than 400 mg. per 100 c.e. should be 
repeated, using smaller aliquots of the sample. The effect of the benzoic acid 
used to preserve the .sugar standards caused no noticeable reduction of tlie ferri- 
cyanide. In order to duplicate a.s elo.sely as possible the conditions under which 
glucose is reduced in a blood filtrate, the average concentration of tungstic acid 
remaining in blood filtrate after precipitation of tlie proteins was detei-mined 
gravimetrieaiiy,®* This quantity of tungstic acid was then added to the glucose 
standards. It was noted that the alkalinity of the fcrrie.vanide affects the rate 
and amount of reduction considerably. Experimental results obtained siiowed 
that a ferricyanide reagent containing 3 Gm. of sodium carbonate per 100 ml of 
ferrieyanide solution (0.1 per cent) gar-c optimum results. Experimental runs 
made to find the minimum time of heating showed that at least five minutes was 
necessary for concentrations of sugar below 400 mg. per 100 e.e. Therefore, a 
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lieating time of eiglit minutes -was selected to give a safe margin of time for 
the complete reduction of tiie ferricyanide liy glucose. The use of sodium 
cyanide, as used in tJie original Folin reagent, was found to bo undesirable, 
because it reduces the range of tlie method by one-half, and it also seriously 
affects the reproducibility of results for the reason that tlie amount of ferro- 
eyanide produced increases with the time of heating up to about forty-five 
minutes wlien it begins to level off. 

That precise and reliable results can be obtained by this metliod is .sl)o\ni 
by the analytical data given in this paper for the various biological fluids. 
Results obtained by the pliotometric method are in close agi-eement with tho.se 
of the Ha gedorn- Jensen method, and the reeov’eries obtained for added glucose 
are excellent. The method, as given here, has been used in this laboratoiy for 
routine clinical analysis for more tiian one year with uniformly excellent results. 
Blanks, and 100 mg. and 200 mg. per 100 e.c. standard glucose solutions have 
been run daily for that period, with an average error of about ±2 per cent. In 
the course of performing these routine determinations and doing the analytical 
work of this paper, new batches of each reagent were made up at relatively fre- 
quent intervals. We were able to check constantly the points of our original 
calibration curve. 

The method, in addition to being more preeise, reliable, and economical of 
material than the old Folin-Wu procedure proved to be much faster for a large 
number of sugar determinations. The only quantitative measurement required 
is that of the 0.2 ml. of the 1 .-10 Folin-Wu filtrate. The sodium carbonatc- 
ferricyanide solution is pipetted as one reagent, and all the succeeding opera- 
tions are performed in the individual p.yrex tubes without any transfers. The 
colors developed are read in these same tubes at the rate of about five a minute. 

Some objections to the method may arise from the fact that a long waiting 
time (thirty minutes) is required to allow for full color development before the 
colorimeter readings are taken. This would be of particular importance in those 
laboratories where only- a few determinations are performed at one time, or m 
the case of an emergency' determination. For emergency' determinations, results 
of sufficient accuracy may be obtained b.y taking the readings at a ten or tventj 
minute-time interval, or if more accurate results are desired, additional calibra- 
tion curves may be drawn for these time intervals. 

In agreement with Somogy'i^* we hav'e found that ferricyanide methods ghc 
sugar values that average about 20 mg. per 100 e.c. higher for tungstic ^aci 
filtrate than those obtained b.v the copper methods of Shaffer-Hartmann oi 
Benedict. These copper methods give “true sugar” values in that they aie no 
affected b.v the nonglucose reducing substances present in the tungstic aci 

filtrate. . .. 

We have confirmed the observations of Hoffman, and of Klendshoj am 
Hubbard, that the colorimetric ferric.vanide method gives results which are m 
agreement with those obtained b.y the old Folin-Wu procedure. The 
v'alues for sugar obtained by this method are practically the same as t , 

by the old Folin-Wu procedure, i.e., from 85 mg. to 115 mg. per 300 e.c. o ) o 

sugar. 
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SUMMARY 

A photometric I'erricyaiiide nxothod is described tor the rapid, precise dc- 
termination of sugar in small amounts of biological fluids, e.g., 0.2 ml. of a (1 :10 ) 
Wood filtrate. Careful studios of the factors influencing the reduction of ferri- 
eyauidc by glucose rvere made iu order to determine optimum conditions and 
concentrations of reagents. Negligible and constant blanhs were obtained by 
the substitution of “Duponol” for gum gbatti. Reproducible values for stand- 
ard solutions wcTe obtained for day to day runs even when ircw reagents were 
used. The methods gave results for biological fluids that rvere in agreement 
with those obtained by the Hagedorn-Jensen procedure and gave e.-ccellcnt re- 
coveries of added glucose. 

HEFF.nEXCE.S 


1. Folin, O., anil Wn, H.: A Simplificil ami Improieil llctlioil for tlic Petcrmiiiation of 

Sus.ir, J. Biol. Chem. 41; SOT, 1920. 

2. Santonl, A. H., Slicanl, C„ anil Oatcrlierg, A. E.r Tiic Pliotelorooter and It.i Use m a 

Clinical Laboratorv, Am. J. CUu. Path. 3: -i05, 1033. 

3. Piorentino, M., ami Gir.nnettM^io, G.t The PhotomMne Deternnnation of Blood Su;rnr 

hy the Method of FoVm and Wu, Diag- c tec. dt hib. 10: 401, 1030, 

4. Fiorentino, M., nnd Giannettnsio. G. : Photomotrk Blood Buijnr Bctermlnatums l>v the 

Folin-Uu Method. A Keiv Source of Error, J. Lad, CuK. Mki>. 25: SCO, 1040. 

5. Benedict, S. R.: Tim Analysis of ^Yludc Blood. 11. The Determination of Riiffai and 

of Sncchtvroids, .T. Biol. CUem. 92: 141, 1031. 

G. IIofTman, \V. S. : A Rapid Photoelectric Method foi the Deterimnation ot Glucose in 
Blood and Urine. J. Biol. Chcni. 120: 51, 1037. 

7. Ilnwkina, J. A., and Van Slyke, D. D.: A Time Method for tlie Pcteiminntion of 

Reducing Sugars nnd Its Application to Analysis of Blood and Urine, J. Biol. Chem. 
81: 459. 1929, 

8. Folln, O., and Malmros, If.: An Improved Form of Folin’a Micro Method for Blood 

Sugnr DcterniiTiations, J. Biol, Chem. 83: 115, 1929. 

9. Jourdonnifi, L. F.i Standardization of the Folin-Malmros Micro Blood Sugar Method 

for Capillary and Venous Blood and Its Adaption to the Pliotocloctric Coloriraetcr, 
J. Lab. & CLIN'. Mini. 23: 847. 193S. 

10. Marenzi, A. D., and Vilialonga, F. ; A Folin-Malmros Method of Blood Sugar Deter- 

mination-Photometric Application, Rev. Soc. argent, dc Idol, 15: 2-lG, 19.39. 

11. Evelyn, K. A.: Evelyn Photoelectric Colorimeter. Kotc-i on Operation, Phihulelphia, 

10?i9, Rubicon Co., page 21. 

12. Eyelj-n, K. A,: Ibid,, PhiUvdelphin, 1939, Rubicon Co., pji, r>, 7. 

13. KIcnd*«ho.i, N. C., and Hubbard, R. S. : A Method for the Dcfejuiinatjon of Sugar in 

Small Amounts (0.02 c.c.) of Blood, J. Lau. & Clin MEn. 25: 1102, 1940. 

14. Hagedorn, H. C., and Jenhcu, B. : Zur Mikrobestimniung des Blutzuckers nuttels 

ferrieyanide, Bjoelicm. Ztschr, 135: 40, 1023. 

25. Peters, J. P., and Van Slyke, D. P.: Quantitative Clinical Chemistrv, Baltimore, 1932, 
\\illiams & ’SYdkins Co., Vol. 2, Methods, page 4(12, 
la Evel3T},.K. A.: A Stabilized Photoelectric Colortmetci 3Vith Light Filteis, J. Biol. Chem. 
115: G3. 1036. 

17, Hiller, A., Linder, G, C., and Van Slyke, D. D.: The ■Reducing Substances of the Blood. 

J, Biol. Chem. 64: 025, 1925. 

18, Fujita, A., and Iwntake, D,; Bestimmung des echten Blutzuckcrs ohne Jlefe, Biochem. 

Zt.‘'Chr. 242; 43, 1031. 

29. Peters, J, P., and Van Slyke, D. P.: Ilnd., Baltimore, 1932, ^Ymiams & Wilkins Co pairc 

452. ’ i b 

i’O. Woofl, W. B., Jn; A Preliminary Phj-aico-Chemical Smay of the lieilociai; Action of 
Glucose. J. Biol. Ciim. 110: 219, 1935. 

23. Knorre, 6. V. : Uchcr oin neues Ycrfahren Zur Bratimniung von W'olfiani, Ber. chem. Ges. 
3o# 190o, 


^2. Sotnogjd. M. : A Method for the Preparation of Blood Filtrates in the Determination 
of Sugar, J. Biol. Clieva. 86: 655, 1030. 

23. Shaffer, P. A., and Hartmann. A. P.: 11, Methods of the Determination of Reduclnir 
Sugars in Blood, Urine, Milk, and Other Solutions, J, Biol. Chem. 45: 3G3 ip^i 



THE DETERMINATION OF BLOOD LIPIDS IN BLOOD DYSCRASIAS* 

Evaxs W. Perjxokis, AI.D., M. R. Freeland, Ph.D., and Ida Kraus, Pti.D, 

Chicago, III. 


“^HE objects of tliis paper are to compare the values for total blood plasma 
* lipids in blood dyscrasias obtained from the usual alcohol-ether extracts 
and from petroleum-ether extracts, and to study the nature of the nonlipid con- 
taminants in these extracts. 

Pernokis and Freeland*’ - reported elevated total lipid values obtained 
gravimetrieally from alcohol-ether extracts in cases of blood dyscrasias. Their 
work was well in progress when Christensen^' and almost simultaneously, Yan 
Slyke and Folch,* reported that nonlipid contaminants were present in the 
alcohol-ether extracts and also, to a lesser degree, in the petroleum-ether extracts. 
They also clearly demonstrated that the hulk of these contaminants were urea 
and chlorides. 


We approached the proidem in tivo ways which will he described in turn. 
The tii'st method ivas to compare the total lipid values obtained from alcohol- 
ether extracts with those obtained from petroleum-ether extracts. 

Blood plasma was extracted with the usual aleoliol-ethcr mixture. Aliquots 
'of tliis extract were carefully evaporated to dryness and weighed. This value 
hppears in Table I as “Total Lipids” under the heading “Alcohol-Ether E-v- 
iract.” This aloohol-ether soluble residue was tlien extracted five times ivitli 
j5 c.e. portions of petroleiim-etlier exti’act. The combined petroleum-ether e.v- 
. tract was then carefully evaporated to di’yness and weighed. This value appears 
in Table I as “Total Lipids” under the heading “Petrolenm-Ether Extract.” 
* To obtain the values for “Total N as Urea” in Table I, aliquots of both the 
alcohol-ether and petroleum-ether extracts were subjected to micro-Kjcldalil 
analysis. The values obtained for total nitrogen were converted to their equiva- 
lents in terms of urea because urea is the form in which practically all of tins 
nitrogen is present. The values for “Corrected Total Lipids” in Table T are 
the values obtained by subtracting the “urea” values from- the “Total Lipids 
values. 

A comparison of the values for "Corrected Total Lipids,” as shoum in 
Table I, reveals that only from 46 to 72 per cent of the materials soluble in 
the aleohol-ether mixture from eases of mjmlogenous leucemia are .soluble m 


petroleum-ether. 

The second method of approach to the problem was an attempt to detennine 
the composition of the material, which is soluble in the alcohol-ether mixtine^ m 
insoluble in pretroleum-ether extract. The procedure used was to use mixe 


•The material for this paper mas obtained at «>« So«nt\^HoipitS°and\hc^li^^ 
leterminations mere carried out in Laboratory C of CooR Counij nospuiu 
>f the Presbyterian Hospital, Chicago. 

Keceived for publication, Juno 13, 1041, 
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alcohol-ether extracts from blood dyscrasias. The alcohol-ether mixture was 
carefully evaporated and the dry residue was weighed. The weight of this 
alcohol-ether soluble material was 0.1605 Gm. It was then extracted five times 
with 5 c.c. portions of petroleum ether. The petroleum ether was carefully 
evaporated. The dry residue weighed 0.0733 Gm. This is only 45.7 per cent of 
the weight of the alcohol-ether soluble substances. The petroleum-ether in- 
soluble material (0,0872 Gm.) wa.s dissolved in 100 c.c. of distiliod wafer. This 
aqueous solution was used to dcforminc chlorides as sodium chloride, urea, uric 
acid, creatinine, and total redneing sugars. The results are shown in Table II. 


TABLE I 



ALCOnOL-ETlIEn EXTP-VCT I 

PETROLEUM-ETHER EXTRACT 

DIAGNOSIS 

TOTAL 

LIPIDS 

1 

total n 
AS UREA 
PER 100 
c.c. 

CORRECTED 

TOTAL 

WPIDS 

I PLASMA 

TOTAL 

LIPIDS 

(GM.> 

TOTAL N 
AS ur.EA 
PER lOQ 

1 C.C, 

CORRECTED 
TOTAL 
LIPIDS 
i PLAS-MA 

% PE- 
TROLEUM 
ETHER 
SOLUBLE 

1. Pernicious anemia 

1.270 

0.053 

1.217 

0.85G 



68.G 

2. Pernicious anemia j 

1.153 


1-113 




58.6 

3. Acute toyo- 

1.293 


1-235 




j 71.9 

logenous leucemia 


1 




0,()23 

46.0 

4. Chronic mye- 

1.400 1 


1.352 . 



logenous leucemia 


1 





95.4 

5. Chole.steroleniia 

4.733 

0.114 

4.588 

4.4(50 


4..372 

0. Iicucemia cutis 

1.400 


J.32r 




57.7 

7. Ljuiphatic 
Icuccmia 

1.4G6 


J.436 

Accidcntnlb 
( ' 

• lost j 

1 

— 

8. Uremia 

2.133 

0.167 

1.066 


0.157 

0.973 

40.4 

0. Lympiintie 

1.353 


1.303 



0.007 j 

46.5 

leucemia 








10. Chronic mye- 
logenous leucemia 

1.3QQ 

0.077 

1.223 

0.766 

0.02S 

(1.7.18 

00.3 


Table II 


Sodium chloride 
Uric acid 
Creatinine 
Urea 

Eeducing sugars 
Total accounted for 


S3.00 mg. or 00.? per cent of residue 
0.25 mg. or 0.3 per cent of residue 
0.43 mg. or 0.5 per cent of residue 
5^.00 mg. or 37.6 per cent of re.“iduc 
0,00 mg. 

80.07 mg. or 09.4 per cent of residue 


Amount insoluble in petroleum ether 0.0872 Gm. 

Amount recovered 0.0SG7 Gm. 

Amount unaccounted for 0.0005 Gm. 


The pctroleiim-ethci' insoluble contaminants consisted of 60.S per cent of 
chlorides calcnlated as sodium chloride and 37.8 per cent of urea. These two 
contaminants accounted for 9S.6 per cent of the total. Uric acid and creatinine 
accounted for 0.8 per cent, leaving 0.6 per cent unaccounted for. No reducing 
sugars were demonstrated to bo present. 

The petroleum-ether soluble material (0.0733 Gm.) was redissolved in 
petroleum ether and washed five times with 5 c.c. portions of water. The 
petroleum-ether was carefully evaporated, and the residue was reweighed. The 
loss of weight was 0.0087 Gm. of material dissolved in the water. This represents 
a loss of 11,8 per cent of the total petroleum-ether soluble material. The com- 
plete natin'c of this material has not yet been determined, but some of it is urea 
and chlorides. The problem is being further investigated. 
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DISCUSSION 

The total corrected petroleum-ether soluble lipid values in two patients with 
pernicious anemia were 69 and 59 per cent of the values obtained for the alcohol- 
ether extract. In three patients with myelogenous leucemia, the total corrected 
petroleum-ether soluble lipid values ranged from 46 to 72 per cent of the values 
obtained for the alcohol-ether extract. The corrected petroleum-ether extraction 
values in three persons ivith lymphatic leucemia ivere 46 to 58 per cent of the 
alcohol-ether values. In one patient ivitli uremia the petroleum-ether soluble 
material shoived 49 per cent of the value obtained with the alcohol-ether e.x- 
traction. The most interesting results were obtained in one person with hyper- 
cholesterolemia which showed a veiy marked increase in the total lipids of the 
blood with the alcohol-ether extraction method, and continued to show 95 per 
cent of that value in the petroleum-ether extract. This patient shoived a tre- 
mendous increase in the fattj^ acids of the blood, values being as high as 2.758 
Gm. Due to the unusual character of the lipids in this blood, the results were 
cheeked by thi'ee different chemists and found to agree. 

CONCLUSION 

Total lipid determinations done ivith the alcohol-ether extraction method 
sliow values which are much higher than the values obtained with the petroleum- 
ether extraction method. Tlie values obtained with the petroleum-ether ex- 
traction varied from 46 to 95 per cent, witli an average of 60.6 per cent of the 
total lipid values obtained with the alcohol-ether extraction. 

The petroleum-ether insoluble material extracted with the lipids in the 
alcohol-ether extraction -was analj'zed and showed to contain 61 per cent of 
sodium chloride, and 38 per cent of urea. Tlie other 1 per cent was present in 
the form of uric acid and creatinine. No reducing sugars were found. 

Washing the petroleum-ether soluble material five times ivith distilled water 
showed a loss of 8 mg. of material by iveight, -which is 11.8 per cent of the total 
petroleum-ether soluble material. 

The one patient -with hypercholesterolemia did not show a marked difference 
in lipid values wdth the t-wo methods of extraction. 

On the basis of all the total lipid values given for normals, as done by the 
aleohol-ether extraction method by all the accepted authorities, our values for 
the blood djmerasias haAm been high. Our Amlues in the above series with the 
petroleum-ether extracts average 60.6 per cent of the values obtained with t le 
aleohol-ether extracts, and are higher than normal. 

It is obvious on the basis of the findings of Christensen, and Van ^ 
Foleh, -whose findings we now confirm, that a ncAV standard of normal tota oo 
lipid values must be determined. We are now investigating this question an 
Ave shall report our obseiwations on it latex*. 
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.iMEDICAL ILLUSTRATION 


: JIUBBER CASTS OP JIEDICAB SUBJECTS 

S 

ViRGixiA AVoodlaxd, Carolixe Towsox, axd Carl D'oie Clarke, Ph.D. 
Baltimore, JId. / 


W AX formulas have been used for some time for casting lifelike subjects. 

Althaugb they give a true representation of the subject, they are not as 
durable as might be desired. By substituting prevulcanized latex for the wax, 
a permanent cast may be obtained. Such rubber casts have many of the ad- 
vantages of the wax cast, with few of the disadvantages. Pig. lA is a photo- 
graph of a spleen chosen to illu.stratc thus process. The subject is a poor one, 
since it was removed from a liod.v that had been preserved for several months. 
However, it is adequate for this description. A fresh specimen would have 
been more desirable, J 

Before starting the actual molding, a cardboard or glass bo.v is made to 
hold the model. Glass was used for the box seen in Fig, IP and serves to 
illustrate better the process. A small amount of plaster is poured into the 
ejmter of the box. The specimen is placed in the plaster and vibrated to rid 
the surface of bubbles. By pounding several times on the table near the box, 
these bubbles will disappear, provided the plaster is in a liquid state. Addi- 
tional plaster is poured into the box and a brush is used to work the plaster 
up to the edge of the specimen (Pig. tC). This edge serves as the line of 
separation previously determined. 

After the plaster is set, it i.s removed from the box, and the spleen is then 
dislodged from the set plaster. The edges around the impression of the spleen 
are trimmed of loose plaster and particlc.s that are likely to bleak otf. This 
set plaster form constitutes the lower half of the mold. Registration grooA'es 
are then cut in each corner, as seen in Fig. IX). These are necessary to insure 
a perfect fit of the upper and lower halves. The edges of the lower lialf are 
greased with petroleum jelly so that it will separate readily from the upper 
half which is to be made, as shou-n in Pig. IE. Care must be taken to prevent 
the petroleum jelly from getting on the surface of the plaster created by the 
spleen. If this happens, the surface ceases to absorb the wafer from the rubber 
which is to be poured later. The specimen is then replaced. 

The plaster is mixed and the upper half of the mold is made, as .shown in 
Pig. IP. The molding material is applied with a brush into the crevices on the 
surface of the spleen. The procedure previously described should be followed to 
remove any air bubbles that may he present. After the plaster has set, the 
mold is opened and the specimen is removed. There arc now two halves of the 
mold. Before these arq put together for the making of the rubber positive, 
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Pie 1. — A, A preserved spleen. n small amount of plaster. 

S, The spleen is placed in a glass separation which has been determ 

C, The plaster is worked up to the edge of separation 

’ previously. . mooter 

D, Registration notches are cut m the P ' . of the mold. 

B, Petroleum jelly is applied master applied to form the second 

p. The specimen is replaced and the p 
the mold. 
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Fiff. 2. — A, An opening is provided into which liquid rubber may be poured. 

B, The two halves of a mold are held together with wire or rubber bands. 

C, Liquid rubber is pouied into the closet! mold. After sufficient thickness is 
built up, the excess rubber is poured out. 

D, The rubber formed by the funnel-shaped opening is cut away. 

The specimen is colored to resemble a fresh spleen, 

P, The completed cast. 
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a fuDiiel-sliapecl opening should be cut at the end that affords the best drainage, 
as illustrated in Fig. 2A. The two halves are placed together and held securely 
with wire or large rubber bands (Fig. 25). Such rubber bauds can be cut 
from an old inner tube and serve well for this purpose. The mold is then 
allowed to dry thoroughly. This usually takes several days ; if gentle heat i.s 
applied, only a few hours are required to dry the mold. 

Liquid vulcanized latex, which has been mixed with a mineral tiller such 
as zinc oxide, is poured into the mold until it is filled completely (Pig. 20). 
The mold is then allowed to set until the dksii’ed thickness is built up on the 
inside. As the dry plaster absorbs the water from the liquid rubber, more 
rubber is added to keep the mold filled at all times. When the cast has ob- 
tained the desired thickness, the exee.ss rubber is poured out. This deposit is de- 
veloped as a crust next to the plaster mold. The thickness of the crust depends on 
the dryness of the plaster and ‘the consistency of the rubber-filler mixture. 
For those persons familiar with casting in terra cotta with clay slips, it should 
be mentioned that the rubber cast is developed within the plaster mold in a 
similar manner. 


When the desired thickness of the rubber has been built up within the 
mold and the excess latex has been removed, the cast within the mold is al- 
lowed to dry overnight. Gentle heat speeds up this process and at the same 
time dries the plaster mold, thus making it more suitable for casting a second 
impression. The mold is then opened and the east is removed. The part 
created by the funnel-shaped opening is cut away, as seen in Pig. 2D. Unless 
a nonmetallic water color, having a base reaction, is added to the liquid rubber 
before it is poured, the resultant cast will be cream colored. Any material 
haAung an acid reaction causes the rubber to coagulate and makes it unfit for 
use. Furthermore, rubber should not be mixed in bowls or containers made 
of copper or zinc, since these metals destroy the elasticity of the rubber and 
prevent it from setting properly. After the cast has set within the mold, it is 
removed. Any trimming or correction of defects that may be necessary should 
be done with fine-pointed scissors, a razor blade, or a sharp knife that has been 
dipped into water. The water causes these instruments to cut the rubber with- 
out dragging or leaving any rough spots. Small defects are removed wit i 
sandpaper, and the cast is given a coat of -white shellac or lacquer to piepaie 
it for coloring. 

The transparent oil colors used for photo tinting serve excellently for 
coloring such easts, as illustrated in Fig. 2B. After the color is dry, th^e cas 
is given a coat of dammar varnish to make it resemble more closely t e we 
fresh specimen. _ . 

It is absolutely necessary that the color be dry before applying ' 

Pig. 2F .shows the completed rubber spleen. This may be compare wi 


original seen in Pig. lA. , 

The specimen can be mounted in various ways. A base may be “ ’ 

to the specimen at the point of the funnel-shaped opening. A thm me 
L Leilly forced through thic opcuiug oud seeled rvithm the csst. The other 
end of the rod is anchored through a wooden or cast metal base. 
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The liquid vulcanized latex used for this purpose may be purchased from 
the General Latex and Chemical Co., Cambridge, Jlasa.; which firm sells the 
rnb])er already mixed with the filler. The latex may also be bought for 
mixing with any filler for specific purposes. This company is not interested 
in small orders and refers the prospective buyer to one of its agents who sells 
the vulcanized latex or one of the mixtures under a trade name at higher prices. 
In gallon iot.s the price sliould not exceed fifty cents a pint. However, it is 
sold under various trade names for as much as three dollars a pint. The aver- 
age completed specimen would contain only three or four onnees of rubber. 
However, as much as two quarts may he necessary to fill the mold in order to 
get the four ounce deposit. The rubber ivhich is poured from the mold may 
be used again. 

The technical proce.s.s is slightly different with each specimen that pre- 
sents its own problems. For example, openings, air vents, and drainage vents 
must be placed at different points, according to the s])eeimen that is being 
molded. Therefore, this description aviU overlap at points and he repeated. 

The heart is a move complicated subject. A fresh specimen is easier to 
worli: with and gives better re.sults than the preserved specimen used in this 
case. The wall to confine the plaster is made of eardboni’d (Fig. 3A). The 
plaster is poured into this space and worhed up to the line of separation which 
has been determined previously. After tbc plaster has set and formed half of 
the mold, the specimen is removed (Pig. ZB). The edges are then trimmed 
and registration grooves are cut. This is done so that the other half of the 
mold, which is to he made, will fit perfectly with the first half. 

After the registration grooves arc cut, the first half of the mold is greased 
with petroleum jelly (Fig. 3C) to make separation possible. Care must be 
taken to prevent the petroleum .jelly from touching the area to be covered with 
rubber, since the jelly prevents absorption of the water from the rulihcr into 
the plaster. 

The specimen is then replaced in the mold, and the other half is made (Fig. 
ZD) by applying the plaster-water mixture directly to the specimen, thus 
covering the specimen and the first half of the mold. 

In Fig. ZE are shown the two halves of the mold with the .specimen in- 
cased. On one-half of the mold an area is outlined in pencil to form the en- 
trance for a funnel through which the rubber is to be poured (Pig. ZF). 
Notice that this penciled area extends into two part.s of the specimen, one at 
the base of the heart and the other at the cut section of the descending aorta. 
This allows the liquid rubber to drain from both parts of the .specimen. The 
penciled area is cut out of the plaster to permit the insertion of the funnel 
seen in Fig. 4P. These areas also serve to drain the rubber from the mold in 
creating a hollow east ; therefore, they are cut into area.s that are likely to 
form pockets. Pockets without openings will prevent the rubber from flowing 
out by gravity. 

The two halves of the mold are wired together or held together with large 
rubber hands cut from sections of old automobile inner tubes (Pig, 4B). After 
the mold is thoroughly dry, the liquid vuleanized latex is poured through the 
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opening (Fig. 4(7). The mold is then allowed to set until a sufficient thickness 
is built up by the absorption of the water from the liquid rubber into the mold. 
If the plaster is thoroughly dry, this takes only a few minutes; if the mold is 
wet, it may take hours. After a east of sufficient thickness has been formed, 
the excess rubber is poured out and the hollow specimen is allmved to set over- 
night to strengthen the rubber. Gentle heat hastens this process and has a 




A, Making the first half of the mold. 

B, Cutting registration grooves. meriinm 

C, Petroleum jelly applied as a separa. i g 

D, Making the second half ^ specimen incased. 

E, The two halves of the mold pouring the rubber 

F, Marking the area to be cut away for pounng 
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beneficial effect ou both the inoki and the cast. When the specimen is thor- 
oughly dry, the mold is opened and the east is removed (Fig. 4D). This posi- 
tive impression will probably tear if the mold is opened too soon after the 
pouring. 

The rough edge formed by the seam in the mold is trimmed off with a razor 
blade and sharp knives (Fig. iE), which, if dipped into watei-, glide through 




Fig. -1.—^, Cutting away the opening for pouring the rubber. 

B, Wiring the mold together. 

C, Pouring the rubber into the mold. 

D, Separating the two halves of the mold. 

E, Trimming away the edge formed by the lino of separation. 

F, Coloring the rubber cast. 
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I^igr. t7. A, The actual preserved heart. B, The rubber cast o^ the same heart colored to resem- 
ble a fresh specimen. 


Coloring is then applied to simulate eitlier a fresh or a preserved specimen 
(Fig. 4iF) . This is done with transparent oil paints or tempera colors. After 
completely drying, the siiecimen is given a coat of dammar varnish to create 
the glossy effect of a fresh specimen. It is then mounted. 

Fig. 5 A is a photograph of the actual preserved specimen. Fig. 5S is the 
rubber east of the specimen. The slight difference in tonal value is the result 
of applying- more red tints to the rubber cast to obtain the appearance of a 
fresh specimen. 
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SCUEVY, Httman Bxpeiimental, Lnnd, C. C., and Crandon, J. H. J, A. 'M. A. 116: 063, 1911. 

A vitamin C free diet profhiced scurvy in one of the authors at the end of five months, 
and certain symptoma of it -were sevccc at six months. 

The ascorbic acid level of the blood plnsma fell to zero in forty-tn'o days and that of 
the rshite blood cells in one hundred and twenty-tv,*o days. 

A wound healed well after the patient had been three months on a scorbutic diet but 
not after six months. 

There is no correlation betrveen vitamin C intake and plasma levels, and the incidence 
of postoperative atelectasis and pneumonia. 

Vitamin C deficiency may be a factor in failure of some human, wounds to hcaU 

A dietary history should be taken on all patient.s who come to major surgery and, if 
n long-continued marked deficiency of the intake of vitamin C is found, the patient should 
be given from 1 to 4 Gm. of ascorbic acid daily. 

AMEBA, ITon-Pathogeiuc, Clinical Symptoms Associated 'With So-Called, Bothman, M. S<I., 

and Epstein, II- J. .T. A. 5E. A, H6: 69-j, 19-11. 

Stool specimens from 406 patients located in and about Philadelphia harbored one or 
more of the five forms of intestinal amoebas. The most prevalent rras EnAohtnaz naitai 
E. coh was second. 

These organisms, including Diendamoe'ba fragitis, had a causal relationship to their 
symptoms to the extent of 44.1 per cent. 

The most common symptoms were constitutional; i.c., extreme tiredness and weakness. 
Of local nature were abdominal discomfort and diarrhea. 

When a coexisting disease is active, the results to be expeeted may be only partial; 
i.e,, only those symptoms for which the amoeba is responsible will disappear. 

The response to carbarsone therapy is usually within three to five days. When no 
improvement is noted by the tenth day, One ro»y be fairly certain that the aymptoma were 
not due to the presence of the amoeba. 

From a eUuieal point of view, nil fonna of amoeba appear to have a pathogenic role. 
Furthermore, since they may represent a serious public health menace and problem^ it is 
suggested that they should be accepted and treated as such until clinical evidence to the 
contrary can be pioved. 

SX7LFANILAMIDES, Method for Obtaining Rapid Bacterial Growth in Cultures rrom 

Batients Under Treatment With, Janeway, C, a. J. A. M. A. 116: 941, 1941. 

The authors recommend the addlUon. of pnrn-amvnobenxoic acid to a final concentra- 
tion of 5 mg. per hundred centimeters to all routine culture media. It will make cultures 
from p<atients under treatment with the aulfonaixiidc drugs mean what they should — i.c., 
the presence or absence of viable organisms. By way of caution, it must be noted that the 
body fluids may frcfpiently be sterilized by sulfonamide therapy and then later become 
positive again when the patient relapses. During the remi.ssion pogiti%-e cultures could be 
obtained only from the local focus, and no amount of para-aminobenzoic acid would make 
the cultures of the body fluids posifiv'C. 
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FBOTimOimm-. QuicJc's Test Simplified by tie ITse of a Stable Thromboplastm Souter 

A. W., and Kark, E. Am, ,T. M. Sc. 200; 603, 1040. ’ ' 

Brains were removed from freshly-killed rnhhits, and fhe larger superficial Wood res- 
sels were stripped off after washing with water. The brains were then ground to a paste, 
.spread thinly on a glass plate, and thoroaghly dried in an oven at 37° C. The dried residue 
was scraped off the plate, and about 15 e.c. of saline extract were prepared hy adding 30 
c.c. of O.So per cent sodium chloride solution to 3 Gm. of dried brain, mixing with a glass 
rod and incubating at 56° C. for fifteen minutes. On centrifuging the misture at 2,6TO 
r.p.TO. for five minutes, a somewhat opalescent supernatant fluid was obtained. About 2 c.c. 
of this extract were set aside for testing as a control, and the remainder was placed in 
small serum bottles, 1 c.e. in each. The contents of these bottles were then "lyophiUied,'-' 
and at the completion of the proce.^s the evacuated bottles were set aside for storage at 
room temperature (about 20° C.). 

The portion of extract which was kept as a control was tested for throiuhoplastic 
activity by using to determine the Quick prothrombin times of a series of dilutions of nor- 
mal citrated plasma with protiirombin-free plasma prepared by the method of Kark ami 
Lozner, so that the preparations contained 100, SO, 60, 40, 20, and 0 per cent prothromhln. 

The technique used in the determination of these prothrombin times was essentmby 
that of Quick. One-tenth cubic centimeter of fhromhoplastin was pipetted into a tube 10 
by 7:7 nun,, and the tube was placed in a constant temperature (S7.S° C.) water hath. After 
a few minutes 0.1 c.c. of pilasina was added, and immediately thereafter 0.1 c-c. of 0.277 
per cent solution of calciuin chloride. A stopwatch was started at the moment of delivet.v 
of the calciiun chloride solution from the pipette. The tube was agitated gently in the 
bath for fifteen seconds and then rocked while held in the air untO the contents ceased to 
flow freely. At this point the watch wa.s stopped and the time was taken. 

Bottles containing the dry, powdered, “lyophilized” material were opened at inter- 
vals of one, two, three, four, aud ten weeks after “ iyophiliiation,” and the contents were 
restored to their original volume by the addition of distilled water, when a somewhat 
opalescent solution was readily obtained. Tlie thromboplastic activity was then deter- 
mined on each occasion b.y testing against plasmas containing various percentages of pro- 
thrombin. At the same time the results obtained were compared with those given hy au 
extract freshly made up from the original dried rabbit brain substance stored in the icebox 
at S" C. The figures for these results are shown in Table I. 


T.vble I 

Quick Pbothroiibix Tijie ok Mixtures of Korm.ve axu Prothbojibix-Fbee Plasm.xs, 
UsixG Freshly PREp.HiEn axu Lvophilized Thbombopl.vsti.xs 


Time in weeks after 
lyophilization of throm- 
boplastin at which 
Quick prothrombin 


Quick prothrombin times of 
mixtures of normal plasma and 
prothrombin-free plasma 
(seconds) 

Percentage of normal plasma m 
mixture 


Fresh thromboplastin extract for 
lyophilization 

‘ 'Lyophilized’ ’ thromboplastin 
Freshly prepared thromboplastin 

' ' Lyophilized ’ ’ thromboplastin 
Freshly prepared thromboplastin 

"Lyophilized” thromboplastin 
Freshly prepared thromboplastin 

"Lyophilized’ ’ thromboplastin 
Freshly prepared thromboplastin 


‘ ' Lyophilized” thromboplastin 
Freshly urepared thromboplastin 
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Kx'sxxlt : Tho f«t gtxxVxxtps xxr\' Mnpk x't ptny WxvoV.^ ttxx' l'nx'Vj;toxxxn\ is mhI. 

WXT oxxxoTjjoxxry o^nxnintxtix'n, VrixxR n 10 \n'r oMxt sxx’lxxtxon of fx>rxxxntx1i'txyt1o tix Vxxi) ixx 
« jxyrx'v tx'st txxtn' \tnt v-.x*, rntnxrityl; xlto^x n thin I'iopo of i>xx't's^\ or xwxtvx^'sy wxxxtotxxxi ixxto it. 
xxxwt ^Nixo'o tho s^HS'ixxxx'xx ixx XX ixi't V'XYXX \<Cs\V to tW tM Axr umx xxxixx\xtx\s, v^it tixixx fr^Mon sxvtiixxxs 
xxn»t stxxin i>y tixo xxxx'tixxhl xtxwrilHvt, 

it is xo't x\\vo>s}XTy to xtivni^l tlx«' wmhI omxxxo m'ixt sxxlxxtix'n. Vi'xxr it t'Jxx'V ixxtix itxx' 
stx'x'K i'Otiix' xxxnt xts*? it ovor xxxvxt xwor. 


TISRUR, Coxixtxitxpxl SiMn for r.M .Miif r4tastlP, Twitch. 0. Arotx. Vatlu 30; tei;;. lOlO, 

of An^f4^^'n^i} 

Is V'xv txssnos ix\ soiwtiow of fonnnlAavvxh' for tnx'xxtV'fx'Xxr \nx\xrs or loxx.jjt'r. 
is*. Wxxsix ixx rxxxixxiix)* nxxtcr for li\o hxnusS, 

A t'lHcc ixx xx A jNor eexxt «i)nox>xxs sx'Uxtion x'f sx'hxtiix itsxxixvl »xt 3T'* t\ fxxr twotxx' to 
tnrxxtV'fxxxxr Ixxxxjrs. 
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4. Place in 10 per cent aqueous solution of gelatin at 37° C. for six to twelve hours. 

5. Embed in 10 per cent gelatin. Harden in icebox for two to four hours. 

6. Before cutting, place individual blocks in solution of formaldehyde for twelve to 
tw'enty-four hours (either blocks or sections may be preserved indefinitely in solution of 
formaldehyde). 

7. Cut sections on freezing microtome at 10 microns, 

S. Before staining, place sections in formaldehyde for twelve to twenty-four hours. 

Method of Staining 

1. Rinse section well in distilled water. 

2. Dip several times into 70 per cent alcohol. 

3. Place in fat and elastic tissue stain, warmed to not more than 45° C. for fifteen 
minutes, 

Pormula for stain; 

Weigert’s elastic tissue stain (ripened) _ 10 c,c. 

Distilled water 2 c,e. 

Scarlet red, saturated solution in equal parts of 

acetone and 70 per cent alcohol 8 c.c, 

4. Rinse in 70 per cent alcohol. 

5. Rinse in distilled water. 

6. Place in Delafield’s (or other) hematoxylin for one to two minutes. 

7. Rinse in distilled water. 

8. Differentiate in 0.5 per cent acid alcohol if desired, 

9. Immerse in weak ammonia until the section becomes blue. 

10. Rinse in distilled water. 

11. Transfer to a slide, drain, and mount in glythrogel. (If desired, 1 per cent 
aqueous' vert lumiere may be used as a counterstain after the hematoxylin, followed by mild 
deoolorization in 60 per cent alcohol.) 

DEXTROSE TOLERANCE, Oral and Intravenous, in Cases of Acute. (Catarrhal) Jaundice, 
Pachman, D. J. Am. J. Dis. Child. 60: 1277, 1940. 

The tolerance to dextrose (orally and intravenously administered), the icteric index, 
and the bilirubin content of the blood were determined serially in 12 children with catar 
rhal jaundice. 

The icteric index closely paralleled the serum bilirubin content of the blood. 

Total cholesterol values were normal or below normal in all hut 3 patients. le 
percentage of esters was decreased in 75 per cent of the children. 

No correlation was found betw'een the degree of icterus and the type of ex ro 

tolerance curve obtained. a t, n the 

Decreased tolerance to orally administered dextrose was frequently foun w e 

response to the previous intravenous test had been normal. „ 

When the intravenous test showed a decrease in tolerance, the tolerance to o y 

administered dextrose was also decreased. . .pnnuslv’ 

Improvement of a previously decreased tolerance to dextrose (oral y or in rav 
administered) usually accompanied clinical improvement and a decrease in tie eg 
icterus. 
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water concentration of, during toxemias of 
late pregnancy, 664 

Bodj- fluid analyses and thiocj'anate, measure- 
ment of extracellular fluid volume 
with, 1383 

fluids, determination of sulfanilamide in, 
914 (Abst) 

specific gravity of, method for determining, 
564 

new method for determining, 1370 
temperatures, lowering of, observations on, 
1423 

Bone, frontal, giant cell tumor of, 319 
giant cell tumor of, 1705 (Abst) 
marrow in typhoid fever, bacteriologic cul- 
ture of, 1024 
sternal, 1234 (Abst) 

Bottle, cedar oil, 1347 

Brain and spinal cord, device for fixing, in 
one piece, 1809 
microtome sectioning of, 1799 
Brains of cats, artificial tumors in, production 
of, 1778 

Bran, mode of action of, 1774 
Bromide, blood, after oral ingestion, appear- 
ance of, 1325 

therapy, epileptic patients on, iodine absorp- 
tion by serum of, 836 

Bronchial asthma, blood serum magnesium in, 
340 

Bronchiectasis associated with monilia simu- 
lating pulmonarj' tuberculosis, 624 
Brucella cells, presence of capsule on, 750 
(Abst) 

isolation of, from human brueeliosis, tech- 
nique for, 1961 

opsonocytophagic test, 1396 (Abst.) 
purified antigen from, 1072 (Abst) 
Brucellosis, experimental, sulfapyridine in, 
616 

human, isolation of brucella from, 1961 
Brushes, shaving, anthrax in, 1032 
Buffers with or without glass electrodes, 568 

C 


Cage, mouse, model, 701 
Calcium, blood serum, in negro, 1644 
in urine, determination of, 585 
metabolism, effect of iron on, 351 
Camera, photostatic, 386 
Cancer, 439 (B. Rev.) 

macronucleolus and nucleonucleolar ratio oi, 
to histologic grading, 1612 
patients, reticulo-endothelial function of, 809 
post-mortem patients with, subjected to 
* local or generalized refrigeration 

compared with nonrefrigerated 
patients, 443 


Capillaroscopy, 1731 ; 

Capillary factors in processes of disease 117 
permeability, 1737 m 

platelet, ana splenic factors in thrombocy- 
topenic purpura, 489 
reaction, abnormal, 118 
normal. II9 

studies in Raynaud’s disease, 1729 
Capsule on brucella cells, 750 (Abst) 
Carbohydrate metabolism, 20 
metals in, 1093 

Carbon, colloidal, flocculation test in spinal 
fluid, 1349 

tetrachloride, effect of, on sensitivity to egg 
albumen and ragiveed pollen ex- 
tracts in guinea pig, 1603 
recover}' of, from tissue, 719 
Carcinoma, cutaneous, 591 (Abst) 
of rectum, 1707 (Abst) 

Cardiac hi-pertrophy, 205 

influence of coronary sclerosis, chronic 
congestive heart failure, and myo- 
cardial fibrosis on, 1239 
Cardloi'ascular pathologj-, experimental studies 
in, 1565 

Carotid, functions of, 223 
Casts, rubber, of medical subjects, 19S1 
Catalysts, cell, interaction of vitamins and 
drugs with, 20 

Cats, brains of, production of artificial tumors 
in, 1778 

Cedar oil bottle, simple, clean, 1347 
Cell catalysts, interaction of vitamins and 
drugs with, 20 

diameter, measurement of, 696 
tumor of frontal bone, 319 
volume of blood, measurement of, b.v Evans 
blue dye method, 1829 

Cellophane straw used as an ink-writing 
pointer in kymographic work, 1659 
Cells, blood, of normal guinea pigs, study of, 
1364 

Cellula, 1236 (B. Rev.) . , v, 1 

Cellular elements, fate of, in citrated blood, 
1473 

Central nervous system, ester-hydrolyzing 
activity of, 1017 
torula infection of, 299 
Centrifuge technique, study of, 557 
Cerebrospinal fluid, calcium and phospliorus 
in, 1235 (Abst.) 

sodium chloride crystallization by, 

Takata-Ara reaction in, 1079 , 

Chemical observations on human heart, 13J 
studies of blood and stroma in polycythemia 
and beef embiyo, 1492 
test for intoxication. 1555 (Abst.) 

Visscher-Bowman, for pregnancy 13 1 4 
Chemicals in experimental asphyxia of tumor., 

organic, for therapeutic use, development of, 
131 

Chemistry, blood, observations in leucemias, 

of infectious diseases, 1500, 1635 
Chemotherapeutic agents, 136 . 

Chemotherapy in nonspecific infectio 
urinary tract, 1863 (Abst-i 
specific, in giardia ‘b^ection^ 1465 
Chloride concentrations in whole blooa 

Chloroform.^'bfiRubm'^’inf^soIution and dia- 

-soluble fS'’Sf'’b'i.i'r^Sl, measurement 
^ Cholesterol h';?ftSveno"us'’'’admin“- 

esters of blood in hepatic disease, 
serum, studies^^foUowing 

serum, chloride by lof f'®' poly- 

Choline hydrochloride, treatment of po J 
cythemia vera. with, 113. 
Cholinesterase determinations, Mo 
Chor^ artificial fever therapy of. 126 

Chromoblastomycosis, 2a6 gim- 

Chromophob^^pituitari^^adenoma 

‘'inhritfsT’l^wir 'IxReSes” n, arterial cir- 
dilation of, 9 <4 
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Clgafette smoke, absorption of nicotine from, 

Circuiation, arterial, of lower extremities In 
chronic arthritis, 07 1 
time test, objective, 1966 
Circulatory failure of capHJarj' origin, 75l 
<Abst.> 

Cltrated blood, cellular elements and pro- 
- thrombin In, fate of, 1478 
Cleaner, hematocrit tube, 39S 
Cleaning mixture tor glassware, 17d“ 

Clearance tests In relation to renal pathologj'i 
796 

Clinical and experimental phenomena, auto* 
nomiC nervous system in relation 
to, 4 

aspects of sulfapyrjdine therapy, 919 
chemistry, editorial, 441 
hypertension, renal aspects of, 1713 
laboratory determination of vitamin nutri- 
tion, 4S 

method for- determination of nicotinic acid 
In blood and urine, 1042 
methods, 1337 (B. Rev.)_ 

; ■ ' ure. 279 I 

• ■ for study- 
» • . I ■ . of jrulnea | 

Clotting, blood* anomalies in hemorrhagic : 
diseases. 52 

•'64 (Abat.) 
modlflcn- 


(1, 31 I 

iharynx to. 

Colloidal carbon flocculation test In spinal ^ 
fluid, diagnostic value of, 1349 
gold. S92 (Abst.) 

Colloids, Intravenous Injection of. 320 
of heavy metals in treatment of rheumatoid 
. arthritis, 1918 

CoJon-typhoia group, semlsoild double sugar ; 

medium for identlftcation of, J95l 
Coloilmeler, Evelyn, determination of phenol 
, . . red with, 732 
photoelectric, alternating current, 416 
Colorimetric determinations, temperature tor. 
1062 

ciuantitation by Oesting's tecimique, 86t 
Common cold, familial nonreaginic food 
allergj' as predisposing cause of, 
757 

' ■ T <B. Rev.l 

onococcus, 2D1 
in hay fever. 1586 
printer, 918 (B. 

^ Rev.) 

Composition tubes as substitute for glass. 

« 1957 

Congenital absence of spleen, 773 
Congestive heart failure, 1893 

Chronic, influence of, on cardiac hyper- 
trophy, 1239 

Constant inJecUon apparatus. 1647 
rate injections, apparatus for, 383 
Copper and iron on hemoglobin regeneration, 
effect of. 8S2 
metabolism of, 734 

Coronary occlusion, insulin allergy simulating, 

, 1090 

sclerosis, Influence of, on cardiac iiyper- 
,, . trop.hy, 1233 

tijrombosis, I895 

~ 596 


, diagnostic mctliod 

_ for testing, 553 

Cotton-piug wrapping machine for bacterio- 
logic culture tubes ana bottles. 

Cover slips, practical substitute for, 1397 
(Abst.) 

Cozymase, recov-cry of, 33 
Crayon sauce technique for medical illustra- 
_ tion, 1687 

Creatine compounds. 200 
conversion of creatinine Into, In normal 
urine. 1873 
excretion, 999 

of Wood, microdetermination of, 874 


Cfoatlnlnc, conversion of, Jnlo creatine In 
normal urine. 1673 
excretion, 990 

•Of blood, micTOfletern^inatlon of, 874 
Cross agglutination method.^. 557 
Crj’Stallization, sodium chloride, by cerebro- 
spinal fluid, 483 

CuUarc, bacteriologlc, of bone marrow in 
typhoid fever, 1024 
media, apparatus for titrating, 1375 
medium, developing egg as. 242 
tubes and bottles, bacterioiogic, cotton-plug 
wrapping machine for-, 2040 
Cultures, bacteriai, pH and oxWatiOn-reduc- 
tlon potential of, 1513 
blood, arterial and venous. 582 
Ciitnneous carcinoma. 591 lAbst.) 
hypersensitivity to iodine, 302 
•wenostasis*' bieedmg time technique, 1822 
Cystine content of hydroljsates of blood sera 
in experimental pneumonia in 
dog.s, 1635 


ttarkfield. new technic for, 751 (Abst.) 
Dehydrating agent, isopropyl alcohol as. 1788 
Dental disease, bacteriemia m patients with. 
801 

Depressor effect of potassium sulfocyanate, 
658 

Dermatologic therapy, some recent advances 
m, 1403 

Desoxycorticosteronc acetate on hypochlor- 
emia In pneumonia, effect of, 3642 
Developing egg as culture medium, 242 
Dextrose tolerance, tests of newborn, 4SC 
(Abst.) 

yeast extract medium for isolation of fungi 
from sputum. Ji95 

Diabetes Insipidus, cerebrospinal fluid In, 1235 
(Abst.) 
nielhtu.s. 36 

olmical. and hyperlnsuhnlsm, 4-tO (B. 
Rev.) 

renal threshold for glucose in. 760 (Abst.) 
Diabetic individuals, influence of glycerol on 
glycemia, 526 

manual, siniplifled, 1237 (B. Rev.) 
Diagnostic niethod for teslmg virulence of 
Corynebactena, 5S3 

value Of Takata-Ata reaction in cerebro- 
spinal fluid, 1079 

' r r . . Oiemsa tj-pe 

s . • 'rmination of 

ith, 423 

Diazotization of bilirubin in chloroform, 1206 
Diet, effect of, on aiterlal and venous glucose 
tolerance curves In rheumatoid 
arthritis, 675 

m ctjologj- and treatment of spontaneous 
hj'poglycemia. 828 

Diffractometer, measurement of retl blood cell 
diameter by, 696 

PigUalis. intravenous administration of mag- 
nesium sulfate with, 1116 
poisoning, pathologic lesions produced by, 
1565 

Directory of medical specialists, 9I8 (B. 

Rev.) 

Disease, dental, bacteriemia in patients with. 
801 

Ragefs hyperphospliatasemla of, 1233 
Raynaud’s, capillary studies in, 1729 
Simmonda’ chromophobe pituitary adenoma 
with, 1289 

treatment of, preserved blood “bnnk.s'’ in 
83 

TVeils, in Hawaii, 750 (Abs-t ) 

Diseases, allergic, histamine treatment of g02 
fungous. 256 

infectious, chemistry of, 1500, 1633 
neoplastic, 755 (B, Rev.) 

Dissecting and operating table, 1197 
Distillation of nitrogen, 1843 
DiatiHing apparatus, 399 
dust trap, 700 
Diuresis, 211 

Diuretics and laxatives. 135 
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Dogs, blood of, biocliemical studies of, 996 
experimental pneumonia in, polarographic 
m of blood sera in, 1500 

insuriiation anes liesia in, intubation tubes 
for, 854 

Doses of radioacti^-e phosphorus in rodents 
distribution of, 1014 

Drug addicts, falciparum malaria of, labora- 
tory studies in, 1034 

Drugs and vitamins with ceil catalysts, inter- 
action of, 20 

"Dry ice,” freezing of tissues with, 1799 
Dust, lead, effect of vitamin C on workers 
exposed to, 1478 
trap, distilling, 700 

Dye, Evans blue, measurement of cell volume 
of blood by, 1829 

Dyes, osteotropic, in modified line test for 
vitamin D, 714 

Dyscrasias, blood, blood lipids in, 1978 
Dystrophia myotonica, studies in, 990, 1506 

E 

Bar vein of rabbit, aid in injection of, 1956 
Edematous pancreatitis, acute, 1901 
Editorial, clinical chemistry, 441 
We celebrate oui' silver anniversary, 1 
Ess albumen, development of sensitivity to, 
in guinea pig, 1603 
developing, as culture medium, 242 
oil, effect of, on tubercle bacilli, 1073 
(Abst.) 

Electric shock, effects of, on blood pyruvate, 
lactate, ‘ ' - -"«(> 

Electrocardiographic ■ ■ intra- 
venous ■ magne- 

sium sulfate, 1116 
Electrocardiography, 595 (B. Rev.) 

Electrodes, glass, buffers and indicators with 
or without, 568 

ocular and intranasal, techniques for ob- 
taining electroencephalograms us- 
ing, 1659 

Electroencephalograms, techniques for obtain- 
ing, 1659 

Electrophoresis of allergens, 181 
of antibodies in allergj', 180 
with special reference to serum and aller- 
gens, 174 

Embalming fluids, 1077 (B, Rev.) 

Emulsion, cholesterol, preparation of. 1679 
Endocarditis, acute, due to anaerobic pneu- 
mococcus, 307 

Endocrinologic therapy, 1409 
Englishman’s food, 1238 (B. Rev.) 

Bosinophiiia following liver therapy, develop- 
ment of, 457 

Epilepsy, newer methods of investigation and 
treatment, 232 

Epileptic patients on bromide therapy, iodine 
absorption by serum of, 836 
— .. into nericardial sac, 297 

Is in experimental 
981 

nds in parathyroid 

Brgograph for student use, 857 
Ergonieter, manually operated, 1357 
Erythrocyte morphology in hemolytic anemia, 
1235 (Abst.) 

resistance, microfragility test for measuring, 
703 

response to treatment of pernicious anemia, 
1235 (Abst.) 

Erythrocytes, decreased fragility of, interfer- 
ing with leucocyte count, 1953 
Eserine (physostigmine) and prostigmine, 24 
Essentia! hypertension, 916 (Abst.) 

left ventricular failure due to, 1891 
Essentials of applied medical laboratory tech- 
^ nic, 1077 (B. Rev.) 

Vster-hydrolyzing activity of central nervous 
system, 1017 

■n-stmcens. continuous extractor for, 581 

vAons blue method, measurement of cell 

E^ans mu pf ^ , 

■c.oivn colorimeter, determination of phenol 
B\ei>u ,-32 

wvnerimental and clinical phenomena, auto- 
Experi nomic nervous system m relation 

hypertension, renal aspects of, 1713 


Experimental— Cont’d 

lesions in kidneys of rabbits, 950 
bp’*o";j'elitis, 755 (B, Rev.) 
thrombocytopenic purpura in guinea pig cic 
Exposure to benzol, disturbances in blood fol- 
lowing, 957 

Extracellular fluid volume, mea.surement of 
with thiocyanate and body fluid 
analyses, 1383 

Extraction of urinary androgens, 881 
Extractives meat, in studies of gastric func- 
non, 823 

Extractor for estrogens and androgens, ,581 
Extremities, apparatus to record niovenient 
of, 1S44 

lower, in clironic arthritis, arterial clrcula- 
tion of, 974 


Failure of left ventricle, 1891 
Falciparum malaria of drug addicts, labora- 
tory studies in, 1034 

Falling drop principle, determining specific 
gravity of body fluids bv, 564 
technique, determination of whole blood 
specific gravity by, 1681 
Familial nonreaginic food allergy, 1878 

as predisposing cause of common cold, 
757 

Fat cell, role of, 90 

Feces, isolation of paratyplioid, dysentery, and 
typhoid from, 592 (Abst.) 
Ferment investigation, methods of, 1557 (B. 
Rev.) 

Ferricyanide reduction, pliotometric determina- 
tion of sugar in biological flnid.s 
by, 1969 

Fever, inhibitory effect of, on anaphylactic 
phenomena, 125 

Fibrinogen in healthy individuals, 1838 
Fixing brain and spinal cord in one piece, 
1809 

Fluids, embalming, 1077 (B. Rev.) 

tissue, in diuresis, 211 
Fluorescein method, 19B6 
Flying, high altitude, medical problems, 263 
Follicular lymphoblastoma, 1395 (Abst.) 

Food ailergj', familial nonreaginic, 18(8 

as predisposing cause of common cold, 

Englishman’s, 1238 (B. Rev.) 

Formol-gel reaction, 1211 

Foundations of short wave therapy, HOO in- 

Fragility of^erythrocj'tes. decreased, Interr- 
ing^ with leucoC5’te count, 
of mammalian and avian erj'throcytes, <11 
Francis test, 1555 (Ahst.) ^ 

Freezing of tissues with ‘dry ice for m cro 
tome sectioning of entire biain, 
1 79S 

Fundamentals of internal medicine, 439 (B. 
Rev.) 

Fungi and fungous diseases, 256 

in respiratory allergy, importance or, 
isolation of, from sputum, 1185 
Fungous diseases, 256 
Fungus infections. 246 

G 

Gas analysis, blood for. anaerobic drawing and 
sampling of. 1685 

Gastric function, meat extractives m 

juice, composition of, pepsin, 

influence of protein on acidit> a 

Gastroduodenal ‘''pj^a'JJIous'’a9pSr»- 

Gsstroenterology, nse of simultaneous 

GastrointestinS lesions, phenolphthalein test 

for, 6S7 

Sia'^infections. specific chemotherapy of. 

Giemsa tj-pV ^preparations, use of diaphan 
for mounting. 869 , jj; 

Girls, healthy, ®®p’"of"‘on °bIood sugar, 

Gland, parotid, influence of. on mu 
1009 
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Glass cajjsulo inanometcr for recoiding blooJ 
pressure, 1520 

composition tubes as substitute for, 195T 
electrode, precision. stan(?ardi 2 ation of meas- 
urements wtth, at various tem- 
peratures, 893 

avn'ng-o type, for nteasurenient of biooa 
pH. 884 

electrodes, buffers and indicators with or 
wUhoiit, 568 

GlAss'N'Are, cleaning mixture for, 1797 
Globulin In healthy fmllvjduals. 1838 
scrum, in hyperglobullncmia. 1211 
Giomerulonepliritis, acute, capacity of kidney 
to concentrate urine m. 1160 
Gluconate, ammonium, behavior of. in ani- 
mals and man, 1574 

Gluconic acnl and ammonium gluconate in 
animals and man, 1574 
Glucose, effects of insulin, metrazol, and elec- 
tric shock on, 1928 
renal threshold for, 750 (Abst.) 
tolerance, 593 (Abst.) 
alteration of, by changes of diet. 360 
curves in rheumatoid arthritis, effect of 
diet on, g75 

effect of large doses of insulin on, 1073 
(Abst.) 

tests, results Of, 1506 
niycenda, influence of glycerol on, 526 
Glycerol, influence of, on glycemta. 526 
Gold colloid in treatment of rheumatoid ar- 
thritis. 918 
colloidal, 592 (Abst.) 

excretion of, following administration of 
gold sodium thiomolate m rheu- 
matoid arthritis, 1750 

salt?, toxic reactions with, in treatment of 
Jheumatold arthnUa, 1629 
Sodium thlomalate, effect of. on serum In 
patients with rheumatoid arthritis. 
1274 

In rheumatoid arthritis, excretion ot 
gold following adn^lnistration of, 

1760 

Gonococcus complement fixation, test. S81 
Gonorrhea, bacterioiocic diagnosis m, of male. 
643 

culture method in diagnosis of. 436 (Abst ) 
Gram stain, modification of. ISIS 
Oram*posjtive organisms, method of staining. 

In fro2ea section*. 1076 (Abst) 
Granulocytopenia, primary splenic. 96 
Granuloma, systemic rcticulo-ondothelial. 1398 
(Abst.) 

venereal and nonvenereal, of vulva, 434 
(Abst.) 

Goanidine-like substances in blood. 530 
Guinea pig complemont. surface tension meas- 
urements and hemolytic activity 
of, comparison of, 1599 
for virulence testing, use of, 863 
sensitivity to egg- albumen and ragweed 
pollen extracts in, development of. 
1603 

■ • in. 648 

. 1364 

• ygen consump- 
’ for studying. 

Gum acacia, effects of, on liver, 330 

leucocytes in blood containing, method for 
counting. 1664 


' , complement 

. ‘ s 

■ ■ pigment in, 

staining method for, 700 
chemical changes in. 207 
chronic congestive, influence of, on caxdiac 
bypertroplrv, 1239 
congestive. 1893 

human, chemical observations on, 199 
Height, hypertension in relation to, 930 
Heinatocrit tube cleaner, S93 
fllUng pipette. 13 4S 

Hematologic studies of blood and stroma m 
polycythemia and beef embryo, 
1492 


Hematology, principles of, J40 (B. Rev.) 
Hematopoietic, f.amilml, disorder in Italians, 
438 (Abst.) 

Hemattina. diagnostic value of occult, 435 
(Abst.) 

Hemoconcentration. 120. 1924 
Hemoglobin, determination of. 297 

collecting small blood .samples for, 395 
estimation with undiiuted reduced blood. 

, 1823 

mlorouetermmation of, 3074 (Ab.st.) 
legcnerntion. effect of copper and iron on, 
832 

le^ponsc to varying dosages of iron, com- 
parison of, 1482 

Hemoglobinometer. photoelectric, abser\'ations 
tvlth, 3054 

Hemoglobinuria, paroxysmal nocturnal, with 
hemolytic anemia, 1434 
Hemolytic activity of guinea pig complement, 
1599 

anemia, 63. 1235 (Abst) 
paroxysmal noctui naf hemoglobinuria 
With, 1434 

Hemorrhage, plasma volume and plasma pro- 
tein concentration after, 1144 
Hemorrhagic discn.scs, blofxl clotting anoma- 
lies tn, 52 

Hemorrhoids and their treatment, 1400 (B. 
Rev.) 

Hemosiderin pigment in heart-failure ceils, 
staining method for, 700 
Heparin, I5S9 

Hepatic disease. 915 (Abst.) 

Hepatitis, toxjc, due to sulfanijamitle, 75.5 
High altitude flymg, medical pioblcms of, 263 
Hmton tc.«t for svphllis, 627 
Hippunc acid ni urine, determination of. 729 
ijYcr function test, intravenous method, 
1330 

Histanilnsse, effect of. on Shwartzman phe- 
nomenon. 1432 

trcfttment of allergic clisordcra with, 110 
HHlamtnc, 26 

therapy m allergi*. 499 
treatment of allergic disease.*, 802 
disorders with, 110 

Histologic grading, macionucleolus and nii- 
cieonuclcolar ratio of cancer to, 
1012 

Histological teciinlc. 1401 (B. Rev.) 

Histology, pathologic.ll. 107S (B, Rev) 
Histopathologic changes m myelinateci nerve 
fibers following nrtiftcially induced 
hyperpyrexia, 1295 
study, critical, 443 

HIslopathology of peripheral and central nerv- 
ous systems. 1078 (B. Rev.) 
Histoplnsmosfs. sy.stcniic, 260 
Hormone factors. 217 

Horsley-CIarke's stereotaxic in.strument, stand 
tor aseptic operations with. 1657 
Human births, multiple, 1238 (B Rev.) 
blood, coenzymes I and If. 31 
heart, chemical observations on, 199 
skin. light reflection from, photographic 
aspect of. 1852 

Hydatidlforni mole, genesis of, 734 (Abit.) 
Hydrolysates of blood sera, oystlne conten: of, 
1635 

Hydrolysis, urinary porpliyrin before and 
after, 1676 

Hyperglobuhnemia, serum globulin m, 3213 
Hypermsullnvsm. clinical diabetes meliitus 
and, 440 (B. Rev.) 
Hyperparathyroidism. 1087 
Hyperphosphahisemla of Paget’s dise.isc, 1323 
Hypecpyrexifi. artificially induced, histopatho- 
logic changes in myelinated nerve 
fibers following, 329.5 

Hypersensitivity, cutaneous, to iodine, 302 
Hypertension and the surgical kidney, 1707 
(Abst ) 
arterial. 344 

effect of nephrectomy upon. 916 (Abst.) 
c&sentiai, left ventricular failure due to, 
1891 

evidence for. 1242 

experimental and clinical, renal aspects of 
1713 

In relation to height. 930 
ortHostatlc, jgjig (Abst.) 
variation with body build and obesity, 930 
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Hj'perthyroitl and myxedematous states 

/ aP?* marrow In, 1234 

( Abst. ) 

Hyperthyroidism, epinephrine output from 
adrenal glands in, 981 
hver function in, I33i 
Hypertrophy, cardiac, 1239 
Hypnotics, 132 

in animals, antidotal action of, 1256 
Hypochloremia in pneumonia, effect of desoxy- 
corticosterone acetate on, 1642 
Hypodermociysis, use of sodium sulfapyridine 
, by, 594 (Abst.) 

Hypoglycemia, spontaneous, diet in, etiology 
and treatment of, 828 

Hypoprothrombinemia, intravenous use of 2- 
methyl-l, 4-naphthoquinone in, 
1865 (Abst.) 

vitamin K activity of 2-methyl-l, 4-naphtho- 
qumone and 4-amino-2-methjd-l- 
naphthol in, 818 


Iron, effect of— Cont’d 

' ' f'Sot; iS,""’ " 

metabolism of, 734 

varying dosages of, hemoglobin response to 
comparison of, 1482 ' 

Irritation, peritoneal leucocyte changes in. 

Isolation an^ itoUiflcation of poi.son,s, lor? 

of Brucella from human hrucellosis, tech- 
mque for, 1961 " 

of sporulating anaerobes, 1957 
Isopropyl alcohol as dehydrating agent and 
preservative for biological sped- 
HIGHS 1788 * 

Item, announcement of unassembled examina- 
tions, 1866 


Illuminator, vertical, for student microscope, 
868 

Illustration, introduction to, 740 
Immune bodies, effects of gum acacia on pro- 
duction of. 330 

Immunologic test for human blood and human 
protein in stools, 1030 

Indicators with or without glass electrodes. 
568 

Indoluria in rheumatoid arthritis, 1939 
Infantile paraij'sis, infective stools in, 1906 
Infection, sources of, 1075 (Abst.) 

Infections, urinary, organized sediment follow- 
ing pyridlum administration In, 
1768 

virus, 244 

Infectious diseases, chemistry of, 1500, 1635 
mononucleosis, syphilis in, serologic reac- 
tions for. 1439 

Infective stools In infantile paralysis, 1906 
Infestation, Strongyloides stercoralis. case of, 
1608 

Infusions, intravenous, massive, in narcotic 
poisoning, 1140 

Inhibitory effect of fever on anaphylactic 
phenomena, 125 

Injection apparatus, constant. 1647 
of ear vein of rabbit, aid in, 1956 
Injections, constant rate, apparatus for, 383 
Ink-writing pointer in kjTnographic work, 1650 
Insemination, artiflciai, of white rat, 1361 
Insufflation, uterotubal, experimental, 1447 
in rabbit, 1129 
Insulin allergj’ simulating coronary occlusion. 
1090 

effect of, on glucose tolerance, 1073 (Abst.) 
effects of, on blood pyi'uvate, lactate, and 
glucose, 1928 

Internal medicine, fundamentals of, 439 (B. 
Kev.) 

Intestinal mucous membrane, allergic reac- 
tion in, 1869 

Intoxication, use of urine in chemical test 
for, 1555 (Abst.) 

Intramuscular administration of sodium sulfa- 
pyridine, 314 

Intranasal electrode, electroencephalogram 
using, 1659 

Intrastate evaluation of serologic tests for 
snibilis, 1789 

Intravenous administration, experimental, 
preparation of cholesterol emulsion 
for, 1679 

of liver extract in patients with sickle- 
cell anemia, 1470 

injection of colloids, 330 . . 

Intubation tubes for insufflation anesthesia in 
dogs. 854 

In vivo study in rabbit. 1111 
Iodine absorption by serum of epileptm pa- 
tients on bromide therapy, 84b 
content of blood, urine, and saliva of nor- 
mal persons, 1942 
of whole blood and serum, 365 
cutaneous hypersensitivity’ to. 302 
lodophthalein in treatment 

typhoid earners, 10^2 (Abst) 
Iontophoresis, administration of acetyl-ff- 
methvlchoUne chloride by, 1012 
Iton effect of, 'on hemoglobin regeneration, 

’ 832 


Jaundice, bilirubin in persons with, 576 
dextrose tolerance in, 1992 (Abst.) 
hemolytic, congenital, 95 
renal lesions associated with, 914 (Ab.st) 

K 

Kahn test for syphilis, 637 
Kidney', capacity- of, to concentrate urine in 
acute glomerulonephritis, 1169 
function, 212 

of rabbits, experimental lesions in, 956 
parenchyma in diuresis, 211 
surgical, hypertension and, 1707 (Abst) 
Kline sy’philitic test, antigen pipette for, 562 
test for syphilis, 637 

Kymographic work, cellophane straw used as 
an ink-writing pointer in, 1650 

L 

Labor, vitamin K administered to mothers in, 
1305 

Laboratory, clinical, determination of vitamin 
nutrition, 45 

photography with method of preparing 
photomicrographs. 1064 
studies in falciparum malaria of drug ad- 
dicts, 1034 

text in pharmacology, 1078 (B. Rev.) 
Lactate, effects of insulin, metrazol, and elec- 
tric shock on. 1928 
Lantern slides, a new technique, 1224 
Lead ab.sorption and intoxication in man, 913 
(Abst.) , . 

dust, workers exposed to, effect of vitamin 
C on. 1478 . 

in experimental asphyxia of tumors. 1120 
Leprosy-, 1236 (B. Rev.) , 

Revtotriches of Barinaud’s conjunctivitis^ and 
g r a m-positive microorganisms, 
staining p-ithin tissues, 1534 
(Abst) , . 

Lesion, iiistological, in lymph nodes in infec- 
tious mononucleosis, 1233 (Abst) 
Lesions, gastrointestinal, phenolpbthalein tesc 
for, 687 

in kidneys of rabbits, 950 
of brain and spinal cord, regional fflasnosu, 
compendium of, 756 (B. Bev.) 
pathologic, in organs of cats, guinea pigs, 
and frogs, 1565 

Leucemia, 38 . ^ fn 

Leucemias, blood chemistiT obser\ations . 

Leucocyte changes in acute peritoneal irrila- 

count, decreased of erythrocytes 

interfering with, 19o4 .. . 

following transfusion of preserved blood 

Leucocytes, change (Abst)'* 

mococcic infection, 1708 
in blood containing gum acacia, method 
counting, 1664 /Ahstl 

motility and chemotaxis of 1399 (Abs 
Leucocytosis. mechanism of, 10i4 tAos j 

S" eflectio'n Iroffian skin, photographic 

lAine test H^'osteotroplc dyes in, 

714 

Lipase, serum, 1231 (Abst) 

Lipid metabolism, 1S4 
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L^oids. blood, in blood dj'scraslas. determina- 
tion of. 1978 

L.5ver diseasfiv Takata-Ara test in, 156 
extract in patients with sicklc-cell anemia, 
1470 

function test, lilpmiHe acid, 133(J 
Rum acacia, effects of, on, 330 
histopatholoRic flndlngrs in, 785 
therapj'', eosmophilia following, development 
of. 457 

treatment of potycj-tiiemia vera with. 2137 
Lobeijne, determination of blood velocity by, 
766 

Ivow-grade chronic illness, 622 

nonfllament-lllament ratio following ad- 
ministration of autogenous vac- 
cines to persona with. 1452 
Lung air, alcohol of. 1527 
Lymphoblastoma, follicul.-ir, 1395 (Abst.) 
Lymphosarcoma, case of, report of, 630 

31 

Jfacronucleolus and nucleonucleolar ratio of 
cancer to histologic grading. 1612 
Magnesium content of blood serum and urine. 
521 

sulfate in bronchial asthma, S40 
intnavenoua administration of. electro- 
cardiographic changes following. 
1U€ 

Malaria, falciparum, of drug addicts, labora- 
tory studies in, 1024 
Malignant tumors, primary, of spleen, 630 
Manometer, glass-capsule, for recording blood 
pressure. 1570 

Manson's tropical diseases. 439 (B. Rev.) 
JIanualij- operated ergometer. 1357 
Slarchiafava-Mjcheli syndrome, 1434 
Marrow, sternal, aspirated, method for pre- 
paring smears and sections of. 
1784 

Massive Intravenous infusions In narcotic 
•'M'— ’M*' 

J' ■ ■ ■ . V, * • •jharmacology', 

; . _ . . ■ Rev.) 

Measurement of pH and oxidation-reduction 
potential of bacterial cultures. 
1513 

of red blood cell dfametcr by diffractometer, 
S36 

Measuromenfs. surface ten.sion, of guinea pig 
complement, 1599 

Meat extractives in studies of gastric func- 
tion, 823 

Mechanically recording blood .-itedimentation 
, cur\'es. 1945 

Media, culture, apparatus for titrating. 1375 
Medical drawings, types of, 16SS 
illustration. 740. 901, 1064. 1224. I38S. 16S7. 
, 1852. 1981 

laboratory technic, applied, essentials of. 
1077 (B. Rev.) 

problems of high altitude flying, 263 
specialists, directorj* of. 918 (B Rev.) 
subjects, rubber casts of, 1981 
Medicine, practice of, 1400 (B. Rev.) 
Medium, culture, developing egg as. 242 
dextrose yeast extract, for isolation of 
fungi from sputum, iigg 
sugar, for idenlifleation of colon-typhoid 
group. 1951 

Meningitis, pneumococcic. treatment of, 1705. 
^ 1707 (Abst) 

treatment of, with sulfapyndmc, 1705 
„ (Abst.) 

Menotoxin, studies on. S98 
Menstrual disorders and sterility, diagnosis 
xt ♦ V. » treatment of, 1709 (B. Bev.) 

Metaboii.sjn apparatus for studying oxj'gen 
consumption of guinea pigs, 1521 
carbohydrate, 20 
metala in. 1093 

eiiecl of iron on phosphorus, calcium, and 
nitrogen, 351 
or iron and copper, 734 
-Studies, rat cage for. 1849 
Metals, heavy, colloids of, in treatment of 

. ■■ ■■ ■''Section 1), 

' ■ . ' >_ / ecUons 2, S, 


2-mct 


in hypopro- 
■•5 (Abst) 


Mefrazol, effects of, on blood pyruvate, lactate, 
and glucose, 192S 

Mice, subcutaneous administration of prota- 
mine to, 1416 

Micro test of plasma prothrombin, 723 

Jljcroanalysis, system of, 1838 

Dnprotem nitrogen. 

I • creatine, and crea- 

874 

•j • ' estimation of ace- 

■ ■ . pplication of, S7g 

■ .‘I : • asuring erythrocyte 

■ • ■ ton, 703 


■ ■ ■ . I, 1793 

■ Rev.) 

. . (Abst) 

Afpnilia simulating pulmonary* tuberculosis. 

bronchiectasis associated with, 624 
Monkey, allergic reactions In organs of, 1870 
liionocyte, 92 

Mononucleo.sis, Infectious. 1233 (Abst.) 

syphilis in, serologic reactions for, 1439 
Morphine, 2S 
Moulagc prosthesis. 901 

Mounting Gfemsa type preparations, use of 
dJaphane for, 869 
Mouse c-ige. model, 701 

jlovement of extremities, apparatus to record, 
1344 

Muscle. Intact, activity of. effects of decreased 
temperature on, 1913 

Musculo-.skeletal system, polymorphonuclear 
toxic Index in affections of, 754 
(Abst.) 

Myelinated nerve fibers, histopathologic 
changes in, 1255 

Myocardial flbrosi.s, influence of, on cardiac 
hypertrophy, 12S9 

insufficiency, 203 

n 

Narcotic poisoning, effect of massive intra- 
venous infusions m, 1140 
Nasal simultaneous aspirator, uso In gastro- 
enierologj', 1181 

Nasopharynx, relation of, to ulcerative coUtis, 
1925 

Negro, blood serum calcium In. 1644 
Neoplastic diseases, 755 (B. Rev.) 

Nephritis. 194 

Nerve fiber.s. myelinated, histopathologic 
changes in, 1295 

Nervous sy.stem, autonomic, in relation to ex- 
perimental and clinical phenomena, 
4 

central, ester-hydrolyzing activity of, 1017 
torula infection of. 299 
ayaiems, peripheral and central, hlstopathol- 
osy of. 1078 (E. Rev.) 

NVsslcr'.s reaction. 1062 

Newborn, blood prothrombin levels in, determi- 
nation of. 1379 

effect on. of vitamin K administered to 
mothers in labor, 1305 

Neiv York City area, iodine content of blood, 
urine, and saliva of normal per- 
son in, 1943 

Nicotine from cigarette smoke, absorption of, 
1322 

NtcotmJc acid, effect of, on blood coagulation. 
1556 (Abst.) 

in blood and urine, determination of. 1042 
Nitric and sulfuric acids, cleaning mixture, 
1797 

■ - '3 

■ ' I on, 351 

■ ' in determination 

pecitlc gravity by 
' lique, 1681 
* ' ■ ‘hanges following 

' ■ ■ : autogenous vac- 

' . . with low-gradc 

’ ' 452 

■ rrade chronic ill- 

U4A- 

Nonproteln nitrogen of blood, mferodetermina- 
^ tion of, S74 

Nooreagmic food aJlergj-, familial, 1878 

as predisposing cause of common cold. 
75? ' 
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Nontraumatizing metliod of inducing pneu- 
mocoecic infection in albino rats, 

N-propyl disulfide anemia, biochemical studies 
, -Of blood of dogs with, 9S6 
IN ucleonucleolar and macronucleolus ratio of 
w, t.-f cancer to histologic grading, 1612 
iNutntion, vitamin, determination of, 15 


Obesity, appetite of patients with, effect of 
beliadonna on, 477 
hypertension in relation to, 930 
Objective circulation time test, 1966 
Occlusion, coronary, insulin allergj' simulat- 
_ ing, 1090 

Occult blood in stools, effect of ingested iron 
on tests for, 727 

Ocular electrode, electroencephalograms using. 
1659 

Oesting’s technique, colorimetric quantitation 
by, SSI 

Operating table, 119? 

Opsonocytophagic indices, method for stain- 
ing blood smears in determining. 
1811 

test, evaluation of. 1396 (Abst.) 

Oral administration of typhoid vaccine, pro- 
tective antibodies produced by, 
1583 

ingestion, anpearance of blood bromide alter, 
1325 

simultaneous aspirator, use in gastroenterol- 
ogy, 1184 

Organic acid-soluble phosphorus of red blood 
cells, 190 

chemicals for therapeutic use, development 
of. 131 

solvents, bilirubin in, solution and diazotiza- 
tion of, 1206 

Organs, abdominal, allergj* of, 1867 
of cats, guinea pigs, and frogs, pathologic 
lesions in, 1565 

Orthostatic hypertension, 1398 (Abst.) 
Oscilloscope, 1352 

Osmic acid, method of staining fat in frozen 
sections with. 1991 (Abst.) 
Osteotropic dyes in modified line test for 
vitamin D, 714 

Oven, paraffin, temperature, 559 
Overdosage of sulfapyridine. 1256 
Oxidation-reduction potential of bacterial cul- 
tures, vessel for measurement of, 
1513 

Oxygen consumption of control and thyreoac- 
tivator-treated guinea pigs, appa- 
ratus for studying. 1521 
of air in oxygen tent, absorption bulb and 
syringe for determining, 1376 
tension, atmospheres of varying, effect of 
sulfapyridine in pneumococcus in- 
fected mice in, 1915 

tent, determining oxygen of air in, 1376 
Oxygenator for blood, 1803 


Paget’s disease, Iiyperphosphatasemia of, 1333 
p-Aminobenzoic acid, inhibition of action of 
sulfanilamide by, 917 (Abst.) 
Pancreatitis, edematous, acute, 1901 
Paraffin oven, temperature, 559 
Paralysis, infantile, infective stools in, 1906 
Parasitologj', clinical, 1401 (B. Rev.) 
Parathyroid activity, adrenal glands in, epi- 
nephrine secretion from, 1084 
Parotid gland on blood sugar, influence of, 
1009 

Paroxysmal nocturnal hemoglobinuria with 
hemolytic anemia, 1434 
Pathologic conditions, Saccharomyces fragilis 
Jorgensen associated with, 294 
Pathological histologj-, 1078 (‘B. Rev ) 
Patliology, cardiovascular, experimental stud- 
ies in, 1565 

of reticulo-endotheiial system, 89 
Pediatrician, compleat, 1077 (B. Rev.) 

Pencil dust technique for medical illustra- 
tion, 1695 

.“tndy, 1775 . 

.'.u.iii.i ‘-piuephrine injected into, 29t 
:>. ■ ' : liuui. mdi, .'pots, 435 (Abst.) 

■ ! i'iiu ii'".'. acute, leucocyte changes 

.in, 468 


Pernicious anemia, 45S, 1235 (Abst.1 

nw determinations in, njf 

pH. biood. syringe type glass electrode for 
measurement of, 884 

measurements with precision gla.ss elec- 
trode at various temperatures 
^ . .standardization of, 892 
Of bacterial cultures, vessel for measurement 

XOXo 

Phagocytic cells of mammalian tissues, 90 
Pliarniacologmal basis of therapeutics, 1710 
\ • ) 

Pharmacology, laboratory text in, 1078 (U 
Rev.) 

materia medica, toxicology' and, synopsis 

^ of, 1709 (B. Rev.) 

of silica, 774 

Phenol red, determination of, with Evelyn 
colorimeter, 732 
Phenolphthalein in urine 1148 
studies, 1148 

' i- lesions, 687 

test of renal func- 

/1-Phenylethy]amine, 134 
Phosphorus compounds, 200 
effect of iron on, 351 
of red blood cells, 190 
radioactive, in rodents, 1014 
Photelometric determination of bilinibin in 
urine, 423 

Photoelectric colorimeter, alternating current, 
416 

hemoglobinometer, observation.s with, 1054 
procedures for microdetermination of non- 
protein nitrogen, urea nitrogen, 
creatine, and creatinine of blood, 
874 

Photographic aspect of light reflection from 
human skin, 1852 

Photography, witli. a method of preparing 
photomicrographs, 1064 
Photometric determination of sugar in biolog- 
ical fluids by terricyaniOe reduc- 
tion, 1969 

Photomicrographs, new metiiod of preparing, 
1064 

Photostatic camera, 386 , , 

Physical studies of blood and stroma in poly- 
cythemia and beef embryo, _ip2 
Physicians, American College of, li09 (B. 
Rev.) 

Physiology of micturition, 1237 (B- Rev.) 

of reticulo-endotheiial system, 89 
Physostigmine, 24 

Phytotoxic reactions of some Mood sera, 
Pipette, antigen, for Kline sypiiditic test. 56. 
automatic, 1668 
hematocrit tube fllling, 1348 
Pipetting machine, 1668 

Pituitary adenoma, chromophobe. tMth bim 
monds' di.sease, 1289 

gland, disease of, alteration of glucose toler- 
ance in, 360 

Plants, edible wild, 756 (B. Rev-) 

Plasma, acid-base balance m, alS 
albumin in liealthy individuates, 1838 
biood, ascorbic acid m, determination 

pr'a"tMi“''cSenlktion after severe hemor- 
rhage,, 1144 „ 

prothrombin, imcro test of, u* 

irceri'irft’iof after severe henior- 
Platelet factor'^in 'thrombocytopenic purpura, 

— ™1.?^infectioTi, 1708 of 

ontraumatizmg mctlioii 01 

■1; pi. ■.■•r..'! '’'. . "V 

of blood SPra'P'i‘’®,esoXvcortico.5- 

R-VPoolilorcnda^.m^e«ff„«//r42 
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Pneumonia — Cont’d 

In (log's, cyfetino content of hydrolysates of 
blood sera In. 1635 
in rats, treatment of. 1284 
patients, clinical reactions in, 1461 
pneumococcal. 38 

pneumococcus typing in, 1075 (Abst.) 
recurrence in, 1262 ^ , 

Sabin agglutination teat as control of sul- 
fapyridine trc.atment of. 752 

(Abst) , ^ , 

tests as indices in recovery in, 1555 (Abst.) 
tieatnient of. combined eitecta of sulfapyn- 
..... . 

with . •• 

Poisoning . ■ (ons pro- 


Pj'rldium administration in urinary 

organized sediment following, l<o8 
Pyruvate, blood. In vitamin Bi deficiency, 1314 


Quantitation, colorimetric, by Oesting a tech- 
niriue, 881 

Quantitative estimation of acetone and ace- 
toacetic acid in urine, 1216 
of serum globulin in hypergiobulinemta, 
1211 

"Quollung" reaction, pneumococcus typing by, 
improved technique for, 1672 

Quick's test simplified by use of stable tlirom* 
' boplaatln. 1990 (Ab.st.) 


narcotic , ■ enous in- 

fusions in, 1140 

pQison.s, their isolation and Identification. 1077 
(B. Rev.) 

Polarized light metiiod. histopathologic 
changes In mj-ellnated nerve fibers 
observed by. 1295 

Polarizing device for microscopes, 694 
Polarographic studv of blood .'seia in experi- 
mental pneumonia m dogs, 1500 
Poliomyelitis, experimental, 735 (B. Rev.) 
Pollen, atmospheric, at Moscow, Idaho, 311 
Polycythemia, blood and stroma in. 1492 
vera, treatment of, 1137 
Polymorphonuclear toxic Index in affections 
of musculo-skeletal system, 754 
(Abst.) 

Poiphyiin, urinal y. before and after hydrol- 
ysis. 1676 

Porphyrlnogenesis. theory of. 323 
Potassium studies in arterial hypertension, 
344 

sulfocyannte, depressor effect of. 658 
Practice of medicine, 1400 (B. Rev.) 
precipitin reactions m i heumatold arthritis. 
464 

Pregnancy disorders, pregnanedlol m, 1555 
(Abst ) 

late, blood findings in. 1487 
toxemias of, blood during, 664 
Visscher-Bowman chemical teat for, 1374 
Pregnanedlol excretion, 1555 <Abst.) 

Pregnant women, acid-base balance in plasma 
and blood cells of, 313 
Preservation, blood, studies in, Ii73 
of specific anti-jl and anti-N agglutinins 
with toluot, 866 

Preservative for biological specimen.'*, 1788 
Preserved blood "banks” in transfusion. 82 
transfusion of, leucocyte count following, 
1911 

Piessor agents, 134 

primary malignant tumors of the spleen, 630 
Principles of hematology, 440 (B. Rev ) 
Problems in lipid nietaboh.sm. 184 
Piosthesls, moulage, 901 
Pro.itlgmme, 24 

pjotamine, subcutaneous administration of. 

to rabbits and mice. 1416 
Piotective antibodies produced by typhoid 
vaccine, 1583 

Protein, human, m stools, immunologic test 
. for. 1030 

plasma, concentration after severe hemor- 
rhage, 1144 

serum, determination of, 1046 
Proteins, electrical charge of, 1,4 
isoelectric point of. 174 
Prothrombin. 1990 (Abst.) 

■ ■ • r venom. 1366 


R 

ft.'ibbtt, ear vein of, aid in injection of, 1956 
heart blood samples, blood sugar values 
from, 725 

in VIVO study In, 1111 
• • ” I ' 1461 

! ■ . • 1129 . , 

( • .\i imental lesions in. 

subcutaneous administration of protamine 
to. 1416 

Rack for syringe outfit in use. 388 

Radio-active phosphorus in rodents, distiibu- 
tlon of doses of, 1014 

Rngaveed pollen extracts, development of sen- 
sitivity to, in guinea pig, 1603 

Rat, albino, pneumococclc infection in. non- 
traunmtizlng metiiod of inducing, 
1181 

cage for metabolism studies, 1849 
piaeumonla in. treatment of, 1284 
white, nrtificfll 5n.«emJnation of, 1361 

Ratio, mneronucleelus and nucleonuclcolar, of 
cancer to histologic grading, 1612 
of free to total phenolphthalein In urine, 
1148 

Raynaud’s disease, capillary studies in, 1729 

Roaetlon, formol-gel. 1211 
phytotoxte. of some blood sera. 69T 
precipitin, in rheumatoid arthritis, 484 
"Qucllung,'’ improved technique for pneu- 
mococcus typing by, 1672 
Takata-Ara. In cerebrospinal fluid, 1079 
Weltmann’s coagulation, simple modifica- 
tion of, 1795 

Rectum, carcinoma of. 1707 (Abst.) 

Red blood celt diameter, measurement of, by 
diffractometer. 696 

cells in acidotlc states, acltl-soluble phos- 
phorus of, 190 

Reduced blood, undiluted, hemoglobin estima- 
tion with, 1823 

Refrigeration, patients with cancer subjected 
to. 443 

Regional diagnosis in lesions of brain and 
spinal cord, compendium of, 756 
<B. Rev.) 

Renal aspects of experimental and clinical 
hypertension, 1713 
function. 1864 (Abst.) 

In hypertension. 1718 
phcnolsulphonephthalem teat of, 587 
le-sion associated >vith jaundice, 914 (Abst.) 

with sulfapyndine therapy, 436 (Abst.) 
pathology, clearance tests m relation to, 
196 

pressor system, 1718 

. . crystalline 

. Vbst.) 

• , ■ ; ■ 93 

• ' ' 'cancer 


P* I 1558 (B. Rev.) 

of, 1237 (E. 

Puerperal women, acid-base balance In plasma 
and blood cells of, 513 

Pulmonary tuberculosis, monlUa simulating. 

bronchiectasis associated wUb. 824 
Purpura, allergy in relation to, 1105 
production of, 493 
thrombocytopenic, 91S (Abst.) 
in guinea pig, 648 


Ias6 lAusu; 

system, Its physlologj' and pathologj'. 89 
Rheumatoid arthritis, glucose tolerance curves 
in, effect of diet on, 675 
gold salts In treatment of, toxic reactions 
with, 1629 

sodium thiomalate, in. 1750 
on. effect of, 1274 
mdoluTia in. 1939 
precipitin reactions in, 464 
treatment of, 1918 
Rhinitis. N-asomotor, 802 
Riboflavin, 21 
Rickettsial infection, 245 
Infections, bacillary and. 1401 (B. Rev.) 
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Rodents, radioactive phosphorus in. lOl-t 

of- io anox a. 479 

Roentgen sickness, 39 
Rouleaux, sedimentation rate of, 545 
Kubber casts of medical subjects, 19S1 
Kussell viper venom, prothrombin estimation 
using-, 1366 


Sabin agglutination test, 1555 (Abst.) 

as control of sulfapyridine treatment of 
pneumonia, 752 (Abst.) 
fragilis Jorgensen, 291 

Saliva, lodine^content of, in normal persons, 

Salmine, .subcutaneous administration of to 
rabbits and mice, 1416 

Salts, gold, in treatment of rheumatoid ar- 
c , , thritis, to.^ic reactions with, 1629 

Scarlatinal serums, 1991 (Abst.) 

Schick reaction. 1232 (Abst.) 

Scientific illustrations, sharpness considera- 
tions in making, 1388 
Scurvy, human experimental. 1989 (Abst) 
Sediment following pyridium administration 
in urinary infections, 1768 
Sedimentation curves, blood, mechanically 
recording, 1945 
rate in healthy girls. 987 
in patients with low-grade chronic iilness. 
621 

technique for, 542 
Westergren. technique, 1516 
Semisoiid double sugar medium for identifica- 
tion of colon-typhoid group, 1951 
Sensitivity to egg albumen and ragweed 
pollen extracts in guinea pig, effect 
of carbon tetrachloride and thy- 
roxin on, 1603 

Septicemia, staphylococcic, 1232 (Abst.) 

Sera, blood, cystine content of hydrolysates 
of, 1635 

phy to toxic reactions of, 597 
Serologic reactions, false positive, for syphilis 
in infectious mononucleosis, 1439 
tests for syphilis, method for intrastate 
evaluation of, 1789 
transient positive, 791 
Serplogj' of syphilis, 139 

Serum, albumin-globulin ratio of, 1553 (Abst.) 
amylase test, 1901 

bacteriostatic properties of, in'- patients 
■with rheumatoid arthritis, effect of 
gold sodium thiomalate on. 1274 
calcium, blood, in negro, 1644 
cholesterol studies following acetyl-fl-methyl- 
choline chloride by iontophoresis. 
1012 

electrophoresis with reference td, 174 
globulin in hj’perglobulinemia. 1211 
human, effect of, on blood antito.xin titer and 
Schick reaction, 1232 (Abst.) 
iodine absorption by, of epileptic patients, 
on bromide therapy. 836 
content of, 365 
lipase, 1231 (Abst.) 
protein, application to, 179 
determination of, 1046 
rabbit, antipneumococcic, 1461 

in type I pneumococcus infection of albino 
rats. 1284 

Sharpness considerations in making scientific 
illustrations, 1388 
Shaving brushes, anthrax in, 1032 
Shock, circulatory failure of capillary origin, 
751 (Abst.) 

pathologic physiologj' of, 121 
.Short wave therapy, foundations of, 1400 (B. 

Rev.) ^ , . 

Sbwartzman phenomenon, effect of his.aniinase 
on, 1432 

Sicca hemometer, 1824 
Sickle-cell anemia, liver extract in, 1470 
Silica, pharmacologj* of, 774 
Silicic acid, fatal intravenous doses of, /<4 
Silver anniversary number, 1 , 

Simmonds’ disease, chromophobe pituitary 
adenoma with, 1289 - . 

Skin, human, light reflection from, photo- 
graphic aspect of, 1852 
Slide technique, 557 • 

Slides, lantern, 1224 . , , 

Smears and sections of aspirated sternal mar- 
row. method for preparing. 1784 
vaginal, staining, 1200 


Sipegma bacillus. 1705 (-Ibst) 

Smoke, cigarette, absorptfon of nicotine froni, 

Sodium chloride crystallization bv cerebi-n’ 
. spinal fluid. 483 ' ' ^ 

'.".arterial hj-pertension, 344 
sulfapj ridme.^ intramuscular administration 

use of, by hypodemioclysis, 594 (Abst i 
determination of, 889 

Solution and diazotization of bilirubin in 
chloroform, 12O6 

Specific gravity apparatus, inexpen.sive 1959 

body fluids, 1370 

method for determining, 

of stools. 1775 
studies, blood, 1934 
determining blood volume chafige-s by 
1545 • . 

Sphygmoscope, student, 1192 
Spinal cord and brain, device for fi.ving in 
one piece. 1809 

fluid, chloride concentrations in, 535 
colloidal carbon flocculation test in, diag- 
nostic value of, 1349 
Spirochetal infection, 246 
Spirocheticides, 137 

Splanchnicotomy, bilateral, in dogs, depressor 
effect of potassium ‘sulfocyanate 
before and after, 658 
Spleen, congenital absence of, 772 
tumors of, 630 

Splenic factor in thrombocytopenic purpura, 
489 

Spontaneous hj-poglycemia, diet in, 828 
Sporulating anaerobes, isolation of, 1957 ' 

Sputum, aspiration of, 1396 (Abst.) 

isolation of fungi from, 1195 
Stain for fat and elastic tissue, combined, 1991 
(AbsL) 

Gram modification of, 1518 
Staining blood smears in determining opsono- 
cytophagic indices, 1811 
gram-positive organisms in frozen sections, 
1076 (.-tbst.) 

• Jars, turntable for, 562. 
method for hemosiderin pigment in heart- 
failure cells, 700 ' ■ 

vaginal smears, 1200 

Stand for aseptic operations with Horsley- 
Clarke’s stereotaxic instrument, 
1657 

Standardization of certain factors in cutaneous 
"venostasis” bleeding time tech- 
nique, 1812 . . ■ , 

Standards, elimination of, in determination or 
whole blood specific gravity by 
falling-drop technique. 1681 
Staphylococci, coagulase test for, ■ 14i)-i 
( Abst« ) * 

effect of sulfapyridine and sulfanilamide on, 

pathogenicity^ of. use of slide agglutination 
to determine, 1865 (Abst.) 
septicemia, 1232 (Abst.) iro.vTr-sajnp 

Staphylococcus toxin, effect of sulfapj ndin 

stereotaxic ° ’instrument, , 

stand for aseptic operations uim. 

Sterility, niale! testicular biopsy in. 1'9S 

menstrua/^sorders and, diagnosis and treat- 
ment of. 1709 (B. Re\.) 

Sternal marrow, aspirated, 

paring smears and sections or. 
Stools, composition of effect of bran om 1 
human blood and human protmn m, 
munologic test for, 1030 
infective, in infantile paralysis, .^ling 

Straw, cellophane, ^fbstf 

stroma in Po’>mrthem)a*and berf 

strongj-loides stercoralis infestation, c 

Subcutaneous°®admmistration^j^of 

sugar. blool'^^onSl’l^i^lues in children, ISOi 
parotid gt^d^on, influence of, 1009 . 
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Suffar — Cont’d 

in biological Hulds. photoinctiic determina- 
tion of, 1969 

nic‘(|iuin for Identification of colon-typhoid 
grouD, 1961 

urine, estimation of, 1220 
Sulfanilamide, sibsorption of. 371, 534 (Abst ) 
and Us derivatives, teat for, 401 
anU-enxymatic nature of bacteriostatic ac- 
tion of, 1072 <Abst ) 
clinical, toxicity of, 592 (Abst.) 
determination In blood, 887 
source of error in. 1052. 
effect of, on blood pigments, 1234 (Abst) 
on hemoglobin metabolism and hepatic 
function, 591 (Abst.) 
on staphylococci and B. coli, 1766 
’ hepatitis, toxic, due to, 785 

micro bedside test for determination of, 914 
CAbst.) 

on acid-base balance, effect of, 1154 
patients under treatment with, 1989 (Abst) 
relation of p-amlnobenaolc acid to action of. 
917 (Abst) 

toxic effects of. m anoxia. 479 
Sulfapyrldlne and barbiturates, combined ef- 
fects. in treatment of pneumonia, 
793 

and serum In treatment of pneumonia, 1556 
. (Abet.) 

clinical toxicity of, 592 (Abst.) 
determination of, source of error In. 1052 
effect of, on blood pigments, 1234 (Abst) 
on hemoglobin metabolism and hepatic 
function. 591 (Abst) 
on staphylococci and B. coll, 1756 
on staphj'lococcus toxin, llll 
In blood, level of, 1663 (Abst.) 
m experimental brucellosis, 616 
In pneumococcus infected mice, therapeutic 
effect of. ISIS 

In type I pneumococcus infection of albino 
rats, 1284 
overdosage, 1256 

prolonged administration of, 1399 (Abst.) 
sodium, 324 

therapy, clinical aspects of. 919 
renal lesion with, 436 (Abst.) 
toxic effects of, in anoxia, 479 
treatment of meningitis with, 1705 (Abst.) 
pneumonia with, 1866 (Abst.) 

Sulfate, Inorganic, significance of concentra- 
tion of, in serum, 1864 (Abst) 

•, " , cretions in renal 

8 69 S (Abst) 

Vbst ) 

prolonged administration of. 1399 (Abst.) 
Sulfocyanate, potassium depicssor effect of. 
«58 

Sulfonamides In dermatology. 1407 
.Sulfuric and nitric acids, cleaning mixture, 
1797 

^ . •• • of guinea pig 

I 

! before and 


y of, 126 
■ t) 

I .fectlows mon- 

onucleosis. 1439 

tests for, hiethod for, intrastate evaluation 
of performance of, 1789 
for transient positive, 791 
..sproloey of, 139 
tests of, comparison of, 637 
Syphilitic test, Khne. antigen pipette for. 562 
Syringe outfit, lack for, 388 
type glass electrode for measurement of 
blood pH. 884 


Table, dissecting and operating, H97 
Takata-Ara^^reaction in cerebrospinal fluid, 

test m liver disease. 15G 
"Targct-cen” anemia, 1398 (Abst) 

Tattoo machines, modified tube for. 3525 
Technique for sedimentation rate S4’* 
Temperature decreased, effects of. on activity 
of intact muscle, 1913 


Temperature — Cont'd 

for colorimetric deternunations. 1062 
paraffin oven. 559 

Temperatures, body, lowering of, observations 
on. 1423 

subcnlicaJ. human tissues subjected to, 753 

(Abst) 

varioii.s, standardization of pH measure- 
ments witii precision glass elec- 
trode, 892 

Test, benzidine, for hemolysis, 736 
circulation time, objective (fluorescein 
method), 1966 

for sulfanilamide and Ua derivatives, 401 
(galactose) for thyroid disease, 434 <Abat) 
gonococcus fixation test, 391 
immunologic, for human blood and human 
protein m stools. 1030 

in dlagnoala of latent ayphUls, 749 (Abst.) • 
line, for vitamin D, osteotropic dyes in, 714 
liver function, hippurle acid, l330 
micro, of plasma prothrombin, 723 
mlcrofragillty, for measuring erythrocyte 
resistance, 703 

phenolphtbaleln, for gastrointestinal lesions, 
687 

phenol.sulphonephthalem, of renal function, 
587 

serum amylaae, 1901 
Takata-Ara. In liver disease, 158 
thermal reaction in rabbit, 1461 
Vlaschcr-Bowman, chemical, for pregnancy, 
1374 

Woldman. influence of phenolphthalein on, 
1148 

Testicular biopsy, 1708 (Abst.) 

Testing fluids, preparation of antl-M, antl-N, 
anti-A, and anti-B testing fluids, 
1338 

Test.s, clearance, In relation to renal patbol- 
owy. 796 

dextrose tolerance, 436 (Abst.) 
for occult blood in stools, effect of ingested 
Iron on, 727 

for syphilis, compari.son of, 637 
glucose tolerance, results of, 1506 
serologic, for syphilis, method for intrastate 
evaluation of, 1789 
transient positive. 791 

tuberculin, routine, significant errors in, 
1652 

Tetralodophenoiphthalein tests, 332 
Therapeutic effect of sulfapyndine in pneu- 
mococcus infected mice, 1915 
use. organic chemicals for, 131 
Therapeutics, pharmacological basis of. 1710 
(B. Rev.) 

Therapy, dermatologic, some recent advance’^ 
in. 1403 

histamine, in allergj*, 499 
liver, eoslnophilia following. 457 
miscellaneous, 1411 
•sulfapyrldlne, clinical aspects, 919 
Thermal reaction test in rabbit, 1461 
Thiamin, 20 

mteiaetton with acetylcholine, 2i 
Thiocyanate and body fluid analyses, mea.s- 
ucement o f extracellular fluid 
volume with, 1S8S 

Thrombocytopen, further obsen'ations on, 1266 
Thrombocytopenic purpura, 96, 913 (Ab.st.) 
tn guinea pig. 648 
Interrelationship of factors in, 439 
Thyreoaetivator-treated guinea pigs, apparatus 
oxygen consumption 
of. J 5 21 ' 

Thyroiil disease, test (g-alactose) far. 134 
(Abst.) . 

gland, disease of. alteration of glucose tol- 
erance in, S69 

TJiyroparathyroldectomy. iosg 
T hyroxin, effect of, on sensitivity to egg al- 
bumen and ragweed pollen ex- 
tracts in guinea pig, 1603 
Tiselius. apparatus of, 17 6 
Tissue, carbon^ tetrachloride from, recovery of, 

combinod ^^ain^for fat and elastic, 1991 
fluids in diuresis, 211 

tKezmg of. jvlth ■■drjr lee- tor micofome 
■ ■ brain, 1799 

; frozen sections, 

. 1076 (Abst.) 
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Hanidi’s preserving: solution, 915 (Abst.) 
macrophage, 91 

staining lat in frozen sections with osniic 
acid, 1991 (Abst.) 
within, method of, 1554 (Abst) 
subjected to subcritical temperatures, path- 
ologic changes in, 753 (Abst.) 
Tobacco, cutaneous manifestation from. 1399 
(Abst.) 

Toluol, anti-M and anti-N agglutinins with, 
preservation of, 8C6 

Torula infection of central nervous system, 
299 

meningitis, 25S 

Toxemias of late pregnancy, blood during, 064 
Toxic effects of sulfanilamide, sulfapyridine, 
and rodilone in anoxia, 479 
hepatitis due to sulfanilamide, 7S5 
reactions with gold salts in treatment of 
rheumatoid arthritis, 1629 
Toxin, staphylococcus, effect of sulfapyridine 
on, 1111 

Transfusion, blood "banks’’ in, S2 
of preserved blood, leucocyte count follow- 
ing, 1911 

Trichinella spiralis, 917 (Abst.) 

Trichinosis, incidence of, 753 (Abst.) 

Tropicai diseases, Manson’s, 439 (B. Rev.) 
Trypanocides, 136 
Tube for tattoo machines, 1525 
hematocrit, fitting pipette, 1348 
Tubercle bacilli, demon, stration o f, 1396 
(Abst.) 

differentiated from smegma bacillus. 1705 
(Abst.) 

effect of egg oil on, 1073 (Abst.) 
Tuberculin reaction, instability o f, 1397 
(Abst.) 

tests, routine, significant errors in, 1652 
Tuberculosis, 287 

pulmonary, monilia simulating, 624 
Tubes and bottles, culture, bacieriologic, cot- 
ton-plug wrapping machine for, 
1040 

composition, as substitute for glass, 1957 
intubation, for insufflation anesthesia i n 
dogs, 854 

Tumor, artiflcial, in brains of cats, production 
of, 1778 

asphyxia of, combinations of cliemicals in, 
1120 

cell, of frontal bone, 319 
giant cell, of bone, 1705 (Abst.) 
of spleen, primarj- malignant, 630 
of vulva, 591 (Abst.) 

Turntable for staining jars, 562 
Tj-phoid carriers, 1072 (Abst.) 

fever, bone marrow in, bacteriologic culture 
of. 1024 

vaccine, protective antibodies produced by. 
1583 

U 

Ulcerative colitis, relation of nasopliarynx to, 
1925 

Urea determination for routine blood chemis- 
try. 405 

in biood and urine, 437 (Abst.) 
nitrogen of blood, microdetermination of, 
874 

UrinaiT androgens, extraction of, 881 
infections, organized sediment following 
pyridium administration in, 1768 
porphyrin before and after hydrolysis, 1676 
sodium, volumetric determination of, 889 
tract, chemotherapy in nonspecific infections 
of, 1863 (Abst.) 

Urine, acetone and acetoacetic acid in, 1216 
acetylcholine in, study of, 842 
alcohol in, determination of, 399 
ascorbic acid in, determination of, 1542 
bilirubin in, comparison of tests for, 1234 
(Abst.) 

photelometric determination of, 423 
calcium in, determination of, 585 
chemical constituents, 214 

concentrate, i n acute glomerulonephritis, 
capacity of kidney to. 1160 
control of urinary reaction. 752 (Abst.) 
creatine in, conversion of creatinine into, 
1673 

formation of, 751 (j'-bst.) * f < i 

hippuric acid in. determination* otifri29 1 
iodine content of, in normal^iier^ns.-li)42 


Urine— Cont’d 

isolation of paratyphoid, dvsentcry and 
typhoid from, 592. (Abst.) 
magnesium content of, 521 
nicotinic acid in, determination of, 1042 
sugar, estimation of, 1220 
sulfathiazole in. 1706 (Abst.) ' 

urea in, 437 (Abst.) 

Urticaria, treatment of, 501 
Uterotubal insufflation, experimental, 1447 
in rabbit, experimental, 1129 


Vaccine, autogenous, administration of, to 
persons with low-grade chronic 
illnes.s, 1453 

typhoid, protective antibodies produced by. 
1583 

Vaginal smears, staining, 1200 
Variations in composition of gastric juice, 682 
Vasodilators, 135 
Vasomotor rhinitis, 802 
Vein, ear, of rabbit, aid in injection of, 1956 
Ai'elocity, blood, determination of, by lobeline, 
766 

Venom, Russell viper, prothrombin estimation 
using, 1366 

"Venostasis" bleeding time technique, cutane- 
ous, 1812 

Venous blood cultures, 382 
Ventricular failure, left, due to essential hy- 
pertension, 1891 

A'ertical illuminator for student microscope, 
868 

Vessel for measurement of pH and oxidation- 
reduction potential 0 f bacterial 
cultures, 1513 

Virulence of Corynebacteria, 553 
testing, use of single guinea pig for, S63 
Virus infections, 244 
Viruses, 250 

Visscher-Bowman chemical test for pregnancy, 
1374 

Vitamin A, 23 

Bi defioienoy, blood pyruvate in, 1314 

C, effect of, on workers exposed to lead 

dust, 1478 , , 

D, line test for, osteotropic dyes in, (14 

E, 595 (B. Rev.) , , 

K activity of 2-metliyl-l. 4-naphthoquinone 

and 4-amino-2-naphthoI in hypo- 
prothrombinemia, 818 
administered to mothers in labor, effect 
on newborn of, 1305_ 
nutrition, determination of, 45 
A'^itamins and drugs witli cell catalysts, inter- 
action of, 20 , 

A’olume, blood, and extracellular fluid in in- 
fants and children, liOS (AwL) 
cell, of blood, measurement of, by Evans 
blue dye method, 1829 , 

changes, blood, method for (ietermining, by 
specific gravity studies, lo45 
organized sediment, technique for study or. 

plasma, concentration after severe hemor- 

Volumetric determination of urinaiy sodium, 
8S9 

A'^ulva, granulomas of, 434 (Abst.) 
tumors of, 591 (Abst.) 

AV 

AA'ater concentration of blood <Joring toxemias 
of late pregnancy, 664 
AAreil’s disease in Hawaii, 750 (ADscj 
Weltmaun's coa^lation reaction, simple m 

AArestergren 'se'dtaentation rate^^^ 15)6 

AArrapping 

^ 4^0 - 

■«t((#raC 

§f, fungi from sputum, 119^ /j 

ts ^ 




